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Address of Welcome 

IT is an honour ami pleasure for me to welcome you, on behalf of all the sponsors, to this 
International Conference on Postharvest Handling of Tropical Fruit, at which you will 
consider ways to improve the postharvest handling of tropical fruits for the benefit of 
producers and consumers around the world. 

As you know it is much more difficult to export fresh fruit than fruit in the can or 
otherwise processed. To look at means for overcoming problems in postharvest handling 
of tropical fruit, the organisers have been able to assemble here an impressive array of 
invited speakers supported by contributed paper presenters from many parts of the world. 

I see from the conference handbook that some 25 countries are represented at our 
meeting and that participants have come from not just academic institutions, research 
organisations, and government agencies, but also fruit traders and the wider commercial 
sector. That we have representatives of the private sector here is gratifying because it 
indicates that they see the potential for innovation and progress possible by further 
adoption of the results of research and development work. 

i..adies and gentlemen, though you have a very full conference program this week, I hope 
that you will be able to find some time to sample some of Thailand's unique culture and 
food, and perhaps to shop for some mementos of your visit to Chiang Mai. 

You will have seen just outside this conference room the veritable orchestra of fruits 
brought together in a display by the Department of Agriculture. This is the season for many 
kinds offruit here in Thailand. You can enjoy longan, melon, Iychee, sweet apples, durian, 
and many other fruits. I hope that you will try them as you tour the city of Chiang Mai. 

Well, my last words: Welcome to Thailand. I hope your stay will be enjoyable, and the 
conference stimulating and productive for you. Thank you for your attention. 
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Objectives of the Conference 

LADIES and gentlemen I have the honour to present to you the objectives of this 
conference. These are as follows. 
• To review key technical infornlation relevant to the postharvest handling of tropical 

fruits. 
• To define the impediments and pitfalls in successful handling, transportation, storage, 

and marketing of tropical fruit, both for export and domestic markets, and to review 
possible solutions. 

• To provide a platfornl for the communication of current research, and to foster 
professional contacts that will minimise duplication and maximise collaboration in 
future research. 

• To publish and disseminate the content and ideas generated at the conference. 
Given the planning and commitment by the various cosponsors of this conference, I feel 

confident that wc can meet these objectives over the next few clays and in the months ahead. 
The conference has been at least two years in the planning and, during that period, we have 
given great thought to what topics the meeting should cover and who should be invited to 
speak. As it turns out, we have been able, we believe. to aITange something approaching the 
best of all possible worlds regarding speakers: we have been able to enlist not only key 
international speakers, but also, through an exceptionally strong program of contributed 
poster papers, those working on most aspects of tropical fruit handling in the Asian region 
and elsewhere. 

Ladies and gentlemen, I again commend the objectives of our conference to you. I am 
personally looking forward to a lively and productive meeting, and I take this opportunity 
to thank in advance all those who will be making presentations. Thank you. 
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Collaborative Research and Development -
ACIAR's View 

ON behalf of ACIAR, one of the cosponsors of this meeting, I would like to welcome you 
all here. I must say how pleased we are to see such a broad representation of interests: a 
wide range of countries; a wide range of agencies; and a very strong involvement of the 
private sector. 

This level of interest retlects not only the importance of the topic of tropical and 
subtropical fruit and its handling, but also the extent to which there needs to be close, open, 
and meaningful collaboration in research and development and, ultimately, in transfen'ing 
the results of the research that you will discuss this week. 

This to some extent reflects the mandate of my own organisation, ACIAR, which is part 
of the Australian technical assistance program. One of the more unusual things about 
ACIAR is that it is located in a country which grows many of the crops that we will be 
talking about this next week. We have tropics and subtropics, and we go right through to 
cool temperate climates. So we are exposed to a wider range of problems in this area than 
many other technical assistance donor agencies. This means, of course, that we have many 
of the same problems in Australia as our developing country partners, and 'partnership' is 
the hallmark -- indeed our motto - for the sorts of activities we engage in. There is no 
question of visiting experts coming to one country or another; we are equals and we are 
sharing experiences. 

While research will remain a major part of what we support in temlS of our funding 
activities, we have recently had a rebirth as an organisation following a 'sunset' review by 
a committee of the Australian Parliament. Before that we were an organisation with a 
sword hanging over us. We had been given an initial life of 12 years, and it certainly 
sharpens your focus and clarifies your thinking if you know you might cease to exist after 
such a period. 

We have corne through a rigorous process of review. One of the most pleasing aspects of 
this was the very strong representation made by our developing country partners to the 
Parliament, in some instances in person, which helped our parliamentarians to recognise 
the importance of research in development. Those of you who have to dcal with politicians, 
will know that is no easy matter. 

The fact that ACIAR had a new life also enabled us to broaden our mandate in response 
to criticisms that research in isolation is of no value at all. We needed to have a strong 
process whereby the results of research could be translated into usable technologies and 
then transferred to potential beneficiaries. In our new 'sunrise' period we have been given 
increased resources from government to assist in positioning the results of research in such 
a way that they can be picked up by others and of course, activities such as this workshop, 
which have a mix of people including, very often, pol icy makers and industry, arc an 
important step in that direction. 

One of the dilemmas that all funding organisations face is the issue of private vs. puhlic 
sector interests and fundings. 1l1ere are the critics who say that the private sector virtually 
only comes in very ncar the market end of research and doesn't like funding research that's 
further upstream, even though it may eventually benefit from that research. 

I think that view is often not well founded. One of the clements in the sorts of 
partnerships that we have been talking about is the close involvement of the private sector. 
Clearly, in what's called the pre-competitive stage of research it is often understandable 
that the private sector feels it cannot be involved because it cannot always capture what it 
believes is a fair share of the benefits of that sort of activity to recoup its investment and 
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realise reasonable profit. It remains a question which perhaps may be interesting to explore 
in some of your workshop sessions or corridor discussions. This is a very important area of 
funding and at the end of the day, funds are what make it all happen. 

I've raised this issue in the context of my own organisation, because one of our 
objectives, particularly in terms of our developing country partners, has always been to do 
research which is of relevance to the poor in the rural sector - poor rural consumers, poor 
rural producers, and also of growing importance because of increased urbanisation in the 
developing world, poor urban consumers. The issue of who pays and who captures the 
benefits of research, is critical here. 

We often find that with proposals coming to us on, for example, issues relating to the 
containerised storage of perishables such as fruit and vegetables, it is stated that this 
research is likely to benefit primarily the businesses concerned with containerisation, 
marketing, and so on. While there are times when that argument is meaningful, it is no 
longer always true, because one of the more important consequences of research that we 
do is to generate income. The only way that one can alleviate poverty in the developing 
world is to generate income and of those who generate income in some cases it may be 
off-farm income, but in other cases the only way is to produce cash crops such as tropical 
fruits. This means reliable markets and reliable receival centres where produce can be 
stored over a longer period. Thus issues of supply and demand are important and, of 
course, these impact very much on those poor rural producers who are growing the 
commodities. That's why I'm really pleased to see the emphasis on marketing and 
agribusiness in this meeting because, at the end of the day, no matter how poor rural 
producers are, there has to be a market for whatever they produce if it's a marketable 
commodity. This is, of course, aside from subsistence production offoOO to maintain basic 
needs. 

A good example which I have just seen while I have been looking at a range of ACIAR 
projects is one - not conducted by our agency - with the hill tribes on the Burmese 
border. As part of the anti-narcotics programs, a number of hill tribes have grown cut 
flowers with simple but very appropriate technologies, including enhanced lighting, and so 
on. Appropriate containerisation of these cut flowers and in-container chemical treatments 
have allowed them to be shipped by truck from the Burmese border, at the northern most tip 
of Thailand, right through to Bangkok. Thus small producers were able to find a suitable 
market and it is one of the approaches one might envisage for higher value fruits for which 
there may ultimately of course also be export markets. 

In terms of the relevance of this particular conference to ACIAR's activities, I can say 
that the postharvest area has been a high priority for ACIAR. One of the important clements 
of our programs, I believe, has been the need to link production and post product aspects. 
I think there has often been a tendency, and I see it reflected not only in some ministries in 
developing countries but also in developed countries, to draw a line, indeed a barrier, 
between postharvest and preharvest issues. I think all of you know far better than I do, that 
it is absolutely crucial to link the two. In other words, vertical integration of the whole 
process is important, whether it's in a developing or developed world context. In this regard 
we also see, particularly in terms of our partner country activities but also in Australia, the 
need to consider everything that is done in a socioeconomic context. 

Those involved in life science work tend only to bring in the social scientist after the 
event to do economic analyses of projects as salvage operations, so to speak, to determine 
whether the research really has a good cost-benefit equation. I think, using today's jargon, 
that ex ante work is seen to be of equally great importance to such ex post studies, not only 
in terms of, if you like, dry economics, but also in terms of socioeconomics. We believe this 
requires a multidisciplinary approach and again it is pleasing to see that reflected in the 
subject matter at this conference. 
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In tenTIS of specifics and what Dr Son that has already identified as the general objectives 
for your meeting, there have been three issues that are seen as important for our 
organisation. One of those is the need for consensus on the development of generic 
protocols for disinfestation treatments of tropical fruits. One of the features one sees very 
often is the need to do individual pieces of research for each country within the region if 
those countries wish to trade with one another in perishable commodities. 1l1ere is scope 
for rationalisation and generation of what could be called generic protocols and more 
strategic research is required to achieve this. This would still be done to satisfy the 
quarantine requirements in international trade, but would simplify the process. 

The other thing of course is to ensure that there is very strong collaboration between 
countries in regions where there are trade advantages and complementarities in the 
production of commodities. A good example in the Australian context would be the fact 
that our seasons are the opposite as a southern hemisphere country. In Thailand, in the 
northern hemisphere, and where you have products produced over a limited period, we can 
complement each other in the markets we are targeting and have those products available 
for a longer period even a year-long period of supply. The year round complementarity 
means also that collaboration in research can provide for a considerable acceleration in 
opportunities to complete specific investigations. 

The third area and the last that I will mention is that we see it appropriate in the context 
of perishable commodities to go beyond fruit to vegetables, tropical vegetables are of great 
importance as you can see when you go to the markets. 

In conclusion, I wish you a most successful meeting. Thank you. 
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Keynote Address 

LET me begin by again welcoming, on behalf of the Department of Agriculture, all 
participants in this international Conference on the Postharvest Handling of Tropical Fruit. 
I am delighted to see so many people here from so many parts of the world, which surely 
reflects the importance of the topic of our conference. 

Tropical fruits, ladies and gentlemen, are exciting products with exciting market 
prospects. I believe - if you'll excuse the hint of a pun - that the time is ripe for tropical 
fruits to fulfil their untapped potential on world markets. 

in this part of the world, we have, for the most part, overcome problems in staple food 
supply and there arc food surpluses. Domestic consumers arc widening their food horizons. 
Farmers and traders are looking for crops that will yield extra cash and further improve 
their standards of living. Fruit is one such crop. 

In other parts of the world, disposable incomes are also rising and consumers are 
becoming more sophisticated, adventurous, and discriminatory in their food preferences. 
They are now much more likely to want to savour the delights of a rambutan or mangosteen 
than they were 20 years ago. It is truc that the current worldwide recession and other factors 
have affected global trade in agriculture, but I believe this is a temporary setback and we 
need to be ready to go when the world economy starts to grow again. 

So, in tropical fruit we have a product with enormous market potential. You will see as 
you preview the next few days' events in your conference handbook, that most of the 70 or 
so papers to be presented at this meeting will be addressing the technical problems that 
impede the fulfilment of the untapped potential of tropical fruits on world markets. 

The postharvest handling of tropical fruit presents many technical problems, most of 
them deriving from the inherent attributes of the commodity. There are fundamental 
differences between temperate and tropical fruits. Temperate fruits such as apples and 
oranges are relatively easy to store and transport. Indeed, nature designed them for storage 
insofar as they have usually evolved as structures to protect overwintering seeds. Tropical 
fruits, in contrast, have evolved to decompose quickly after maturity in an environment 
where there is generally no impediment to immediate seed gennination. 

Thus, to be able to usc economical means of surface transport to get tropical fruit to 
distant markets - say to Europe from Thailand or Australia - we need some technical 
tricks if the end consumer is to receive a good quality product and value for money. We 
need to remember at all times that export tropical fruit is a high value, high price 
commodity. For a citizen of, say, Glasgow, Scotland, buying a piece of fresh tropical fruit 
is likely a very significant purchasing decision. If the product does not fulfil our 
Glaswegian's expectations, it may be a decision never again entertained. 

If we are to fulfil untapped markets for tropical fruit we must focus on a capacity in our 
handling systems to reliably deliver a quality product that meets market expectations. You 
will encounter this theme of quality and reliability in many of the papers presented at this 
conference. 

The technical knowledge that we need for successful postharvest handling of tropical 
fruits spans many disciplines - chemistry, pathology, biochemistry and physiology, 
engineering and, most recently, molecular biology. So this is very definitely a 
multidisciplinary endeavour. All of these disciplines are covered in the papers we are to 
hear over the next few days. First, however, the scene will be set in a series of presentations 
examining social, economic, and political issues, the importance of quality, and regulatory 
aspects of international trade in tropical fruit. We will also have an assessment of the 
returns that we can expect from investment in postharvest tropical fruit research. These 
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papers are being given by specialists from many different parts of the world, and will give 
us, I am sure, a broader perspective on the challenges in this field. 

Before closing I want to mention a point that is perhaps so obvious that it is liable to be 
overlooked. This is the comparative advantage that we tropical countries have in marketing 
our fruit products. Unlike many other agricultural commodities, we are usually not 
competing with European or American fanners in selling our fruit, or with governments 
protecting their fanners. 

We must continue to capitalise on this advantage. We must also continue to capitalise on 
the mutual benefits of collaboration in postharvest research and development on tropical 
fruits. As I have already mentioned, there are fundamental differences between tropical and 
temperate fruits, such that we cannot simply transpose to our commodities temperate fruit 
research results. So wc have had to start from scratch in deternlining the characteristics of 
our commoditics. 

The collaborative research programs involving my Department and other institutes in 
Thailand and rescarch groups in Australia, for example, are of great assistance in 
accelerating our progress up a steep learning curve. They are founded on a rccognition of 
mutual scientific and trade benefits, and we are working together to deliver products of 
reliable quality that will build consumer confidence and promote wider markets. In 
collaborative research between my country and Australia, there are few commercial 
conflicts because our seasons are staggered. Indeed, our collaboration opens up 
opportunities, through commercial agreements, to provide near year round supplies of fruit 
to distant markets such as Europe. 

Quarantine regulations, principally against various fruit flies, are an impediment to the 
growth of world trade in tropical fruits. This issue is being tackled on a number of fronts. 
On the technical side, recent research has shown that all fruit fly species respond similarly 
to disinfestation treatments, raising the possibility of a generic approach to postharvest 
quarantine disinfestation requirements. This would seem to be a worthy topic for further 
international research collaboration. The acceptance of generic quarantine schedules 
would bring significant benefits, not the least of which would be the possibility for 
hannonisation of quarantine procedures relating to fruit flies in horticultural produce and, 
consequently, a further freeing up of trade. 

Ladies and gentlemen, I wish you a very successful and productive conference on a topic 
that you can see has strong economic and commercial aspects as well as technical ones. The 
full program before you indicates that the conference will certainly be a busy one. Thank 
you. 
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Conference Summary and Recommendations 

THESE proceedings publish the 31 invited and 53 contributed poster papers presented at the 
International Conference on Postharvest Handling of Tropical Fruits, held in Chiang Mai, 
Thailand on 19-23 July 1993. They also include summaries of the various conference 
sessions, and of a number of workshops on specialist topics, organised as part of the 
conference program. 

The conference was sponsored by the Department of Agriculture (Thailand), Chiang Mai 
University, the ASEAN Food Handling Bureau (Kuala Lumpur), and the Australian Centre 
for International Agricultural Research. It attracted some 260 participants from 23 
countries. 

Conference objectives were: 

• to review key technical infom1ation relevant to the postharvest handling of tropieal 
fruits; 

to define the impediments and pitfalls in successful handl ing, transportation, and 
marketing of tropical fruits, both for export and domestic markets, and to review possible 
solutions; 

• to provide a platfonn for the communication of current research, and to foster 
professional contacts that will minimise duplication and maximise collaboration in 
future research; and 

• to publish and disseminate the content and ideas generated at the conference. 

Attainment of the first three of these objectives was assured by the comprehensiveness 
of the conference program, the range and quality of the presentations made, and the 
enthusiasm with which participants contributed to discussion sessions. These proceedings 
fulfil the final objective. 

In the final session of the conference, following presentation of workshop reports and 
general discussion, the following recommendations were adopted. 

I. That a multi-sectoral approach to R&D be adopted, so that research agencies together 
with the private sector are involved in jointly funded studies. 

2. That a multidisciplinary approach to tropical fmits R&D be adopted. 

3. That the commodity focus of R&D be on high-value fmit, and the marketing focus be 
on sea movement of tropical fmits. 

4. That work be initiated to develop generic disinfestation procedures to meet the 
requirements of major fruit-importing countries. 

5. That a mechanism for continuing and enhanced exchange of inforn1<ltion on technical 
issues and market development be established. 

6. That sustainability in R&D work be a matter of concern in developing countries. If 
trends in other countries are mirrored in Asia, the amount of government funds for 
horticultural research will decline. To offset this decline, the private sector will need to 
be financially involved and mechanisms for such involvement need to be developed. 

Participants contracted to vigorously pursue these objectives on return to their respective 
countries, institutes, agencies, and companies. 
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Overview of the Problems 



Tropical Fruits: the Social, Political, and Economic Issues 

Alex Buchanan* 

Abstract 

Most tropical fruits, apart from bananas and pineapples, used to be grown mainly in home gardens and small
holdings for local consumption, Recently, many new tropical fruit export markets have oeen developed through 
large-scale production in plantations, improved technologies, longer storage life, improved marketing, improved 
prices for tropical fruit, and changing food habits. 

This has been stimulated oy government support in many prosperous, newly independent tropical countries. 
Processing technologies haY<: enahled the development of new markets for fruit juices and improved posthar

vest technologies arc allowing new markets for fresh tropical fruit to be developed. 
New outkts for tropical fruit arc being stimulated by tourism in tropical countries, increasing inl'llmes and a 

trend towards healthy eating. 
The growing demand for 'clean' food free of additives and pesticide residues, creates a marketing opportunity 

which should be considered by tropical fruit producers. 

UNTIL recently, most tropical fruits were grown primar
ily in home gardens and smallholdings for local con
sumption, This has changed in recent years because 
improved processing technologies, longer storage life, 
better storage facilities, and better transport systems 
have allowed more distant markets to be developed. 
With this has come the development of large-scale pro
duction in plantations, improvcd marketing, increased 
exports and various forms of government support for 
tropical fruit production, marketing, and research and 
development. 

Improved technologies which have been developed in 
recent years have had an important role in enabling these 
changes to take place, These technologies will be dis
cussed in more detail by other speakers at this confer
ence, but it should be acknowledged at the outset how 
important has been the contribution of technological 
development in triggering the social and economic 
changes. The technological advances have included 
those in: 
• identifying the optimum conditions for postharvest 

handling of different types of tropical fruits; 
• refrigeration for cooling and chilling fresh fruit as 

well as for chilling and freezing processed fruit and 
juices; 

• modified atmosphere packaging (MAP) and con-

* Editor, ASEAN Food Journal, 7 Power Street, Hawthorn, 
Victoria 3122, Australia. 
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trolled atmosphere packaging (CAP), for prolonging 
storage life; 

• airfreight, albeit high in cost and of limited capacity; 
• packaging developments; 
• irradiation, pesticides, integrated pest management, 

and other methods of pest control and improving 
quality and postharvest storage life. 

• ultrahigh temperature (UHT) processing, aseptic 
packaging, and 'bag-in-box' technology, particularly 
for fruit juice and concentrates; 

• fruit drying; and 
• development of purees, extracts, and essences for usc 

in other processed foods, 
The impact of these technological advances has been 

limited by tariffs and non-tariff barriers to trade, partic
ularly quarantine barriers. 

Processing 

In the early twentieth century, pineapple was the only 
tropical fruit used for large-scale commercial process
ing, Large-scale, efficient canning facilities were devel
oped in Australia, Malaysia, Philippines, Thailand, and 
other countries. Large-scale plantations were estab
lished to serve these canneries, 

Canning technology, also used for the large-scale 
canning of temperate fruits such as peaches, pears, and 
cherries, was easily extended to the canning of Iychees, 
rambutans, mangoes, and other tropical fruits, In 1990 in 



Thailand, 90% of canned fruit production was pineapple 
and the rest longan, rambutan, Iychee and others. Output 
grew from 215452 t in 1985 to roughly 420000 t in 
1989 then dropped to 404000 t in 1990 (Bhumiratana et 
al. 1993). 

TIle largest canned fruit market in the region is Japan, 
where the demand has remained stable over recent 
years. However, domestic fruit production declined 
34% between 1980 and 1990, so imports have increased 
(Table I). 

Japan also imports preserved mangoes, guavas, man
gostccns. avocados, bananas, and fruit juices and mar
kets for these are expected to continue to expand. 

However. fruit canners will necd to be aware of the 
strict quality control operating in Japan. Even the quality 
of the can itself is important in the Japanese market. One 
supermarket chain refuses to handle cans with paper 
labels because cans with tom labels arc rejected by con
sumers as defective products, as are dented cans. 

Fruit Juices 

More recently, new technology has allowed the devel
opment of widespread markets for fruit juices. The 
market for orange juice has led to the development of 
markets for a wide variety of other juices, including 
tropical fruit juices and purees, each with their special 
problems in marketing and technology. For example, 
Chan and Ramanajaneya (1992) at the United States 
Department of Agriculture (USDA) Tropical Fruit and 
Vegetable Research Laboratory in Hawaii improved the 
quality of aseptically processed 'bag-in-box' packaged 
papaya puree but could not inhibit thc browning reac
tion. Soponronnarit et al. (1992) refined the method of 
drying papaya glace in a cabinet dryer. Hodgson et al. 
(1990) developed a simplified process to produce guava 
juice concentrate. 

World trade in tropical fruit juices, concentrates, and 
pulp has expanded rapidly in recent years, with world 
trade in fruit juices increasing fourfold between 1977 
and 1988. A sophisticated passionfruit juice concentrate 
plant was recently established in Sabah (Anon. 1993d). 

Kortbcch (1990) expected the increase in world trade 

Table 1. Imports (I) of canned fruit into Japan 

Fruit 1986 1987 1988 

Pineapple 18424 19847 21627 
Peaches 38510 39866 46626 
Pears 4751 5929 6046 
Apricots 2609 2800 3542 
Cherries 1339 1401 2945 
Mixed 7481 7507 9802 
Total 73114 77350 90588 

Source.\: Tradescope (1992a b) and Japan Statistical Yearbook (1992) 
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in fruit juices to continue. The major exporters are 
Brazil, Mexico, Morocco, Philippines, Thailand, Belize, 
Chile, Kenya, and Turkey. The five largest import mar
kets for fruit and vegetable juices and concentrates in 
1988 were the USA, Germany, the U.K., the Nether
lands, and Canada. 

Changing consumer preferences are having an impact 
on the market, as increased awareness of health issues 
leads to increased consumption of fruit juices and other 
'natural' products. The main outlets are in beverages 
and dairy products. Other outlets include bakery prod
ucts, baby food and jelly. Kortbech (1990) considered 
the prospects for the industry to be good. particularly in 
the light of current health consciousness. 

In Thailand, fruit juice consumption is still increasing 
at about 20% per annum (Table 2) The Thai fruit juice 
market is valued at US$39-47 million a year and is 
expected to grow by some US$780 000 annually and 
mature in 2-3 years according to Simon (1993) He 
attributes the expansion to changing lifestyles and 
growing health awareness in the country. Nevertheless, 
the current level of 1.64litres per head per annum is still 
way below the 5.7litres in France and a massive 32litres 
in West Germany (Brunet and Porter 1991). 

Table 2. Fruit juice consumption in Thailand 

1989 1990 1991 1992 

Sales volume (million L) 54.0 66.4 77.8 95.6 
Population (millions) 55.4 56.3 57.0 58.0 
Per capita consumption 0.97 1.18 1.37 1.64 
Consumption rate growth +21% +16% +20% 

Source: Dislribution and Production Control Division, Ministry of 
Finance. Thailand. in Ilhumiratana et al. (I ')9.1). 

Social Issues 

The market for tropical fruit is increasing rapidly in 
many countries because of increasing tourism and 
incomes and the trend towards healthy eating. 

The rapid growth in air travel and tourism in recent 
years has seen many potential customers becoming 

1989 1990 1991 1992 

24941 53283 66515 60934 
47075 37545 54737 52900 
5726 6243 6819 7669 
3085 -' 228 3 CX)O 3602 
4065 355,8 3228 5164 
9401 9155 11834 13380 

94293 113299 146133 143649 



familiar with tropical fruits. European. American, Aus
tralasian and Japanese tourists arc being introduced to 
the joys of fresh tropical fruits. When they return to their 
traditional breakfasts of rice porridge, oat porridge, com 
flakes, or even muesli with dried tropical fruit in it, they 
become nostalgic for the exotic and delicious fruits they 
experienced on their visits to the tropics. 

Others are finding that Cavendish is not the only 
variety of banana. This is leading to increasing markets 
in Hong Kong, Japan, and other countries for more deli
cious varieties such as the one known as 'pisang mas' in 
Malaysia, 'senorita' in the Philippines, or 'monkey' 
banana in Japan. Esquerra et al. (1992, 1993) have 
shown that some of the more exotic varieties can be 
exported to distant markets with a reasonable shelf life 
with improved eating quality. 

In Europe, the consumption of tropical fruits 
increased from 7.8 to 10.8 kg per capita between 1983 
and 1986 according to Arope (1992). He noted the same 
trends in Malaysia where papaya consumption increased 
from 2.7 to 3.8 kg per capita from 1985 to 1988 whilst 
carambola consumption doubled from 0.2 to 0.4 kg per 
capita over the same period. 

Throughout the world there is a dramatic trend 
towards healthier eating. Consumers around the world 
are far more conscious and knowledgeable about healthy 
diets and arc substantially changing their diets. Fruits in 
general arc accepted as being rich in vitamins, minerals, 
and dietary fibre and therefore as essential ingredients of 
a healthy diet. This image is good for the industry and 
has the advantage of being true. Most would agree with 
Proctor (1990) that the wide interest in healthier eating 
will lead to increased consumption of all fru it and that an 
increasing proportion of this will be tropical fruit. 

Integrated Pest Management 

In many markets there is scope for the marketing of fruit 
which is considered to be organically produced (Marte 
1989), or at least free of pesticide residues. This is a 
marketing opportunity for the producers of tropieal fruit. 
The biological control of pests and 'integrated pest 
management' (lPM) should be viewed as not only a 
method of controlling costs of production and posthar
vest handling of tropical fruit. It should also be seen as 
a marketing tool to gain a premium from environmen
tally conscious customers. 

Marketers of tropical fruit could find that it is feasible 
to develop IPM programs and an IPM certification 
system to capitalise on this growing market, not just in 
Europe and the USA, but also in Asia. where food 
industry leaders are predicting there will soon be a big 
rise in consumerism and awareness of environmental 
considerations (Buchanan 1993). 

The more prosperous countries of Asia arc expected 
to leapfrog the rest of the world with their growing con-
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sciousness of environmental matters. Thus there could 
be a marketing advantage in developing an internation
ally recognised IPM certification system. Consider the 
parallel case of the American Earth Island Institute (EIl) 
which certifies companies for dolphin-friendly fishing 
methods. Due to consumer demand, this certification 
has become, in practice, a requirement for the marketing 
of tuna (Anon. 1993b). 

Quality Control 

The Queensland Department of Primary Industries 
identified high priorities for future research and devel
opment as the development of quality management sys
tems, identification of causes for consumer satisfaction 
with internal qual ity. and development of cost-effective 
systems for long distance sea transport. Education of 
growers in postharvest handling and marketing was 
regarded as essential for the results of Rand D to be 
effectively utilised (Ledger 1991). Even for the very 
tolerant local market in Australia, they found fruit qual
ity was a limiting factor to market expansion. For 
example, over 40% of avocado consumers surveyed 
could recall a bad purchase and 53% reported that avo
cados were unsatisfactory when served. Less than 2% of 
Australia's avocado production is exported but market 
opportunities were identified in Europe from April to 
November iffreight costs could be contained and quality 
assured. 

In summary, marketing opportunities for fresh tropi
cal fruit are available but quality must be improved and 
costs must be controlled. 

Political Issues 

Until recently, pineapples and bananas were regarded as 
the only tropical fruits with potential for export and 
large-scale development. Other tropical fruit were 
grown primarily in home gardens and in smallholdings 
for local consumption. 

Governments regarded other tropical fruits as useful 
in the local diet and a source of supplementary income 
for smallholders (Arope 1992) but not as having serious 
potential for developing export income. This has now 
changed. 

The Malaysian Government now encourages the 
large-scale cultivation of fruits through various tax 
incentives and special loans (Basri 1989). They are 
planning to increase the cultivated area for fruits in 
Peninsular Malaysia from 121 529 ha in 1986 to 263 000 
ha by the year 2000 (Punan et al. 1991) 

Arope (1992) claimed that the government-owned 
Malaysian Airlines has a special commodity rate for 
fruit consignments, lower then the rate applying to tex
tiles and footwear, resulting in a subsidy of M$3.9 mil
lion p.a. 



In Thailand, the government is cooperating with the 
private sector in promoting expansion in exports of fruit, 
which has been considerable in recent times (Subhadra
bandhu 1992). 

Economic Issues 

Agricultural commodity prices have generally been 
steadily decl ining, relative to other prices, for the past 20 
years, but over the same period, tropical fruit prices have 
been rising. So with improved priccs and improved 
technologies we have seen big plantation companies 
diversifying into the fruit industry. In Malaysia, for 
example, Guthrie. Golden Hope. Asiatic Development, 
Perlis Plantation, Sime Darby, and scores of government 
agencies such as the State Economic Development 
Corporations have gone into large-scale planting of 
mangosteens and bananas (Arope 1992). 

Large scale cultivation of carambola has developed 
over recent years with new markets being developed in 
Europe and the Middle East, supplementing Malaysia's 
traditional export markets in Singapore and Hong Kong. 
Exports of 13022 tonnes in 1988 were expected to 
increase to 20000 tonnes in 1992 (Wahab et aI, 1989). 
The Malaysian Ministry of Agriculture recently identi
fied 15 types of fruit as suitable for large-scale produc
tion, including durian. mango, rambutan, mangosteen, 
papaya, banana, and carambola. 

In Indonesia. 2000 ha in West Java have heen allo
cated this year for a tropical fruit plantation, to expand 
cultivation of durian, rambutan, pineapple, orange, 
mango, banana, mangosteen, and lanseh (Anon. 
I 993a). 

Fruit production in Thailand increased from 58.8 
milliun tonnes in 1981 to 75.1 million tonncs in 1987. 
with export value increasing over the same period from 
29.75 to 63.9 billion baht. 

Tables 3-5 show that the overall production of the 
large-volume tropical fruits (hananas, mangoes, and 
pineapples) has increased steadily for the past decade 
but there have been no dramatic increases in production. 
India and the Philippines have maintained their posi
tions as the dominant producers of bananas. 1 ndia con
tinues to produce about 60(1< of the world's mangoes, 
but the Philippines is the \cading exporter. In Thailand, 
pineapple production has decreased. but that country 
still dominates pineapple production in Asia. Thailand 
produces as much pineapple as Latin America and more 
than all of Africa. 

Trade with Japan 

The largest food importer in this region is Japan. The 
Japanese market is 35% larger than the nine next largest 
fond import markets in the region put together (Table 
6). 
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Tahle3. Production of bananas in the Asia-Pacific region 
('000 t) 

I 979-1lI 1990 1991 1992 

Australia 126 165 203 19H 
China 296 I 657 2177 2200a 
India 4403 6734 6400" 6649a 
Indonesia 1886 2411 2472 2530" 
Malaysia 452 505 50')" 510" 
Philippines 400(, 2 913 2 951 3 900" 
Thailand 1550 1613" 1620" I 630" 
Oceania I OR3 1419 1459 1490 
PNG 904 1200" I 200" 1242" 
USA 2 5 5 5" 

World 37087 47 on 47953 49672 

Sourrc: r AO (1993) 
a FAO estimate 

Tahle4. Production of mangocs in the Asia-Pacific 
region ('000 t) 

1979-81 1990 1991 1992 

Australia 2 12 1.1" 14" 
China 291 463" 505'-1 630" 
India 8365 9500" 9700" 9 890a 

Philippines 369 338 306 30S" 
Thailand 509 614" 614" 615" 
Oceania 10 19 21 22 
USA (, 9 J3 9" 

World 13597 16045 16592 16844 

Source: FAO(IC)C)1) 
J FAO estimate 

TahleS. Production of pincapples ('000 t) 

1979--81 1990 1991 1992 

Australia 124 126 142 145" 
China 299 697 92.1" I 008" 
India 548 7'1',7 800" 820" 
Philippines 861 I t56 I 171 I 170 
Thailand 2857 I 865 1931 I 900a 

USA 597 522 50-1 500" 
Latin Arnnica I 584 2254 2 1-14 2200 
Africa 854 988 997 1040 

World 8978 9980 10183 10384 

Source: ~AO t 1~0') 
~t FAG estimah: 

The demand for fresh fruit in Japan is not growing on 
a volume basis. The same is true of fresh fruit imports. 
Although demand for sOllie tropical fruit is growing 
rapidly, consumption volumes relllain so small that 
ovcrall demand for tropical fruit is not affected. The 



major tropical fruit imports are bananas (84%) and 
pincapplcs (14%), for which the demand remains 
unchanged (Tradescope 1991). 

However, the Japanese like delicious and exotic trop
ical fruit very much (Kitagawa et al. 1990; Kitagawa, 
these proceedings). [n the early twentieth century, fruits 
were purchased by wealthy people as ornaments or gifts, 
like !lowers, rather than as food. This custom continues 
in Japan. The gift market covers both fresh and canned 
fruit, as it does in other parts of Asia. 

Table 6. Food imports in 1990 (US$billion) 

Japan 
Hong Kong 
Taiwan 
South Korea 
Singapore 
Malaysia 
Australia 
Thailand 
Indonesia 
Philippines 

Source: White (1992) 
a processed food only: b 1989 only: C 1988 only 

28.2 
4.6 

4.2a 
3.2 
2.4 
1.7 
1.4 
1.3 

1.0b 
0.7c 

In Japan, you will see various kinds of fruit in gift 
baskets and beautifully decorated boxes being sent to 
respected persons, friends and sick people. For this pur
pose, fruits should be excellent in external appearance, 
and this is why size, colour, and overall fruit quality are 
so important to the fruit trade in Japan. The custom per-

Table 7. Imports of tropical fruits into Japan COOO t) 

1986 1987 1988 

Bananas 765 775 760 
Philippines 620 570 600 
Ecuador 57 80 70 
Taiwan 82 lOS 85 
Others 5 17 5 

Pineapples 145 145 138 
Philippines 140 136 130 

Papayas 4.0 4.3 5.2 
USA 4.0 4.3 5.2 

Mangoes 3.7 5.6 5.3 
Philippines 2.8 4.3 4.2 
Mexico 0.1 1.2 1.0 

Avocados 2.9 5.2 3.4 
USA 1.8 4.7 2.5 
Mexico 1.1 0.5 0.9 

Total 920 935 912 

Source: Japan Statistical Yearbooks (1986-1992) 
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sists and, as such, the Japanese buy disproportionately 
expensive fruit relative to their income. They distin
guish fruit from other foods. 

To the Japanese, eating fruit is a luxury similar to the 
consumption of alcoholic drinks. Kitagawa et al (1990) 
describe it as quite common for one family to divide a 
single apple after dinner, peeling and cutting the fruit. 
So an apple should be large and of good appearance 
besides having good eating quality. Rare and exotic fruit 
can be sold for very high prices, but if the fruit has lost 
its rarity, the price goes down and consumption may 
even decrease. 

So the demand for tropical fruit other than banana and 
pineapple is expected to increase as the diversification 
of eating habits progresses and interest among restau
rants and up-market fruit shops grows, according to 
Tradescope ( 199 I ). 

The imports of the main tropical fruits are shown in 
Table 7. Almost all the pineapples and most of the 
bananas and mangoes come from the Philippines. Their 
papaya comes from the USA, all from Hawaii. The USA 
and Mexico supply all Japan's avocado requirements. 

European Community Market 

The European Community (E.c.) market for tropical 
fruit has more than doubled since 1983 especially for 
pineapple, avocado, mango, and papaya. There is also 
considerable interest in what Proctor (1990) calls the 
minor tropical fruit such as Iychee, carambola, passion
fruit, guava, mangosteen, and physalis. These minor 

1989 1990 1991 1992 

774 758 803 777 
620 585 587 547 

85 125 135 152 
62 33 54 66 

7 14 27 12 

135 t28 137 127 
130 124 135 125 

5.7 5.4 5.3 5.2 
5.7 5.4 5.3 5.2 

6.0 5.5 6.9 8.1 
4.7 4.3 5.S 7.3 
1.2 1.2 1.0 0.7 

2.7 2.2 2.7 3.6 
1.7 0.9 1.0 2.2 
1.0 1.3 1.6 1.4 

924 899 955 921 



tropical fruit are a subject of increased consumer interest 
and curiosity; and for many the market is expected to 
increase rapidly over the next few years. Proctor (1990) 
suggested that the characteristics which should be taken 
into account when evaluating alternative tropical fruit 
for U.K. markets arc: 
• small to medium size or weight; 
• long season of supply. preferably all year; 
• easy to eat and prepare; 
• multipurpose culinary usage; 
• interesting colour or shape characteristics; 
• long storage life; and 
• ease of post-ripening handling. 

Factors influencing the demand include increased 
consumer purchasing power, product promotion, con
sumer education and above all, the increascd availabi! ity 
and access to, well-presented quality fruit. 

Iso and Hamilton (1990) identified 10 tropical fruits 
and nuts with the potential to increase their share of the 
market as carambola, durian. lansone. mangosteen, 
peach palm, pili nut, pulasan, rambutan, sapodilla, and 
soursop. 

In many E.C. C()untries, particularly in the U.K., the 
share of the fruit trade held by the supermarkets has 
risen spectacularly (Table 8) 

Table 8. Distribution channels for fruit in the U.K. 

Supermarkets 
Greengrocers 
Market stalls 
Others 

Souft'e: Henderson (1989) 

1976 

22 
37 
25 
16 

% share 
1987 

49 
28 
17 
(, 

Chilvers (1987) noted that the U.K. market for exotic 
(tropical) fruits was expanding rapidly when the fresh 
fruit market as a whole was showing very limited 
growth. Exotics have become the main hope for further 
expansion and diversification. He analysed the demand 
and prospects for 32 individual exotics through to 1995, 
outlining opportunities arising from seasonal gaps in 
supply and from market growth, then advised on market 
opportunities for suppliers of exotic fruits. 

Verhaegh (1991) showed that Dutch imports offresh 
tropical fruit increased strongly in the 1980s and con
cluded that the market remains a promising one. French 
imports increased slightly in 19X9 because of increases 
in avocado, mango and pawpaw shipments (Guinchard 
1990), maintaining: the 25% increase in consumption of 
tropical fruits between 1980 and 1988 (Durand 19S9). 

The trend is the same in the newly emerging: countries 
of Southeast and East Asia, with supermarkets becom
ing important distributors of all fruits. 
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Transport Costs 

Ahrens (1990) pointed out that in many export markets, 
the transport of the product accounts for over half of the 
retail price. Appropriate transportation may not be 
available at all for tropical fruit with high respiration 
rates, rapid deterioration, and susceptibility to chilling 
injury. Air freight is expensive but also is often not 
available during the peak of the season. The airlines will 
quote much reduced prices for quantities over 500 kg 
and will negotiate cheaper rates to destinations where 
there is spare capacity. For example Parkes (19R7) 
quoted Qantas rates of A$6/kg from the U,S. west coast 
to Austral ia but only A$I.50/kg for primary produce in 
the opposite direction. As a result, fresh fruit and vege
tables comprise Australia's main export items by air. 

Subhadrabandhu (1992) fl'Dorted that most Thai fruit 
exports are shipped by PJss~nger aircraft but the space is 
limited anc! available only from a few airline companies. 
TIle freight charges were described as 'high', but the 
prospects for export expansion as 'bright'. 

Nevertheless, improved technologies have enabled 
producers to extend the limits of their export markets 
(Bagshaw 1991; Chaplin et al. 1991; Esquerra and 
Lizada 1990; FAO 1990; Jordan 19R9; Newell 1989; 
O'Connor et al. 1992; Onnop et al. 1988; Sankat and 
Balkisson 1992; Seow et al. 1991; Tjiptono 1993; 
Tongdee et al. 1990; Tongdee and Suwanagul 1989; 
Wills 1990; Wills et al. 1988; Yuen et al. 1993; Yuniarti 
1993; Yuniarti and Suhardi 1992). For the ASEAN 
countries, the traditional markets in Hong Kong, Singa
pore and Malaysia have been extended to include Japan, 
Brunei, the Middle East, Europe and North America. 

Taiwan 

Lin (1992) reported fruit production in Taiwan steadily 
increased between 1945 and 1988. from 6.4[1f; to 35.SCIr. 
oj' total agricultural crops, with planting increasing from 
18220 ha to 214025 ha. In recent times, production has 
shifted away from bananas and pineapples to high unit 
value crops sllch as wax apples, grapes, and oriental 
pears. They also grow guavas, carambola and mangoes. 

Taiwan fruit exporters are now set to enter the U.S. 
market, following the U.S. Department of Agriculture's 
recent approval of the first shipment to pass its quaran
tine inspection, after solving their problems with fruit 
fly and other diseases. The first five tonnes of mangoes 
are to be exported in July and will probably be followed 
by consignments of peach, papaya, Iychee and wax fruit 
(Anon. 1993c) 

Korea 

South Korea has the potential to be a significant market 
for tropical fruit exporters but they will not be pleased 



that for the first 10 months of 1992, banana imports were 
cut by about 60% compared to the previous year, to 
US$76.5 million (Anon. 1993c) 

North America 

Sood (1989) reported on a detailed study of the U.S. 
market for bananas and other fresh fruit for the period 
19~0-87. There was an inerease in consumption of 
fresh as well as processed fruit during the period. Even 
then. interest in nutritious food was a contributing 
factor. as was the ageing of the population. Although 
imports doubled in five years. they represented only a 
small percentage of the U.S. fruit market. The main 
opportunities for fruit imports occurred outside the sea
sons for locally grown fruit, or when the climate pre
vented a good harvest of local fruits. The distribution of 
I"resh fruit in the USA was found to be very efficicnt. 
Sood (19~9) found only about half the final cost due to 
transport, storage and marketing. 

Figucroa and Echeverri (1990) survcyed NOr1h 
American produce importers in the autumn of 1988. 
They expect demand to increase and found that more 
information regarding nutrition and culinary uses of 
tropical fruit would enhanee that demand. Price and 
advertising can also affect the demand. 

Ledger (19~9) found that in the U.S. market. fresh 
fruit and vegetables are the number one reason why 
consumers select a particular grocery shop. TIleY are 
interested in a diverse range of products, which has 
spurred the growth of 'exotics'. The rise in demand for 
'exotics' is a result of the growing popularity of ethnic 
cooking. consumer desire for greater variety of fruit and 
vegetables. the growth in llispanic and Asian pOpUL1-
tions. as well as strong promotion of ·exotics'. 

The retail industry is dominaled by grocery chains 
(with more than ten outlets) but about 40% of fruit and 
vegetables in the U.S. are used by the food service 
industry. 

In the U.S. and Canadian markets, Caplan (1990) 
attributed her company's success in marketing tropil'al 
fruit to: (I) the variety of items available; (2) branding: 
and (3) aggressive marketing. However, she attributed 
the overall success of tropical fruit in general in the 
North American market to the growing health con
sciousness of adventurous consumers, for whom price is 
no longer a barrier to moderate volume. 'Tasly, high 
quality tropicals are just the hook that many retailers in 
the United States feel they need to "bait" sought after 
customers' . 

Morton (19<)0) listed jackfruit. breadfruit, plantain 
banana, egg fruit, and akee as tree fmits important in 
certain areas of the world but under-exploited or 
totally unknown elsewhere, for which further markets 
could be developed. Durian is another obvious possi
bility in this category (Mohamed 1990). Herein is an 
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opportunity for innovative food processing and market 
development. 

Finally, the primary intluence in expanding world 
trade has undoubtedly been the availability of quality 
produce and improved shelflife, with the extension of the 
time for which that quality can be maintained, so essen
tial for the distant premiullllllarkets being targeted. 
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Quality Assurance: a Total Approach 

c. Bunt and M. Piccone* 

Abstract 

Commercial fmit production is part of the food manufacturing industry. For protagonists in this industry to be 
profitable and continue to he viabk they must satisfy several objectives. These include the following . 
• Ensuring that the end customer is satisfied in terms of service, product price, and quality. Producers and mar· 

keters must continually respond to - and meet their end customers' expectations . 
• Business operations need to be run efficiently and cost-effectively. The markL'l will only ever pay a certain 

price for fresh or processed produce, dependent on supply and demand. To maximise profit. a business must be 
as cost-effective and non-wasteful as possible. Production and handling cost reductions in it static market-place 
can often be the diffcrenee between making a profit or a loss. 
In order to meet these and other objectives, quality assurance (QA) as a management and marketing tool has 

become an integral part of commercial fruit production in a wide range of crops. The emphasis in this paper is that 
a QA program, to be truly successful, must incorporate all facets of a production and distrihution chain. To not do 
so means running the risk of having dissatisfied customers, as well as incurring unnecessary costs and wastage. 

THE horticultural industry has unique characteristics, 
including susceptibility to weather and, orten, seasonal 
production. The evolution of QA in horticulture has 
been in response to the apparent need fur greater control 
of both production and marketing activities. As such, 
QA can be seen as a catalyst for change. However, it is 
critical that this change be carefully managed. 

QA involves the product, services, processes, and 
people. It is a planned and systematic integration of all 
thcsc business components (Fig. I). 

This paper examines the effect of variability in horti
culture and the industry's role as a food manufacturer. 
The paper looks at the evolution of quality assurance 
(QA) and the role of quality standards. It assesses the 
critical clements necessary to successfully implement 
quality programs and pitfalls that must be avoided. 

Quality Assurance and Its Relevance to 
Commercial Horticulture 

QA had its origins in the heavy industrial manufacturing 
sector, most visibly successful in Japan after World War 
II. It began with the usc of statistical techniques to 
measure and therefore control variability in production. 

* Piccone Horticultural Consultancy Pty Ltd, PO Box 1393, 
Townsville, Queensland 4810, Australia. 
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It is the term \'(Jriabilitv that is the key to under
standing QA. QA practitioners accept that variation is 
present in all aspects of our lives and work. This con
cept is particularly true in horticulture. The vagaries of 
nature, differences in growing techniques, and the likely 

Product 

Service Processes 

People 

.Figure 1. Quality assurance: a planned and systematic inte
gration 



range of postharvest handling conditions create equal 
variation in the quality of the product, i.e. the packaged 
fruit or vegetable. Additionally, givcn that horticultural 
production and marketing are often loosely structured 
and seasonal there is also wide variability in peoplc 
performance, product knowledge and, essentially, com
mitment to a business or product's commercial suc
cess. 

In a marketing sense, QA assures customers that they 
can purchase a product with confidence, knowing that it 
will meet a/l their expectations for that product. QA is 
concerned with building and maintaining a product's 
reputation. 

In a production or manu/iIClUring sense, it is con
cemed with ensuring that the marketing goals are 
achieved in the most consistent, cost-c,frective, and effi
cient manner possible. 

QA systems are designed to consistently satisfy cus
tomer expectations by defining o!JjeClin'.I, planning 
activities, and controlling mriabilirv. 

Commercial Fruit Production as Part of 
the Food Manufacturing Industry 

Having said that QA is a management tool with its ori
gins in the manufacturing and industrial sector, how can 
we measure its worth or relevance to horticulture') 

Let's look at the similarities between commercial 
horticulture and manufacturing in a general sense. 

Firstly, commercial horticulturc. in this instance 
tropical fruit postharvcst handling. is above all else a 
business activity. Many or the people at this conference 
may not always see themselves as commercial opera
tors, but the harsh reality is that cOlllmercial horticulture 
in all its components must concern itselr with sustaina
ble profit - that yardstick needs to pcnllcate ali horti
cultural activities. including rcsearch and development. 
Sustainable profit is very much tied to customer satis
faction, so horticulture and manufacturing do share the 
same marketing goals inherent in QA. 

What about production issues? 

One would assume that any commercial producer 
wishes to be as cost-effective and efficient as possible. 
What are his chances though of cOfllrolling variability, 
say in comparison to a car manufacturer or producer of 
electrical goods? My point is that the commercial fruit 
producer or postharvcst handler faces far greater hurdles 
than producers of 'hare!' commodities. Yes, we are 
manufacturers - we take the raw materials (i.e. the 
fruit) and handle. treat. and modify. that is. manufacture 
a product. But our key raw materials and our products 
are alive l The potential for variability is enonnous and 
therefore exceedingly diffieult to measure and control. 
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The evolution of horticultural quality assurance 

QA in Australian horticulture is being developed vcry 
much with the aim of compliance to international stan~ 
dards - specifically the Intemational Standards Organ
isation (ISO) 9000 series. These are manufacturing 
standards that evolved mainly from the aeronautical 
industry. 

There is a move worldwide for horticultural industries 
to develop quality systems that comply with ISO 9002 
- this is a trend where we believe further thought is 
warranted. 

On one hand, compliance with an ISO standard 
imposes discipline on an organisation. This discipline 
increases the cOllfidence of a purchaser in the quality of 
suppliers' products - hence the push for suppliers to 
become accredited to a standard onen comes from the 
market-place or govemmental agencies. However, with 
many seasonal tropical crops the inherent variability ()[ 
production makes accreditation in itself misleading 
from a customer's point of view. 

Accreditation to an internationally recognised stan
dard such as ISO 9002 is ideal for industries such as 
appliance manufacturers producing the same products in 
the same way, day in, day out, all year long. Their sys
tems operate consistently because their inputs and out
puts are measurable and reliable. They are also far mort? 
likely to have a stable, permanent staff operating their 
systems than many horticultural businesses, such as 
seasonally operated packhollses for instance. 

An accreditatioll compliance audit of a packing 
house, for example, is likely to give an atypical impres
sion of the overall pcrfonnance of that packing house 
because of this inherent variability or fruit production. 
'Acts of God' such as hailstorms or continuous rain will 
place enornlOUS pressure llll packing house systems. 
Staff will often be casual labour who will have far less 
real commitment than most pennanent stalT and they 
will have accrued less experience and skill. The 'raw 
materials'. i.e. the harvested fruit, may vary widely 
from one grower or orchard block to the next. Regard
less. the packer is expected to cope equally well -
despite the stop-start nature of postharvest fruit han
dling, despite the often high staff turnover, and despite 
the possibly wide variations in fruit quality ami charac
teristics. 

We believe that horticulture nceds to take the disci
pline aspects of the standards being used as models for 
accreditation JnL! Tllodify those standards and accredita
tion requirements to suit the peculiarities of horticultural 
industries. 

Yes, we are manufacturers, but horticultural indus
tries are unique and this 'unique'ness' should be reflected 
in design and implementation of our QA systems. 



Where Does a QA System Begin and End? 

QA systems arc documellIed as they arc planned and 
deliberate. 1l1ey must encompass the products pro
duced, services rendered, processes employed, and 
human component of an organisation or business. 

In essence they begin with the customer and end with 
the customer, because a QA system documents all the 
interactions necessary to satisfy the customer's require
ments. Although they are ronnal and written down, QA 
systems arc 'alive' and dynamic. They must be designed 
so as to never take the customer for granted and always 
consider improvements that can be made to current 
practices. Really' living out' this philosophy is a major 
cultural change or challenge for any business. This is 
especially so for a basically conservative industry such 
as commercial fruit production, where inherent business 
practices may go back generations. 

We find the easiest and most effective way to visual
ise and therefore develop a QA system is not to start at 
the beginning, but to start at the end, i.e. by looking at 
what is required in the market-place. What we arc sug
gesting is that QA programs should be structured to 
satisfy marketing objectives in the mas! reliable and 
cosl-effective manner. They should therefore expand the 
potential profit margin for a product by not only maxi
mising returns, but by minimising production and post
harvest handling costs. 

Traditional quality control (QC) programs have been 
very much inspeclion orientated. They utilised a set of 
product specifications or standards. inspected product 
against those standards and segregated defects. There 
arc many so-called QA or quality management pro
grams being promoted currently in horticultural circles 
that we believe arc really only basic QC programs. That 
is because they do not get to the rool causes of quality 
issues as they exist or as they arise. They rely on 
inspection rather than objectivc information gathering 
and problem solving. 

QA programs need to be process oriellta!ed. They 
should look at the method employed, not simply the end 
result. Therefore they arc concerned with management 
praClices with quick, early. and accurate identification 
of actual or potential problems and deviations a key 
factor - if the system is working effectively, you cannot 
help but get the proper end-result. 

Getting to the root cause of quality issues means 
asking questions and making judgments based on the 
answers. Let's take a hypothetical but not uncommon 
example: 

The problem: Bruised fruit are being found in packed 
trays. 

Question: Why arc these fruit bruised? 
Answer: Because they were damaged on the sizer. 
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Question: 
Answer: 

Question: 
Answer: 

QUl'stion: 
Answer: 

Question: 
Answer: 

Question: 
Answer: 

Why were they damaged on the sizer" 
The bruised fruit appear to be soft. 

Why are they soft" 
Their flesh temperature is high. 

Why is it high? 
Bins of fruit were marshalled in the sun. 

Why were they marshalled in the sun" 
Because the shaded area was full. 

Why was it ful\'i 
Because the packing house staff member 
responsihle neglected to inform the pickers 
that stockpiles were becoming over-loaded. 

How many quality risks and potential solutions can 
you identify in this chain of events') What was the real 
cause or causes of the bruised fruit" How could these 
problems be solved? 

Each time a process occurs, value is addcd to the 
end-product or service. Each time something goes 
wrong cost is accrued, stress levels rise. and a com
pany's performance and/or reputation declines. Why 
should Ihis be tolerated? 

QA was developed by industries such as car manu
facturers where mistakes are not accepted. As food 
manufacturers in an increasingly competitive and cus
tomer-conscious world can we afford to be any less dil
igent? 

QA as the Planned Interaction of 
Products, Services, Processes, and People 

- a Total Approach 

In our experience of horticultural quality systems we 
have seen four very common 'pitfalls' repeated many 
times, especially in the development phase. 

The first of these mistakes is what we call the 'paint 
by numbers' approach. This is when an organisation 
takes a theoretical type quality system and attempts to 
impose it on their own activities. Invariably this 
doesn't work, or at best doesn't lead to a sustained QA 
program. To be truly sustainable and successful QA 
programs must be driven and understood by the man
agement of a company. This commitment must be 
encouraged in everyone associated with the business. 
This means that the QA program being implemented 
must rerIect the specific goals and the particular 
streng/lis and weaknesses of the COlI/plllly - only 
then will its participants realise the relevance to them 
and its worth. 

• In the early stages especially, designing and imple
menting QA programs requires a great deal of effort, 
open-mindedness, and plain hard work. For that 
energy and momentum to be sustained, the com-



pany's total commitment to the program, especially 
that of management, is absolutely vitaL A lack of 
genuine commitment is the second common pitfalL 

• A third very common pitfall is confusing QA or qual
ity management with product maintenance, The 
maintenance of a product's physical quality and 
characteristics during growing, postharvest handling 
and marketing is absolutely vitaL It is not what QA is 
all about, however. Product maintenance is just part 
ofa 'big picture'. QA is concerned with the manage
ment of all the components of the activities of a busi
ness. You might have the most attractive, long-lasting 
fruit in the world, but if your people management is 
poor, product servicing is inadequate, your supply 
capability erratic, or your production costs excessive, 
then sooner or later you will fail. 

• The fourth and most 'human' pitfall to be avoided is 
complacency. Companies embarking on a QA pro
gram will soon begin to see improvements in their 
business operations and will likely receive kudos 
from the market-place and peers for their improved 
perfonnance. Don't fool yourself now that you've 
'made it'. If a primary goal of QA is to maintain a 
competitive edge in terms of product reputation and 
production efficiency then a company must be pre
pared to continually and self critically strive for 
improvements. If you don't, your competitors will! 
In stating that QA is a total management approach and 

philosophy it follows that people embarking on a QA 
program must be prepared to change. Embracing 
change is often one of the most difficult things in life for 
us to accept. Adopting a quality approach to business 
means taking a hard critical look at the way we currently 
function and finding out why we function that way -
not only as a business or industry but also as individuals. 
That analysis takes courage and honesty. It takes cou
rage because the limitations of our industry, of our busi
ness, and particularly of our own limitations as 
managers will become patently obvious and impossible 
to ignore. The plus side of the equation is that particular 
strengths we have available to us will also come into 
focus. 

In either instance, actively pursuing a total QA 
approach provides both companies and individuals with 
opportunities. Once weaknesses have been identiried 
work can begin on correcting those weaknesses. Con
versely, full advantage can be taken of defined 
strengths. 

Adopting QA in a Fragmented and 
Imperfect World 

Dealing with a number of fruit producers, packers, 
coolstore operators, distributors, and marketers high
lights that, despite their own unique roles in the fruit 
industry, they all share common dilemmas. Often they 
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believe that adopting a quality program is first, too 
expensive and second, futile, because they are not 'big' 
or inlluential enough to achieve control and improve
ment overall. This reasoning is often because they lack 
confidence in the perfornlance of their own suppliers or 
in operators downstream in the distribution and market
ing chain. 

This quandary can arise through unrealistic expecta
tions. Even very large companies have difficulty in 
either demanding or achieving control of a product or 
service through an entire production/marketing system. 

Often a way to rectify this dilemma is to seek out 
relationships and alliances, fonnal or otherwise, with 
companies and organisations whose functions and atti
tude complement your own. 

'Relational marketing' is a concept gaining credence. 
This refers to the conscious bonding between suppliers 
and receivers of products through the deliberate nurtur
ing of those relationships. The emphasis is on creating a 
win/win situation where both pm1ies interact for their 
mutual and continued benefit. It could be said that there 
is, or should be, a large element of this already in all 
business relationships. 

QA programs, however, provide an opportunity to 
strengthen these relationships by structuring very 
clearly the activities and responsibilities necessary for 
both parties to fully benefit from the association. They 
create trust and therefore greater mutual confidence 
through better practice and clearer two-way communi
cation. 

Future Directions 

Personally, we have absolutely no doubt whatsoever 
that a fundamental key to the success of the Australian 
fruit industry in the future lies in the appropriate adop
tion of true quality programs by its participants. What 
we do not see currently, however, is a great deal of tan
gible progress. We have very few positive role models in 
Australia. We believe this is happening due to a lack of 
focus, industry politics, and low levels of understanding 
and commitment. The four common pitfalls we've nom
inated - complacency, lack of commitment, too great 
an emphasis on product maintenance rather than total 
management, and a 'paint by numbers' approach -
need to be avoided at all cost. Unfortunately, it is these 
pitfalls that are currently limiting the progress of QA in 
Australian horticulture. 'Experts' are appearing every
where. Often they are overconfident and as yet do not 
have the skills, experience, and vision to truly contrib
ute, and we'd suggest a number of false starts have been 
and are being made. 

Many of us in Australian horticulture suffer from a 
tendency to look for and accept the 'quick fix'. We see 
ourselves as practical people in a practical industry and 
are sceptical of theory and ideas. This trait is a derinite 



limitation in terms of quality systems development, as a 
lot of the hard work neeessary to get such programs up 
and running involves far more brain power and inspira
linn than physical labour and perspiration' 

We believe real progress can and will be made - it 
has to be. Horticultural producers and postharvest han
dlers have traditionally been production orientated 
rather than customer driven. but this is slowly changing. 
Th is evolution towards a greater customer orientation in 
our work will be the catalyst for change that will insti
gate true QA in horticulture - that and a conscious 
effort to fight complacency. The 'ncar enough is good 
enough' practitioners in our industry will go the way of 
the dinosaurs and the dodo' 
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One thing we do not lack in this part of the world is 
opportunity. Quality in its truest sense - in our prod
ucts, our services, and the way we work - can convert 
some of these opportunities into success stories. What is 
required is the desire and commitment to succeed and a 
genuine willingness to change. 

The acknowledgment that the adoption of QA is as 
much about open-mindedness and a qualify atlitude. 
both towards the people with whom we work and the 
people with whom we trade is the first and perhaps most 
critical step that must be taken. 



An Economic Evaluation of Postharvest Tropical Fruit 
Research: Some Preliminary Results 

A.S. Godfrey Lubulwa and Jeff S. Davis* 

Abstract 

Over the last decade. a significant amount of postharvest research has been undertaken. Concurrently techniques 
for research evaluation have been developed for the assessment of postharvest research. While some of the tech
niques have been applied in the evaluation of postharvest research related to other commodities. they have not 
been applied to tropical fruit postharvest research. This paper reviews methods for the economic evaluation of 
postharvest research; illustrates the USl' of these postharvest evaluation methods using six postharvest tropical 
research projects as examples. and provides preliminary results on the potential gains from postharvest tropical 
fruit research. The six research projects were funded by ACIAR and collahorating institutions in Australia and 
Southeast Asia. These preliminary evaluations indicate that over a 3D-year time horizon and with a discount rate 
of 8 per cent per annum. the six collaborative research projects have the following potcntiall'conomic benefits 
(valued in 1991 Australian dollars). 

Project activity Total benefits Research cost Net present Internal rate 
value of return 

$A millions SA millions $A millions 

Non-chemical control offruit disease 
Postharvest technology for hanana 
Edible coatings for shelf life extension 
Chemical control of fruit disease 
Cool storage. controlled atmospheres 
and chemical controls 
Vacuum infiltration offruit with calciulll 

Total (6 projects) 

n.a. ~ not applicable 

1991 

80.1 
51.4 
43.2 
37.6 
19.9 

3.2 

235.4 

1991 

1.2 
0.8 
1.2 
1.0 
1.2 

0.5 

5.9 

1991 (%) 

78.9 38 
50.6 48 
42.0 34 
36.6 41 
18.7 27 

2.7 21 

229.5 n.a. 

These results are preliminary and indicative only and arc dependent on the assumptions and data described in 
the paper. The paper ends with a discussion of data constraints in the evaluation of projects in this area. 

As most economies develop there is an im portant trend 
to specialisation in most production activities. Asso
ciated with this trend is the increased importance of 
trade. This trade usually starts within a country but 
eventually becomes international as well. In most econ
omies, the agricultural sector plays a major role in the 
early stages of the development process. As domestic 
and international trade in agricultural products expands, 

* ACIAR. GPO Box 1571, Canberra, ACT2601, Australia. 
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increased importance is placed on the postharvest sector, 
in the fonn of. for example. assembly, transport, storage, 
grading, and processing of producc. 

As the demand for postharvest sector products and 
services expands, there are increased incentives to 
improve the technologies available in this sector. 
Research is an important source of these improved 
technologies. Since many postharvest activities are 
undertaken by private businesses, and many of the tech
nologies used in this sector can be patented, the private 



sector often plays an important role in providing this 
postharvest research effort. However, there are still 
many production constraints that are likely to be 
resolved through public-sector supported research. The 
results from these types of research are not appropriable 
by those undertaking the research and, therefore, the 
private sector may under-invest in these areas. This 
paper assumes a case has been established for public 
sector funding of tropical fruit postharvest research; the 
question is: how do decision-makers ensure that these 
funds are allocated effectively? 

With the growth of economies in tropical regions of 
the world has come an increase in the demand for a 
range of fruits grown in these regions. Increased trade 
within and between countries has created an incentive 
for improvements in many aspects of the postharvest 
activities associated with these fruits. During the last 
decade or so there have been increased public sector 
research efforts focusing on postharvest activities for 
tropical fruit. 

Increasingly, public research institutions are placing 
more importance on efforts to evaluate the impact of the 
research they fund. The information generated by these 
evaluations has been found to make several important 
contributions. It provides a useful basis for supporting 
cases for continued and increased government funding 
of research. It provides information which can support 
decision-making within research institutions. If under
taken with constructive interaction between economists 
and technical scientists, it can improve the nature and 
focus of the research projects. Evaluation of farm-level 
research was first undertaken in the 1950s and a now 
considerable set of these evaluations has been com
pleted for a range of commodities and countries. Evalu
ation of postharvest research has received attention only 
during the last 10 years. As far as we are aware there 
have been no published studies which have focused on 
economic evaluation of postharvest tropical fruit 
research. 

Given the growing interest in postharvest tropical 
fruit research, as is evidenced by the papers included in 
these proceedings, it seems important to devote some 
effort to determining what the impact of this type of 
research has been or is likely to be. This paper is a pre
liminary foray into this area. It provides a brief review 
of methods for evaluation of agricultural research, espe
cially postharvest research. A summary of some of the 
past attempts to evaluate postharvest research is pre
sented and briefly discussed. None of the studies has 
considered projects which focus on tropical fruit. In the 
rest of the paper the results of a preliminary analysis of 
six collaborative postharvest tropical fruit research pro
jects are discussed. A model which suits evaluation of 
the postharvest tropical fruit research projects is chosen 
and the implications of the preliminary results from its 
application are discussed. 
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Methods for Evaluating Postharvest 
Research and Some Past Applications 

Methods for evaluation of research 

Development of methods for the evaluation of agri
cultural research began with work by Schultz (1953) 
and Griliches (1958). This work focused on farm-level 
research activity and projects, and was reviewed by 
Norton and Davis (1981). The returns from research 
estimated by some of the studies were summarised by 
Ruttan (1982, 242-246). Many of the early evaluations 
were undertaken by economists outside the research 
organisation where the research was undertaken. 
Recently there has been an increased emphasis by 
research institutions to generate these evaluations to 
support decision-making. Examples are Davis and 
Ryan (1993), GRDC (1992), and Johnston et al. 
(1992). 

It was not until the early 1980s that attention was 
focused on the need to consider postharvest separately 
from farm-level research. Freebairn et al. (1982) first 
raised the issue of the need to consider a revised, 
although theoretically related, form of methodology to 
estimate the returns to postharvest research, or as they 
called it, market service sector research. Their paper 
generated significant interest in this area. Although the 
model Freebairn et al. (1982) developed was an impor
tant improvement on the temptation to simply use the 
retail value of the increase in output as the benefits to 
research, it was soon found that the question of the 
impact of, and benefits from, postharvest research can 
be quite complex. Developments by Alston and Scobie 
(1983), Freebairn et al. (1983), and Holloway (1989) 
have been important. Alston (1991) provides a compre
hensive review of research evaluation methodology 
which includes, and places in perspective, postharvest 
research. 

Perhaps one of the more critical implications of 
these developments is the potential importance of the 
distribution of the gains from postharvest research. 
With farm-level research it is generally accepted that if 
the results of research are applicable to a farmer or 
group of farmers and they adopt the resultant technol
ogy then those farmers, at least, will always gain from 
the research. This is not to say that some farmers will 
not lose from research. The farm-level analyses have 
shown that if the technologies are not appropriate to a 
group or groups of farmers, and if the research impact 
causes a fall in the product price (which is likely to 
occur in most circumstances), then these farmers can 
be worse off with the research rather than if it had not 
been undertaken. On the other hand, the above studies 
have shown that it is sometimes possible for all farmers 
to lose from the impact of postharvest research on the 
commodity they produce. In summary: while society 



generally will gain from most successful farm-level 
and postharvest research, in some cases some groups 
(especially farmers) might be worse-off due to the 
research. 

Past applications of postharvest research evalua
tion methods 

The early postharvest research evaluation papers 
concentrated on developing the methodology. When 
applications were included they were generally hypo
thetical rather than relating to a specific research project 
or outcome. Several subsequent studies have applied the 
methodology to specific research issues and, in some 
cases, projects. Table I provides a brief summary of 14 
of these studies, which will not be discussed in detail 
here. One important feature is the considerable variabil
ity in both the evaluation method used and the types of 
results reported. Only 5 out of the 14 provided a com
plete assessment which included an assessment of the 
lags from the commencement of the research and the 
adoption levels and patterns as well as the annual wel
fare impacts of the research. These five are listed at the 
top of Table I, in the order of the highest to lowest 
internal rate of return (lRR). The rates of return reported 
range from 29 to 143% which arc similar to the types of 
returns reported for farm-level research. The other stud
ies have reported estimates of the annual welfare gains 
to the countries indicated from the research. Some of 
these are estimates of the potential gains rather than 
those to a specific completed project. There are some 
very large estimates reported, especially for the live
stock sectors. One of the 14 studies reported negative 
returns to the project and two found it difficult to apply 
the available methods to the research project eonsid
erell. 

Care is required in drawing general conclusions from 
the studies, since the methods and format for presenta
tion are not necessarily comparable. Literature reviews 
(e.g. Alston 1991) have been very useful in guiding the 
choice of methods for evaluating research. However. so 
far thc classification has been based on the economic 
characteristics only. During the process of applying 
research evaluation methods at a project level at 
ACIAR (and this experience has been confirmed by 
other institutions) it has been found that it is important 
to be able to select an evaluation method that suits the 
type of research being undertaken as well as the eco
nomic characteristics facing the production of thc 
commodity the research will eventually influence. This 
is especially important as there appears to be a gap in 
the literature regarding the most appropriate procedures 
for estimating the research impact parameters included 
in the economic modcls. The nature of these parameters 
will depend on thc type of rescarch. Davis (1992) and 
Davis and Lubulwa (1993) have discussed this issue 
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and suggested several possible research classification 
areas. They related the methodology classifications 
suggested by Alston (1991) to these research area clas
sifications. A summary of the research classifications 
(Alston 1991) relevant to postharvcst research is pro
vided in Table 2. This emphasises that the type of 
model is likely to vary with the type of postharvest 
research. 

Davis (1992) allocated AClAR's postharvest research 
projects to these groups and found that the majority fell 
in the wastagc reduction group. The last column of 
Table 2 compares the areas considered in this confer
ence with these rescarch area groups. Again it appears 
that major emphasis or interest is on wastage reduction 
research. 

Recent versions of the multiregional vertical market 
models (Alston 1991) are becoming relatively complex, 
especially from an economic perspective. Yct proce
dures for estimating the research impact parameters 
included in them arc not very well dcveloped. Davis 
(1993) discusscs this and suggests a simpler model 
which focuses on waste reduction at the postharvest 
level as an alternative for this subset of research pro
jects. 

This section has briefly reviewed research evaluation 
methods and their application to postharvest research. 
There have been no evaluations of tropical fruit research 
projects, or indeed of any fruit research. Many of the 
(tropical fruit) postharvest research projects focus on 
what might be regarded as wastage reduction issues. A 
wastage reduction evaluation model (Davis 1993) is 
used in the evaluation of a set of six postharvest tropical 
fruit projects to illustrate its application and draw some 
preliminary conclusions about the possible returns from 
this area of research. 

Overview of ACIAR's Postharvest 
Tropical Fruit Research Program 

Four completed ACIAR projccts and two projects in 
progress at the time of writing are assessed in the paper. 
Table 3 summariscs the commodity covcrage of, and the 
solutions explorcd under the six projects. A brief sum
mary of each projcct (PN = project number) is given 
below. 

Use of calcium to inhibit ripening and senescence of 
fruits (PN8319; 1983-1987) 

This project investigated whether thc process of post
harvest application of calcium by vacuum infiltration 
could be used in Indonesia and Australia to extend stor
agc lifc of mango, avocado, papaya, guava, melon, ram
butan, mangosteen, longas, and lychee at storage 
tcmperatures ranging from 25~30°C. While Hass avo
cadoes did not respond well to calcium infusion, data on 



Table 1. Summary of some postharvest research evaluation studies 

Description Commodity Country Research Net Internal Benefit-cost Comments Source 
type present rate ratio 

value of return 
(SM) (%) 

• Suppression of Grain Dust Wheat Australia \Vastage 14.5 143 541 GRDC (1992) 
• Integrated Pesticide Usc in Rice Malaysia/Phil ippines Wastage- 24.3 43 Chudleigh (1991 ) 

Grain Storage Australia storage 
Stored Grain Under Plastic Rice Southeast Asia' Austral ia \Vastage- 9.2 38 Ryland (1991 ) 

storage 
• Reduced Amylose in Rice Rice Indonesia Quality 117.0 37 Only annual benefits Unnevehr (1986) 

reported 
• Reduced Amylose in Rice Rice Philippines Quality 227.0 29 Only annual benefits Unnevehr (1986) 

reported 
Pigmeat Fat Reduction Pigs USA Quality 977.5 Present value of year 5 Lemieux and 

'J.J 
benefits no research costs Wohlgenant V1 

(1989) 
Reduction in Dark-Cutting Heef Australia Quality 905.0 Potential benefits no Voon and 
in Beef research costs Edwards (1990a) 

• Boxed to Tray Ready Beef Beef USA Processing 845.6 Annual impact no Mul1en et a1. 
research costs included (1988) 

• InlTeased Protein Content Wheat Australia Quality 447.0 Potential benefits no Voon and 
in Wheat research costs Edwards (1990b) 

• Reduced Backfat [)epth Pigs Australia Quality 66.0 Potential benefits no Voon and 
in Pigs research costs Edwards ( I 990c) 

• Wool Carding Improvement Wool Australia Processing 21.9 Benefits only no research Mullen and 
(Sirocard) costs included Alston (1990) 

• Component Pricing and Soybeans USA Grading- -12.6 Annual impact no Updaw (1980) 
Grading quality research costs included 

• Wheat Quality for Middle East Wheat Australia/M idd1e East Quality Not Qualitative assessment GRDC (1992) 
estimated only 

• Safe Storage of Oil seeds Rapeseed Australia Wastage S5!t Impact per tonne only GRDC (1992) 
-storage assessed 



Table 2. Possible postharvest research area classifications 

Research classification area Type of evaluation model 
(based on Alston 1991) 

Comments Matching themes in 
these proceedings 

Post-farm-gate 
Wastage reduction 

Processing methods 

Transport 

Farm ami ujj~larm 
Product quality 

New product 

Policy/regulation 

Environmental issues 

Human health 

Institutional analysis 

a TAC ~ Total Average Cost. 

Multi-regional vertical 
market model 

Multi-regional vertical 
market, probably factor
biased, model 

Multi-regional vertical 
market model 

Multi-commodity. related 
in consumption. vertical 
market model 

Single or multi-regional. 
multi-commodity supply 
shift model 

Value of information with 
saving in dead weight loss 
model. 

Single or multi-regional. 
multi-commodity supply 
shift model 

Labour supply shift, 
demand for health serv ices 

Value of information with 
saving in dead weight loss 
model. 

Australian Fuerte avocados showed that calcium treat
ments led to an average shelf life extension of about 
3-5 days or 32-55% over the average shelf life of 9 days 
for Fuerte without the treatments. However, ACIAR 
(1986) noted that: 

In Australia. Fuerl<~ is an early variety for which growers get 
a good price before the better varieties become available. 
They are therefore interested in faster ripening using ethy
lene but are not likely to be interested in delaying ripening 
with calcium infusion. 

The project demonstrated that calcium infiltration 
could delay ripening in some varieties of avocado and 
papaya in Australia and Indonesia. However, for the 

Wastage reduction version can be 
useful simplification 

Private sector relevance could 
be important since most research 
gains are appropriable. 

Private sector relevance could be 
important because most research 
gains are appropriable. 

Care is required if a simple increase 
in price model is used. 

Quantity associated with minimum 
T Aca required. Care is required as 
estimates are subject to more error. 

Model not well developed and 
few applications. 

Other areas also involve 
environmental issues. 

Models not well developed 
or applied. 

Model not well developed and 
few applications 

• Harvesting 
• Diseases and disorders 
• Storage 
• Ripening 
• Disinfestation 

Processing 

Transportation 

Harvesting 

Regulation 

Marketing 

treatment to have commercial application it was consid
ered that improved control of rotting was necessary. 

36 

Postharvest physiology of, and technology for, 
bananas in Southeast Asia (PN8355; 1983-1987) 

This project was confined to bananas. Research was 
conducted in Malaysia, Philippines, Thailand, and Aus
tralia. Commercially viable handling technology for 
banana was successfully developed (Lizada et al. 1987). 
This technology involved better control of ethylene to 
delay ripening of bananas under modified atmosphere 
storage, and use of fungicides to control stem-end rots. 
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Table 3. Commodity coverage in ACIAR's postharvest tropical fruit research 

Project number 8J 19 

Solutions ex plored Vacuum infiltration 
of fruit with calcium 

Country focus Indonesia, Australia 

Mango ./ 

Avocado ./b 

Longan 

Lychee 

Rambutan 

Mangosteen 

Durian 

Green coconut 

Papaya ./ 

Banana ./ 

a CA stands for controlled atmospheres 

8355 

Postharvest technology 
for bananas 

Malaysia. Philippines. 
Australia 

./ 

8356 

Chemical controls to 
fruit disease 

8844 

Cool storage, CAa 
and chemical controls 

~1alaysia, Philippines. Thailand, Australia 
Thailand, Australia 

./ ./ 

./ 

./ ./ 

./ ./ 

./ 

./ ./ 

./ 

./ ./ 

9313 9105 

Non-chemical controls Edible coatings 
of fruit disease for shelf life 

extension 

Thailand. Australia Thailand, Australia 

./ ./ 

./ ./ 

./ 

./ ./ 

./ 

./ 

b A tick indicates that the fruit in question was studied as part of the project, but it does not necessarily imply that the study led to some useful technology for postharvest handling of the fruit. The 

commodities are not equally applicable to all countries. Details about the fruits on which different countries focused on are given in Tables 8-1:1. 



Four handling trials had proven the technology feasible 
for the export of bananas from Malaysia and the Philip
pines by sea to Hong Kong and Japan.) ACIAR (1l)~6, 
P 43) reached similar conclusions but noted that there 
was still a need for research on banana pathology prob
lems, on response to modified atmospheres, and on 
low-cost ethylene absorbents. 

Chemical controls of fruit disease (PN83S6; 1983-
1987) 

This project investigated postharvest characteristics 
of mango. longan, lychee, and mallgosteen in Australia 
and the Southeast Asian region. The project demon
strated that, during controlled atmosphere storage, a 
dual treatment of hot water followed by prochloraz was 
required to control stem-end rot, anthracnose, and alter
naria rot. The project also verified the efficacy of hot 
benomyl and prochloraz sprays for the control of 
anthracnosc with negligible impact on fruit quality, and 
demonstrated that hot benomyl controlled some types o/" 
stem-end rot. Postharvest research into other tropical 
fruits in Thailand under PN8356 produced results indi
cating that sulfur dioxide fumigation increased the stor
age life of Iychees to at least 90 days. For mangosteen, 
storage at 5°C in 5% carbon dioxide and 5% oxygen 
gave one month storage. 

Cool storage, controlled atmospheres, and chemical 
controls (PN8844; 1989-1992) 

This project focused on mango, lychee, longan, ram
butan. mangosteen, and durian. A 1991 reviewer of the 
projcct concluded that it had achieved major results in 
the following areas: 
• new technologies with early commercial application. 

particularly in relation to export marketing of longan, 
lychee, mango, and durian; 

• results of scientific merit, particularly in relation to 
controlled atmosphere storage of different varieties of 
mangosteen. rambutan, mango, lychee, and longan: 
the development of harvesting indices for lychee. 
durian, longan, rambutan, and mango; the biology 
and control of mango stem-end rot and other posthar
vest diseases; and mango sapburn. 

• the development of sulfur dioxide fumigation tech
nology for the control of postharvest disease in exotic 
tropical fruits, and external browning in trimmed 
green coconuts, and measures to limit Iychee and 
rambutan skin colour loss in storage. 

I See ASEAN Food Handling \lewslettcr. April 1987, 11. 
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Non-chemical controls of fruit disease (PN9313; in 
progress) 

While PN~35() and PN8844 focused on the use of 
fungicides in the control of tropical fruit disease. 
PN9313 will study the mechanisms of tropical fruit 
resistance to disease, and develop strategies that mini
mise the use of chemicals in the control of tropical fruit 
diseases and pathogens. This is partly in response to 
increasing market pressure for the reduction in the use 
of postharvest chemicals on fruit. The project aims, in 
part, to build on pioneering discoveries (Johnson et al. 
1992) made within ACIAR PN8844 regarding the 
infection processes of stem-end rot fungi. Potential ben
efits from this project include the following. Watering 
regimes suitable for stimulation of flowering and reduc
tion in stem-end rot losses in tropical fruit (mango, 
Iychee) may be developed. Screening procedures for the 
selection of stem-end rot resistant cultivars may be 
developed. The results could underpin development of 
control recommendations for stem-end rot of avocado. 
carambola, mangostecn, and rambutan, commodities for 
which there are no satisfactory stem-end rot control 
measures at present, and alleviate reliance on po~thar
vest fungicides in mango. 

Development of simple, edible coatings for the post
harvest life extension of fruit (PN9 lOS; in progress) 

This project aims to develop edible coatings that will 
extend the postharvest life and maintain the quality of 
fresh fruits handled under ambient or low temperature 
conditions in Thailand and Australia. The coatings -
which serve to modify atmosphcres within the produce 
- are simple to apply, non-toxic, and accessible and 
affordable to the user. Produce dipped in the coatings, 
which are water soluble, is coated with a natural micro
film, which is odourless, tasteless, and invisible. The 
coatings can be applied at any stage, can be washed ofT 
with water later and arc compatible with the commonly 
used fungicides. The project will involve further 
research and development on properties of the films, 
including mechanical (e.g. thickness and strength) and 
barrier attributes (e.g. permeability to water vapour, 
oxygen, and carbon dioxide). The coatings will be tested 
under a range of climates and handling conditions to 
optimise the effectiveness and commercial suitability of 
different coatings on different produce. The project will 
also investigate disease control in tropical fruit which is 
a major constraint to the commercial application of 
coating and film technologies, particularly in the trop
ics. 



Factors that Influence the Levels of the 
Potential Impacts of Research 

The potential impacts of postharvest tropical fruit 
research depend on the following factors: 

the size of the tropical fruit industry in the countries 
included in the research projects and the proportion of 
that industry that is likely to be affected by results 
from the research project; 
whether the project has led or is likely to lead to 
changes in commercial practice or in new applicable 
technology; and 
the adoption pattern. 

Industry size 

As an indication of industry si/e. Tables 4 and 5 show 

the amounts of farnl-lcvel quantities produced and the 
farmgate prices of tropical fruits in the five countries 
covered in this paper. The list of fruits is not exhaustive, 
covering only those fruits that were included in the pro
jects under assessment. 

Practices' before research' 

The adoption pattern for any technology depends on 
the type, level, cost, and effectivencss of technology 
used before research. Recent reviews (ASEAN 1989; 
FAO 1990) of tropical fruit postharvest practices in the 
five countries in this study give an indication of the 
types of technology being used in these countries. 

Indonesia. FAO (1990,123) concluded that, in Indo
nesia, postharvest measures are not applied in a system
atic way, storage and packaging are limited to traditional 

Table 4: Tropical fruit (1. 19') 1) produced in Southeast Asian countries and Australia 

Fruit Indonesia" Malaysiab Ph iIi ppines' 

Mango 640457 15014 346000 
Avocado 91420 na 22 (X)O 
Longan na na na 
Lychce na na na 
Rambutan 355792 37193 na 
Mangosteen na 7026 na 
Durian 2053R9 118313 21 380 
Green coconut na na 124818 
Papaya 352651 71918 100 <X1O 
Banana 2471 925 134940 3545000 

Sources: 
a Based on data held by the Indont'\lan Statistical CenlrL', the Department of Agriculture, Indonesia. 

b Federal Agriculture Marketing Authority. Maiay,ia (i 992) 

Thailandd Australia" 

894266 11918 
na 12005 

86563 na 
24357 635 

577790 29 
90263 na 

539133 na 
97783 na 

408038 4472 
43487 165057 

r Food and Agriculture Organi:-.ation of the United Nation~ (1991) and Philippine (National) Stali~tical Coordination Board (1992) 

J Based on data held by the Depat1IllCIlI of Agriculture Extension. TIlailand and the Departlllcnt of Expol1 Promotion. Thailand. 

c' Au,tralian Bureau of Stati,tics( i 992) 
na: not avai];Jbk. 

TableS. Farmgate prices ($Aust/t) for selected tropical fruits in Southeast Asian Countries and Australia 

Fruit Indonesia Malaysia Philippines Thailand Australia 

Mango 590 719 834 1153 1611 
Avocado 324 na 459 na 1170 
Longan na na na 14,)') na 
Lychee na na na 1845 na 
Rambutan 52~ 528 na 51') 1150 
Mangosteen na 618 na 1153 na 
Durian 1017 1305 1216 1009 na 
Green coconut na na 519 519 na 
Papaya 251 270 410 519 598 
Banana 339 337 159 433 904 

Sources: as for Table 4. except for Australia. Australian prices were estimated using data supplied by the Queensland Department of Primary 
lndw,tries. 
na: not :ivaihihle. 
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methods, harvesting is not based on maturity indices 
and, in many areas, fruits are given no special treatment 
during transportation. However. valuable fruits for 
export and inter-island trade are stored in cool storage 
facilities during transportation and storage. The hand
book on the postharvest handling of fruit in ASEAN 
countries (ASEAN 19R9) notes that benomy I or pro
chloraz dips are recommended for controlling fungal 
disease in banana and mango in Indonesia. 

Malaysia. A large proportion of farmers in Malaysia 
produce mangoes and other fruit primarily for family 
consumption. Only 3% of farmers produce fruit solely 
as a source of income (Tjiptono et al. 1984). FAO 
(1990,129) concludes that Malaysia is still a net 
importer of fruits. With respect to the type of technology 
discussed in this paper, ASEAN data (ASEAN 1989) 
indicates that benomyl dips are used to control fungal 
disease in banana and mango in Malaysia for export 
produce. 

Thailand. FAO (1990,152) states that refrigerated 
storage rooms are in common use for many types of 
fruits in Thailand. However, the same study suggests 
that growers are inadequately trained in preharvest 
techniques, and that poor postharvest handling of fruit 
and incorrect handling of fruit reduces shelf life in 
Thai land, resulting in high losses. Thompson (1990) 
observed that hydro-cooling is used in Thailand for 
long an and Iychee. Hot-water treatment of fruit and 
benomyl dips are used to control fungal discase in 
banana and mango in Thailand (ASEAN 1989). 

Philippines. Mendoza (1981, 44) reports that, in the 
Philippines: 
• storage and transport facilities with appropriate tem

pcrature and relative humidity controls are virtually 
non-existent in the production areas; 

• there is little provision for temperature, humidity, and 
decay controls under traditional ripening practices; 

• harvesting indices for fruit are not used by farmers 
thus the time and method of harvesting usually favour 
mechanical injuries, occurrence of physiological dis
orders, and other blemishes; and 

• use of unsuitable containers brings about large wast
age due to abrasion, compression, and heat injuries. 
However, ASEAN (1989) indicates that dipping fruit 

in benomyl and other fungicides, and polyethylene bags, 
are used to control fungus diseases in bananas. Lizada 
(these proceedings) outlines recent improvements in 
postharvest handling practices for bananas in the Phi
lippines. There are indirect signs that ACIAR-sponsored 
research has influenced commercial practice in some 
Southeast Asian countries. For example, ASEAN 
(1989) cited Lizada et al. (1984), a research output of 
PN8356, as a basis for the recommendation on control 
measures for chilling injury in mango in the Philippines. 
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Adoption patterns 

The general picture which emerges is that the tech
nologies arising from ACIAR projects are used in 
Southeast Asia in handling produce for distant markets. 
Distant markets could be regional, national, or export. 
Table 6 summarises the different projects in terms of the 
projects' impacts on commercial practice. 

Table 7 summarises estimates of the percentages of 
fruits that are sold in distant markets and might benefit 
from the types of technologies developed in the 6 pro
jects discussed in this paper. 

Quantification of the Impacts of New 
Postharvest Technology 

The impacts of the technologies developed by the tropi
cal fruit postharvest research projects could include: 

i. reductions in total wastage of fruit which, in tum, 
lead to increases in the retail supply of fruit - this 
is the aim of all the projects discussed here; 

ii. changes in postharvest costs as a result of adopting 
the research results; for example, a technology may 
increase costs because it requires greater posthar
vest inputs (more fungicides or increased labour or 
new machinery); on the other hand postharvest 
costs may be reduced by making it feasible to 
reduce the dependence by fruit shippers on expen
sive rapid transport ( mostly air) and shift to slower 
but cheaper modes (sea and road) in the transpor
tation of fruit to distant markets; 

Ill. decreases in retail prices of fruit: the research 
extends the shelf life of fmit which leads to an 
increase in the quantity of fruit available at retail, 
which in tum leads to a fall in the retail price of 
fruit; 

iv. increases in retail returns: due to disease reduction 
extending the maximum consumer-appeal period; 

v. increases in the total demand for fruit: the assump
tion is that as retail prices of tropical fruits fall, 
these fruits become affordable to more and more 
consumers; 

vi. under some conditions, favourable impacts on 
farmgate prices and farm-level production; 

vii. scientific research capacity building in both Aus
tralia and the collaborating countries which is 
achieved during the life of the project through the 
exchange of skills and knowledge between Austra
lian scientists and scientists in the Southeast Asian 
region; and 

viii. the enhancement of the nutritional value of fruit. 
This benefit is reduced to the extent that posthar
vest fruit handling technologies may require the 
use of chemicals which have potentially negative, 
but to date unquantified human health effects. 



Table 6. Six ACIAR projects and tropical fruit postharvest technology 

Project no. PN8319 PN8355 PN8356 PN8844 PN9313 PN9105 

Solution devised Vacuum Postharvest Chemical Cool storage, Non-chemical Edible 
infiltration of technology controls of CA. and control of coatings 
calcium for bananas fruit disease chemical fruit for shelf life 

controls disease extension 

When did the project finish? 1987 1987 1987 1991 I 996a I 994a 

Has the research solution b.:en Notyct Yes Yes Yes Not yet Not yet 
translated into a technology in 
Southeast Asia? 

Basis for the assessment DrC. Yuen. Thompson Thompson Thompson Not Not 
Personal communication Department of (1990, 14) (1990.12) (1990.15) applicable applicable 

Food Science ASEAN ASEAN 
and Technology, ( 1989) (1989) 
University of 
New South 
Wales (pers. 
comm.) 

Comments Still needs a Used mainly Used to Used Research in Research 
machine for banana control extensively progress in progress 
embodying exports disease in in transport-
the technology mango and ation of fruit 

banana over long 
distances 

a Planned completion date. 

Tabk7. Fruit sold in distant markets for countries involved in the projects (percent of national fruit production) 

Fruit Indonesia Malaysia Philippines Thailand Australia 

Mango 15-20a 16b 3.8e 13 (0.36% export)d 93 (6% export)! 

Avocado 10-15t na OC na 90 (I % export)! 

Longan 50 na na 8.8 (8.8% export)d na 

Lychee 5c na na 2.0 (2.0% export)" na 

Rambutan IOC 6b na 6 (0.04% export)d 100 

Mangosteen 10-15c 19b na 19 (0.23% export)d na 

Durian 25-3OC 31 b OC 23 (0.52% export)d na 

Papaya 10-15C 38b OC 27 (4.05% export)d 90 

Banana IO-ISO 25b 20C 20 (22% export)d 90 (0% exportj! 

Sources: 
a Tjipono et al. (1984. p3) 
b Federal Agriculture Marketing Authority (1992) 
e Philippines Bureau of Agricultural Statistics (1989) 
" The figures in brackets are based on data supplied by Dr Son that Nanthachai based on information held by Department of Agriculture and 

Extension. Thailand and Department of Export Promotion, Thailand. The other figures in this column are averages of the entries for the other 
3 Asian countries. 

e Dr Chris Yuen, Department of rood Science Technology, University of New South Wales 
! Export figures are from Industry Commission (1993). 
na Data not available. 
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Table 8. Impacts of the research pro)l"cts on fruit wastage rates" (pcrcl'I1t of fruit produced at farIll~lcvcl) ill Australia 

COIllIllodities Wastage Defore \"/astage after Wastage afkr Wa~tage aftt'r Wastage after Wastage after 'Vastage after 
research PN8319 PN8355 PN8356 PN8844 PN9313 PN9105 

Mango 16 16-'9.2 9.2--'7.8 16+6.6 9.2~8.5 

Avocado 55 55 >40 30 >10 3()~' IS 

Lyehee 50 50>40 40 ~20 20 >\0 30 >10 
Ramoutan 40 4{) >30 3()'20 
Banana 30 30-' 10 

a Rate's arc bascd on estimates provided hy project scicnti:--Is. 
Note: Blanks in the table indicate that the commodity was not affected by the research project. From column 3. the number to the left of the aITOW i'i

the t's1irnated wastage rate Ixfore research while the one to the right nrlhc arrow is the estimated waqage rate after research 

Tahle 9. Impacts of the research projects on fruit wastage rates (percent of fruit produced at farm~level) in Indonesia. 
Philippines. and Malaysia 

Commodities Indonesia 
Wastage rate 

I'N8119 

Mango 
Avocado 56 >36" 
Rambutan 
Ranana 

a 13a~ed on e~tirnate" provided hy project scienti~ts. 

11 MendOla ( 19~ I, page 58. Table .1 J. 

Philippines 
Wastage rate 

PNB155 

31h4 13" 

Philippines Malaysia Malaysia 
Wastage rale Wastage rate \NasLage rate 

PNX156 PNll355 PNIU56 

2,.1 0 > 14" 2411 > 14" 

:l()I1-. 16" 
33b-~ 13" 

Note: l3lank~ in the tahle indicate that the cornrnooJty W<t'i not affected hy the research project. From column 2, the number to the left of the arrow i:-: 
the estimated vl.'aslage rate before research \,,-'hi Ie Ihe one 10 the right of the <lrro\v is the estimated wastage rate after research. 

Reductions in total wastage of fruit 

Most of the tropical fruit postharvest research projects 
atT" ,t the wastage rate of fruits. Tables X. 9, and 10 
s<,nlTllarise the estimated impact of research as a result 
of research in the 6 projects. Only those comlllodities for 
which research has had an impact or it is expected to 
have one are included in the tables. Three projects arc 
linked since PN9313 is designed to replace some of the 
chemical controls developed under projects PNR356 and 
PNXX44. The 'before research' wastage rates for 
PN9313 arc thus the rates that would apply if the chem
ical controls from PN8356 and PN8844 were not avail~ 
able. This is equivalent to setting the 'before research' 
wastage rates to the pre~PNR356 rates, The 'before 
research' rates for PN9313 may not be identical to the 
pre-PNX356 rates if non chemical control methods were 
developed for a fruit under either PN8356 or PNRx44. 

Changes in postharvest costs as a result of changes 

In order to realise the impacts indicated in Tables x, 
9 and 10, changes in postharvest inputs arc often neces~ 
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sary. This leads to changes in postharvest costs. Tables 
11-13 summarise the changes in input costs that have 
been estimated as applying to the technology developed 
in the 6 projects. 

Other assumptions 

eIluee other sets of assumptions have been made in 
the analysis. These relate to the patterns of adoption of 
tropical fruit postharvest technology, the elasticity of 
demand and supply, and the discount rate. 

Little is known about the pattern of adoption of fruit 
postharvest technology. For example, in an annotated 
bibliography of 719 studic, on worldwide adoption of 
innovations (C AB 19R I). there was no study of adoption 
patterns of fruit postharvest technology. In this paper it 
is assumed that the process and pattern of adoption for 
tropical fruit postharvest technology are likely to be 
similar to those commonly observed for farnl~level 

technologies (sec Davis et al. 19R7, 35). Most of these 
research projects take 3 years. It is assumed that after the 
research is completed, about 7 years arc needed to 
develop the research results into a commercially appli-



Table 10. Impacts of the research projects on fruit wastage rates (percent of fruit produced at rarm~kvcl) in Thailand 

Commodities Wastage rates Wastage rates Wastage rates Wastage rates 
PN8356 PN8844 PNY31Y PNYI05j 

Mango 30-+2oa 20 > 15d 30-+10 20-+ 15 

Longan 50-+40b 4{)~'2OC 20-+ 10 

Lychce 50-->40b 4{)-+2OC 20--> 10 30+20 

Ramhutan 4O~30f 30-->20 

Mangostecn 50-->4OC 4O-'30g 30-+20 

Durian .10-+20h 

Notes: 
Blanks in the table indicate that the commodity was not affected by the research project. From column 2.the number to the left of the arrow is the 
estimated wastage rate before research \vhiJe the number to the right of the arrow is the estimated \\'a:-.tagt: rate after research. 

a Dip in hot benomy!. Ho\vcver, hecause ocnomyl is used as a preharvest spray in Thailand, ~OI1ll' resistance 10 the fungicide has been observed. 
b Sulfur dioxide fumigation used to control disease. but there were still problems due to S02 injury to the pericarp and development of off~f1avours 

during storage. 

l' The project developed a Deiter harvesting index 

d The project led to the recommendation of an opt imai C(hlj storage temperature for mangoes and, hy disease control trl'atments, to reductions in 
damage to fruit. 

C Optimum conditions for sulfur dioxide fumigation were established. 

f Usc of plastic over wrapped punnets were recommended to reduce moisture loss and shrinkage at the recommended storage temperature. 

g An opt imal storage temperature was recommended. 

h A waxing treatment was developed which delayed ripening and cracking of fruit during transport to distant markets. 
1 The project commenced in July 1993. Improved control measures for stem~end rot may he developed, which could lead to reduced losses in 
stem~end losses in fruit. 

j The project is developing edible coatings to extend shelf life of fruit. 

cable technology. From then on, the technology is 
adopted by a small proportion of producers or traders. 
The technology then dilTuses to other producers slowly 
until adoption peaks at a maximum level of adoption. 
This maximum level of adoption varies depending on 
the fruit, the country in question, and the characteristics 
of the technology. 

The literature on the empirical estimation of elastici
ties of demand and supply for tropical fruit is limited. 
The elasticity of demand with respect to own price of 
fruit has been assumed to be -1.5. This is consistent with 
the estimate of -1.6 by Santoso and Wahyunindyawati 
(1992) for the own price demand elasticity of mangoes. 
However, Stuckey and Anderson (1974) estimated the 
demand elasticity for bananas in Sydney at -0.8. In the 
sensitivity analysis, a value of -0.6 has been used to 

describe a scenario when demand for tropical fruit is 
inelastic. A relatively inelastic supply curve with an own 
supply price elasticity of 0.1 is assumed in the analysis. 

The discount rate is assumed to be 8%/year. This rate 
is used to discount both the costs incurred and benefits 
received over a 30-year time horizon. llle research costs 
which were incurred before 1991 are adjusted to their 
1991 values by using intlation deflators between 1983 
and 1991. 
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An Evaluation of Six Tropical Fruit 
Postharvest Research Projects 

Tnis section presents results from a preliminary evalua
tion of the AClAR-fundcd tropical fruit postharvest 
research projects. Table 14 describes results of the 
assessments using information and parameter values in 
Tables 4--13. Tl1ese tables lkscribe what is referred to 
below as the base case research impacts. 

Results from the base ease analysis 

In Table 14 the projects are arranged in descending 
order of their net present values (NPV). The ~PV 
(column 7 of the table) is the difference between the 
monetary value of benefits and the research costs of a 
project. over a 30-year period, discounted at a rate of 
8%/year. The internal rate of return (column 8 of Table 
14) is the rate which would be required to equate the 
discounted benefits flowing from the project to the dis
counted research costs. These results depend on a 
number of factors including: 
• the farm-level quantities PI' fruit produced (Table 4) 

- the larger the volume of fruit produced the larger 
the potential benefits: 

• the proportion of (he fruit produced which is likely to 
be affected by the new technology Crable 7) and the 
pattern of adoption of the technology: 



Table II. Impacts of the research projects on fruit postharvest costs in Australia 

Commodities Farmgate price Postharvest Change in Change in Change in Change in Change in Change 
costs postharvest postharvest postharvest postharvest preharvest postharvest 

costs costs costs costs costs costs 
after after after after after after 

PN8319 PN8355 PN8356 PN88844 PN9313 PN9105 
$Nt(1991)a $A/t (1991 )b $Nt(1991) $A/t (1991) $A/t (1991) $A/t (1991) $Nt(1991)i $A/t (1991 ~ 

Mango 1611 2449 +IIC +6f +72 +9 
Avocado 1170 1778 +72 +9 
Lychee 1104 1678 +Og +72 +9 
Rambutan 1150 1748 +IOOh +62 
Banana 904 1374 +850 

Notes: Blanks in the table indicate that the commodity was not affected by the research project. 

a From Table 5 of this paper. 
b Estimates based on Industry Commission (1993,97). 
C Not estimated. Despite the potential delayed ripening benefits in Table 8, the technology is not likely to be adopted in Australia because it works best 

on an early variety of avocados, Fueno, for which growers get a good price before the better varieties come on the market. For this variety farmers 
would like to speed up, not delay, ripening (see ACiAR 1986) 

o This change in postharvest costs is due to: (i) the cost of 50 sealed polyethylene bags and ethylene absorbents ~ $A47; (ii) the cost ofbenomyl ~ $A4; 
and (iii) labour ~ $A34. Labour costs are estimated using relativities in Industry Commission (1993). 

C The cost of benomyl on the assumption that 1.33 kilograms of benomyl is needed with 'top up' and I litre of non-recirculated prochloraz for about 
2750 trays (7 kg each). Cost of benomyl ~ $A59/kg and cost of prochloraz ~ $A I 29/L. 

f Cost of detergent (e.g. Agral) to control sapburn. 
g A more accurate harvesting index wa\l developed and an optimal storage temperature was recommended replacing haphazard practices in existence 

before research. 
h This is made up of $A60, the cost of 1000, plastic overwrapped small baskets (punnets) to reduce moisture loss and shrinkage of fruit at the 

recommended temperature plus $A40 of additional labour costs. 
i The cost of replacing existing trees with new stem-end rot resistant cultivars less the savings in costs of fungicides. The cost of growing trees is ba ... ed 

on Industry Commission (1993, 323). 
j The cost of edible coatings is estimated to be about $A4It. The application of these coatings to Iruit is estimated to add another $ASlt in labour 

costs. 

• the impact of research on wastage rates (Tables 8-10) 
- the larger the reduction in wastage rates as a result 
of research, the larger the potential gain; and 

• the change in postharvest costs (Tables I 1-13) - the 
higher the increase in postharvest costs relative to the 
before research level of postharvest costs, the lower 
the potential gains. 
Though generally all the projects increased both pro

ducer and consumer benefits, consumcrs gained more 
than the producers. The main source of the gains to con
sumer is the decrease in prices of fruit as the retail 
supply of fruit increases. The share of the gains to pro
ducers is influenced by the elasticity of demand for fruit. 
In the base case it is assumed that demand is elastic (own 
price elasticity of demand of -1.5). However, if demand 
is inelastic, producers may lose as a result of technolo
gies developed under the projects covered in this pre
liminary evaluation. 

Sensitivity tests 

Sensitivity analysis was undertaken to assess how the 
preliminary base case results in Table 14 would change 
if the variables in Tables 4-13 took on different values. 
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• Wastage rate reductions 
In order to assess the sensitivity of the results in Table 

14 to the estimated change in wastage rates, the analysis 
was repeated using the assumption that research leads to 
twice the reduction in wastage rates used in the base 
case. Generally, doubling the wastage rate reduction led 
to a doubling of total discounted benefits but increased 
the internal rate of return by only about 7%. 

• Elasticity of demand 
When the demand elasticity was reduced from -1.5 to 

-0.6, the NPVs tended to decrease marginally and the 
IRRs were slightly lower than in the base case. More 
significantly, the model indicates that producers of fruit 
under conditions of inelastic demand (-0.6) may as a 
result of research incur net losses in economic surplus. 

• Change in postharvest costs 
The analysis was repeated with the assumption that 

research leads to a doubling of the base case change in 
postharvest costs. Generally, doubling of the research
induced change in postharvest costs leads to a small 
decrease in consumer benefits, a comparatively larger 
reduction in producer benefits, and a reduction in IRR. 
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Table 12. Impacts of the research projects on fruit postharvest costs in Indonesia. Philippines and Malaysia. 

Commodity Indonesia Indonesia Indonesia Philippines 
Farrngate price Postharvest costs Change in Farmgale price 

postharvc'-,t costs 
after 1't-;83 19 

$Auql(1991)a $Austlt ( 1991 )b $Amn (1991) SAusUI (1991)a 

Mango 834 

Avocado 324 279 +18c 

Ramhutan 

Banana 159 

NOles: 
Blanks in the table indicate Ihat the commodity was not affected by the research project. 
a From Table 5 of this paper. 

Philippines Philippines 
Postharvest costs Change in 

postharvc:-.t costs 
after PN8355 
and PN8356 

$Austlt (l991)b $Auslll (1991) 

717 +lld 

137 +8c 

Malaysia Malaysia Malaysia 
Farmgate price Postharvest costs Change in 

postharvest costs 
after PNS:l55 

and PN8:l56 

SAustit (1991)a $Austlt (l991)b $Aust!t (1991)1l 

719 618 +lld 

528 454 50f 

337 290 +18c 

IJ This is estimated to equal 86% of farm gate price. This estimate is developed from Santoso et al. (1990) for Indonesia and Malaysia. Torres et al. (1984) for the Philippines. and using information in 
Tables 5 and lOin this paper. 

t: The cst imate is hascd on the <1\surnption that this technology is likely to be used oy smal! producers of avocado in Indonesia, producing ahoul 4 t,../year of avocado. Calcium is estimated to cost about 
$A3025 kg bag. The ICchnology requires 4% calcium solution. reusable. Thus a 25 kg bag of calcium is estimated to be enough for about 101 of avocados. The cost in the table comprises (i) 10% 
depreciation on a $A400 simple calcium infiltration machine ($A 1011) plus (iii SA.'t for the cost of calcium. plus (iii) $A5/t added labour costs. 

d See note (e) in Tahle II. 
C This estimate is derived from Table II where it is estimated that the lechnalogy developed under PN8355 is likely to increase postharvest costs by 6.2SC. 
f See nole (h) in Table II. This e.stimate comprises $A45 for plastic overwrapped punnets and SA5 for added labour. 



Table 13. Impacts of the research projects on fruit postharvest costs in Thailand 

Commodities Farmgate price Postharvest costs Change in Change in 
postharvest postharvesl 
costs after costs after 
PN8356 PN8844 

$AusUt (1991 )a $Austft ( 1991 )b $Austft (1991) $Austft (1991) 

Mango 1153 992 + lie Of 
Longan 1499 1287 +12<J<l og 
Lychel' 1845 1587 +129d Og 
Rambutan 519 446 26h 

Mangostcen 1153 992 or 0' 
Durian 1009 868 9i 

NOles: 
Blanks in the lable indicalc Ihal the commodity was nol affected by the research projecl. 
a From Table 5 of Ihis paper. 
b This is eslimaled 10 equal 86% of farmgate price. based on Sanloso el al. (1990). 
(' Cost of fungicide estimated as inJicJled in note (e) in Table II. 
d Co;.,\ of ~ult':ur dioxide. 
C 'll1L'n.' afC no added postharvest costs for adopting a better harvesting and maturity index. 

Change in Change in 
preharvest postharvest 
costs after costs after 
PN93 13 PN9105 

$Austft (1991)k $Austft (1991 )1 

+72 +9 
+44 
+44 +9 
+16 
+44 

f Since cool ;.,Iorage equipment is .. h\lIl11ed (0 be in usc already, there arc 110 added postharvest costs for adopting an opt illla] cool storage 
Icmpcratun.:. 

g Zero added postharvest costs for adopting optimum conditions for sulfur dioxide fumigation. 
h This is made up of SA21. Ihe eSlimated COs I of 1000 plaslic overwrapped small haskels (punnels) to reduce maislUre loss and shrinkage of fruil at 

Ihe recommended lemperalUre. plus $A5 of additional labour costs. 
I Zero added cost for adopting optimum cool storage temperature for fruit. 
J Added cost of waxing fruit is cslimaled at $A4/1 for wax and $A5/t for added labour. 
k Cost of n:pbeing existing trees with stem-end rot resistant eLI It ivars. based on estimate~ in Indu\try Commission (19()3 . .32~) and I3uangsuwon 

(1993: Table 5). 

I Addeo co:...1 of edible coatings technology i:... estimated to be $A4/l for the coatings plus SASit for lahouf. 

Table 14. Results from a preliminary evaluation of six tropical fruit postharvest research projects: the base case. Costs and 
benefits are given in $Aust'O()() (1991). 

Project Project ti tic Consumer 
number bendits 

PN93 13 Non-chemical control offmit disease 74945 
PN8355 Postharvest technology for bananas 49367 
PN9105 Edible coatings for fmit shelf 35820 

life extension 
PN8356 Chemical control of fruit disease 33079 
PN8X44 Cool storage controlled 17729 

atmospheres and chemical control 
PN8319 Vacuum infiltration offruit with 3120 

calcium to delay ripening 

The distribution of benefits between fruits and col
laborating countries 

Table 15 shows the distribution of benefits betwccn 
the different fruits. This rank ordering according to 
potential benefits of research is similar to the ranking of 
production levels of the different fruits. For example, the 
top two fruits in terms of potential benefits are also the 
top two in terms of production levels in the 5 countries in 
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Producer Total Total Net Internal 
benefits benefits research present rate 

costs value of 
return 

5182 80127 I 235 78892 38 
2060 51427 801 50627 48 
7425 43246 1235 42010 34 

4500 37579 1001 36578 41 
2243 19970 1235 IX 735 27 

71 3191 458 2733 21 

the study. The fruit with the least potential to generate 
research benefits is also the one produced in the smallest 
quantities in the five countries. 

Finally. Table 16 shows that all countries collaborat
ing in the rcsearch projects gain. The relative sizes of the 
benefits accruing to the different countries are depen
dent on the relative shares in production of the mix of 
fruit covered under the given project. The results on the 
distribution of benefits between different countries 



Table 15. 'n,t" distribution of gross benefits ($Aust'OOO, 1<)<) I) according to fruits covered by ACIAR research projects 

Project Project title Mango A vocado Longan Lychee Rambutan Mango- Durian Kanana Total 
number steen 

PN9313 Non-chemical control of fruit 46 068 15638 3317 618 )3 0<)8 6388 () 0 80127 
disease 

PN8355 Postharvest technology for ban,mas 0 () 0 0 0 0 0 51427 51427 
PN9105 Edible coatings for fruit shelf 39074 3555 0 616 0 0 0 0 43246 

life extension 
PN8356 Chemical control of fruit disease 29531 0 I 753 183 20S7 4025 0 0 37579 
PN8844 Cool storage. controlled 2569 () 10<)26 22<)3 2860 122 I 200 () 19970 

atmospheres and chcmical control 
PN8319 Vacuum infiltration of fruit with 0 -' 191 () () 0 0 0 0 ,l 191 

calcium to delay ripening 

Table 16. '111C distribution of bcnefits ($Aust '()()() 1991) between countries collaborating in ACIAR projects 

Project Project title Indonesia 
number 

PN9313 Non-chemical control of fruit () 

disease 
PN8355 Postharvest technology for bananas () 

PN9105 Edible coatings for fruit shelf 0 
life extension 

PN8356 Chemical control of fruit disease 0 
PN8844 Cool storagc, controlled 0 

atmospheres and chemical control 
PN8319 Vacuum infiltration of fruit with 3191 

calcium to delay ripening 

reflect the countries which collaborated in the different 
projects. In the recent past. projects in the tropical fruit 
postharvest area have focused on Thailand. This 
explains the larger share of benefits accruing to Thai
land. Similarly. Indonesia has collaborated in one tropi
cal fruit postharvest project to date. Thus. the zero 
entries for Indonesia have no significance other than 
indicating that Indonesia has not collaborated in 5 of the 
6 projects assessed in this paper. 

At this stage the potential spillovers to other countries 
have been ignored. This is due largely to the preliminary 
nature of the results. Since it has not yet been possible to 
collect reliable, verified estimates for the collaborating 
countries especially regarding adoption levels. to esti
mate spillovers to non-collaborating countries is unjus
titiable at this stage. Nevertheless. it is important to note 
that thcse benefits are potentially available. 

Concluding Remarks 

This paper has reviewed methods for the economic 
evaluation of research and their application to posthar
vest research. A summary of past applications indicated 
that there have been no evaluations of postharvest fruit 
research projects. 

Malaysia Philippines Thailand Australia Total 
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0 0 54378 25749 80127 

4075 4{) 679 0 6673 51427 
0 0 39320 3<)26 43246 

2676 158<)<) 15443 3561 3757<) 
0 0 13 8<)3 6077 19970 

0 () 0 0 3 191 

The paper has also illustrated an application of a 
wastage model in the evaluation of six ACIAR tropical 
fruit postharvest research projects. and it provides some 
preliminary estimates of the potential benefits of tropi
cal fruit postharvest research. 

The basic data required for the analysis are given in 
Tables 1-13. Data on production and price levels are 
more readily available for the fruits that are produced in 
large quantities, than for the minor fruits. Even for the 
major tropical fruits, it was not possible to get a data set 
on prices at the different stages in the marketing chain 
(fann-Ievel. wholesale and retail, at least). Without this 
type of data, it is not possible to use econometric tech
niques to estimate own price demand and supply elas
ticity of the different fruits, let alone determine the 
changes in demand of one fruit when prices of other 
fmits change. Cross price elasticities of demand for fruit 
may be important, for example. when consumers have a 
rixed budgct share for fruit. Thus, when prices of tropi
cal fruit decline, consumers may reduce consumption of 
other fmit as they increase their consumption of tropical 
fru i t. 

Data on wastage rates and postharvest costs before 
research were obtained from postharvest research sci
entists who worked on the 6 projects. These data could 



be collected in the research development stages as part 
of the justification for funding. This would ensure that 
projects address issues which are both scientifically 
interesting and economically significant. Estimates of 
wastage rates and postharvest costs after research could 
also be collected in the triating of technologies for com
mercial use. 

While there are many studies of adoption of technol
ogy in the agricultural and manufacturing sectors (CAB 
1981), the study of adoption, and of the factors that 
affect the level of adoption of fruit postharvest technol
ogy has been neglected. Results from such studies 
would improve the quality of data used in economic 
evaluations of fruit postharvest research projects. 
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Regulations and Quarantine in International Trade 

Nathan Ganapathi* 

Abstract 

The international trade community (import and export) often considers the restrictions and non-tariff barriers 
imposed on them by plant quarantine regulations as impediments to trade. The prevention of huge economic 
losses to a country because of the introduction of noxious or dangerous pests is the responsibility of the plant 
quarantine service, and if it is to achieve its objectives of preventing the entry and spread of these economically 
injurious pests tben restrictions are inevitable. 

The three major areas emphasised in this paper are harmonisation of phytosanitary principles; plant quarantine 
procedures; and pest risk assessment (PRA). The first two areas deal with plant quarantine principles and proce
dures, while the third deals directly with the quarantine pests and their interception. A proper understanding and 
management of the pests can assist in the facilitation of trade. 

PLANT quarantine (PQ) regulations which most coun
tries have gazetted into laws give the Department of 
Agriculture or othcr appropriate agency authority to 
regulate plant importation in order to exclude plant pests 
of quarantine significance without restricting commer
cial trade or preventing the exchange of valuable gernl
plasm. Some of these plant quarantine regulations 
clearly mention the requirements and the standards that 
plant materials have to meet before they can be imported 
into the respective countries. The relevant agencies in 
each country have been assigned the responsibility for 
developing and implementing regulations to exclude 
pests of quarantine significance. By law, all important 
plant pests not occurring or not widely distributed in the 
respective countries are considered pests of quarantine 
significance (also sometimes referred to as 'exotic 
pests') and may be the subject of plant quarantine 
agency regulations. 

The international trade community (import and 
export) often considers the restrictions and non-tariff 
barriers imposed on them by the plant quarantine regu
lations as impediments to their trading. The prevention 
of huge economic losses to a country due to the intro
duction of noxious or dangerous pests is the responsibil
ity of the plant quarantine service, and if it is to achieve 
its objectives of preventing the entry and spread of eco
nomically injurious pests, then restrictions are inevita
ble. Some of these barriers and restrictions to trade can 
be removed or reduced by developing appropriate skills 

* ASEAN Plant Quarantine Centre and Training Institute. Post 
Bag No. 209, UPM Post, 43400 Serdang. Selangor, Malaysia. 
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and infonnation systems. This would enable the plant 
quarantine service to deal with the present increase in 
traffic of products and people. With a better understand
ing of, and assistance to plant quarantine regulations and 
services by commercial and trading groups, a number of 
obstacles and restrictions could be overcome. 

FAO and the various plant protection organisations 
[European Plant Protection Organization (EPPO), North 
American Plant Protection Organization (NAPPO), 
ASEAN Plant Quarantine Centre and Training Institute 
(A SEAN PLANTI), Asia-Pacific Plant Protection 
Committee (APPPC)] have devised recommendations 
and guidelines for developing technically sound plant 
quarantine procedures that will avoid unjustifiable bar
riers between trading partners. The three major areas 
emphasised are: 
• harmonisation of phytosanitary principles; 
• plant quarantine procedures; and 
• pest ri~k assessment (PRA). 

The first two of these areas deal with principles and 
procedures of plant quarantine, while the third deals 
directly with the quarantine pests and their interception. 
A proper understanding and management of the pests 
can assist in the facilitation of trade. 

Minimising the Interference of Plant 
Quarantine Pests in Trade and Traffic 

The restrictions, balTiers, and costs encountered in 
operational PQ occur at: 
• inspection and pest interception; 
• treatment or post -entry quarantine (PEQ); and 



• emergency action programs (EAP) to control exotic 
pest outbreaks or infestations due to ncgligent or 
accidental introduction of thc pest. 
These are often an economic cost involving millions 

of dollars to the country. Consignments with acceptable 
phytosanitary standards are cleared. However, if pests 
are intercepted, recommendations are made for treat
ment or post-entry quarantine, or for rejection or 
destruction of the commodity. 

Rejection or Destruction of Consignment 

PQ services have directed their efforts to overcoming 
some of these barriers. Like other plant protection 
organisations, PLANTI has compiled its own list of PQ 
pests, categorised as ASEAN Al and A2 pests so that 
only these pests are intercepted and the presence of 
common or cosmopolitan pests in consignments is of 
little concern. Inclusion of pests on the list was based on 
the potential economic impact of these pests on the 
major crops grown or traded in the ASEAN region. 

To validate listings of PQ pests of various countries, 
FAO and plant protection organisations have recom
mended that, in future, pest risk assessments (PRA) of 
the pests be carried out. The PRA methods rely on bio
logical and economic evidence to justify the inclusion of 
PQ pests on the quarantine lists. Application of the many 
factors involved in the PRA concept is incomplete in 
ASEAN and many other parts of the world. ASEAN 
PLANTI, however, has taken the first steps to acquaint 
and instil in PQ services the concept of PRA in deci
sion-making on PQ pest status. A proper understanding 
and application of PRA would alleviate some of the 
restrictions placed on the movement of commodities. At 
present, there is zero tolerance for PQ pests. With proper 
PRA, a maximum pest tolerance level could be deter
mined for the PQ pests, leading to greater t1exibility and 
reduced incidence of rejection of commodities. Further
more, better pest detection methods and more efficient 
diagnostic and identification services would increase the 
speed of movement of goods in trade. 

The second line of defence against pests are the treat
ments recommended to ensure consignments are pest 
free. Although treatment methods and schedules arc 
constantly updated for appropriate and effective results, 
several problems have emerged regarding treatment: 
• health risks and environmental effects involved in the 

use of chemicals. e.g. the fumigant EDB (ethylene 
dibromide); 

• pesticide residues which exceed the MRL (maximum 
residue level); and 

• development of pest resistance to pesticides. 
One or more of these problems may be eliminated if 

there is preclearance before export, thereby reducing 
pest treatments at ports of entry. Pre- and postharvest 
pest control strategies, storage sanitation, etc. will 
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reduce pest infestations and make exports acceptable. 
Some countries, such as in the European Community 
(E.C.) want neither chemical treatment of consignments 
nor pesticide residues. Their tolerance of pesticides 
(abiotic factors) is zero. They are more tolerant to pests 
(biotic factors) in their imports and are better able to deal 
with biotic factors than with abiotic factors. The reduc
tion in pesticides used will also reduce the incidence of 
pesticide resistance in insects in international trade and 
traffic. Specific bilateral trade agreements between 
countries can help deal with some of these issues and, in 
the process, eliminate some obstacles. 

The development of emergency action programs as a 
safety measure to eradicate or contain outbreaks or 
infestations of quarantine pests, together with proper 
surveillance and in-country monitoring, will help to 
reduce the total reliance on PQ inspection, and pest 
interception and treatments. and thus allow for greater 
freedom in trade and travel. International cooperation 
between PQ services and plant protection organisations 
will help to remove some of the barriers and facilitate 
trade in many ways. 

An outline the 'Proposed Standards and Export Cer
tification Procedures' follows. If these arc adhered to, 
movement of fruits in international trade will be facili
tated. 

Proposed Standards for Procedures 

This set of standards illustrates the considerable number 
of areas of quarantine procedures that will require stan
dards. The incorporation of the projected standards into 
a framework will assist their systematic development. 
Discussion of a framework for standards should also 
indicate to all trading nations that standards will be a 
great help in clarifying issues and justifying phytosani
tary measures. 
• Import specifications standards 

- Pest risk assessment 
- Publication 
E\jJort certification procedure standards 
- Certification administration 

Training and accreditation 
General inspection procedures 
Specific inspection procedures 

• Compliance procedures standards 
Quarantine procedures at entry points 

- Cargo, baggage, postal inspection, and audit 
- Response to non-compliance 

• Pest and disease surl'ei//arlc(' slandards 
Pest and disease lists 

- Regional pest-free status 
- National pcst -free status 
Exotic pest and disease respunse standards 

• Standardslur pest management lIIethods (including 
disinfestation procedures) 



• Post-entry quarantine standards 
Site and/or facility requirements 
Inspection methods and screening tests employed 
Documentation of procedures 

Import Specifications 

Import restrictions are of great concern to trading part
ners. Because they are trade barriers, it is essential that 
they be justified and supported by sound scientific risk 
assessments. Also, details of the restrictions should be 
made readily available to trading partners. Hence, there 
need to be standards or guidelines for: 
• the development of the specifications and entry con

ditions and their documentation; 
• dissemination of this infornlation and, if necessary, 

details of the means of creating the specifications and 
entry conditions, to trading partners. 
The pest risk assessment process (and the pest man

agement process) produces the specification and entry 
conditions. TIle standard procedures used for this by 
quarantine agencies will, it is hoped, be documented and 
give details including how risk assessment is under
taken, what level of acceptable risk is used, the quaran
tine pests identified to date that are of concern to the 
importing country, the pest tolerances, and a standard 
describing how the PRA is documented. The use of such 
standards will allow import specifications to be dis
cussed (and presumably justified) when disputes arise. 

Standards also need to be developed to publicise entry 
condition data. These might refer to: 
• the availability of the data; and 
• the costs, if any, of supplying details of existing entry 

conditions. 

Export Certification Procedures 

Ideally, plant quarantine procedures should cover the 
following areas: 
• import specifications 
• export certification procedures 
• compliance procedures 
• pest and disease surveillance 
• exotic pest and disease response 
• pest management methods (including disinfestation 

procedures) 
• post-entry quarantine. 

A great deal of work has yet to be done to deri ve a set 
of procedures that meets the certification requirements 
of importing countries. In the past, much of the treat
ment of imported products had to be carried out at the 
port of arrival when products did not meet specifica
tions. This is no longer an acceptable practice. If treat
ments are required to make the pest status of a product 
meet the specifications of the importing country, that 
treatment should be applied in the country of origin. 
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To bring about change to current practices, countrics 
must make the decision that non-compliance with spec
ifications is no longer acceptable, and they must begin 
the use of non-compliance measures. This whole pro
cess requires standards for non-compliance action. 

With regard to certification for export, in the past the 
phytosanitary certificate had little value. The systems 
that should be used to inspect and certify confornlance 
to specifications are either absent or not used properly. 
Basically, this is the reason emphasis is placed on the 
compliance inspection at the port of entry. Quarantine 
agencies have to inspect and treat imported produce 
because it frequently does not meet specification 
because of inadequate certification practices. 

This area is one where cost savings must be possible. 
If standards for export certification are devised, then 
countries that adhere to them could perhaps gain some 
form of accreditation that would have their products 
subject to a lower level of compliance inspection on 
arrival at the country of import. 

It is convenient to divide a phytosanitary certification 
system into four component areas. These are: certifica
tion administration; training and accreditation of 
inspectors; general inspection practice; and specific 
inspection schedules. Standards should be constructed 
for subjects within each of these components, since 
trading partners will be interested in all of them if the 
certification system is to warrant special recognition or 
accreditation. Standards could involve: 
• certification administration, including certificate 

issue and recording, 
• training and accreditation of inspectors/auditors, 

including proficiency records of an inspector's 
duties, 

• gencral inspection practice, with sampling plans 
relating to the required confidence levels for pest tol
erance levels, 

• specific inspection schedules for certain pests and 
diseases of high potential significance, such as potato 
wart, fruit flies, citrus canker. 
There are, of course, many standards that could be 

included in the last-mentioned subject area. Each type of 
pest, from insects to vector-transmitted viruses, to soil
borne fungi will require specific certification proce
dures. 
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Overview of the Problems - Session Summary 

Chairman: Dr G. Johnson, CSIRO, Australia 
Rapporteur: Mrs Sing Ching Tongdee, Thailand Institute for Scientific and 

Technological Research 

IN this plenary session, four speakers provided overviews of the issues to be addressed at 
the conference. 

Dr Alex Buchanan from Australia discussed the social, political, and economic issues 
affecting the industry. Changes in workforce size and structure, population demography, 
transport and technology, disposable incomes, leisure activity, political systems, 
education, media and advertising, all affect future prospects. 

Mr Colin Bunt and Ms Maria Piccone from Australia reviewed the significance of 
quality assurance (QA), a system developed in post~war manufacturing industries in Japan, 
and the challenges and benefits of its implementation in all phases of commercial fruit 
production (including research). The authors reminded us that fruit production was part of 
the food manufacturing industry, and recommended the introduction of QA systems in the 
development of our industries. 

Dr Godfrey Lubulwa and Dr Jeff Davis of ACIAR reviewed assessments of the 
economic valuc of rcsearch on postharvest handling of tropical fruit. The authors used 
examples from ACIAR~supported tropical fruit research to assess their economic impact, 
and concluded that, in general, investment in postharvest research had high economic 
benefits. Dr Lubulwa concluded with a call for annual data on fruit production and prices 
which could be used to refonn assessment procedures, and suggested that economic 
evaluation can strengthen rather than weaken the case for our research proposals. 

Dr Nathan Ganapathi from ASEAN PLANTI, Malaysia presented the final paper on 
regulation and quarantine in international trade, reviewing some of the issues of concern to 
traders, and the threats to production that quarantine barriers help contain. Dr Ganapathi 
emphasised three major areas: harmonisation of phytosanitary principles; plant quarantine 
procedures; and pest risk assessment. 

A vigorous discussion followed, especially in relation to assessment of the economic 
impact of research by funding agencies, and to diseases that threatened regional 
production. 
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Marketing of Tropical Fruit 



Prospects for Marketing Tropical Fruits in Asia 

D.C. Minnis* 

Abstract 

A wide range of tropical fmit has been grown in Asia to satisfy traditional local and nearby regional dt'mand. 
With tbe exception of banana and pineapple. the intl'mational trade in these fruit has been slow to lkvelop. 

There are many reasons for this, including the quarantine restrictions that apply to fmit imports. 
This paper analyses and assesses the existing intemational trade in tropical fruit in Asia in some detail. 

including the potentially lucrative markets of North Asia where the climate restricts the production of such fruit 
and makes importation necessary. New development in postharvest treatments, packaging, and disinfestation arc 
looked at from a commercial viewpoint, and strategics to assist the development of the trade in tropical [mit are 
discussed, 

WHILE a wide range of tropieal fruit is grown in Asia, 
with the exception of bananas and pineapples there has 
been no substantial world trade in tropical fruit. 

While banana and pineapple are available year round, 
and arc cheaply produced on large plantations, mallY of 
the othcr tropicals are scasonal in supply and until 
reccntly havc been almost entirely grown on smalihold
ings. 

The Food Market in Asia 

There have been many reports written on the potential 
markets for food products in Asia including fresh fruit. 

In a recent report entitled 'Capturing Opportunities in 
Asian Foou Markets', publisheu in Austral ia by the 
McKinsey Global Institute, there are some interesting 
comparisons given on market size, population, and per 
capita food consumption in Asia, They are worthy of 
reproduction in order to quickly compare the Asian 
markets \Fig. I), 

The report highlights the fact that in many c()untries 
throughout Asia per capita food consumption and food 
imports are increasing rapidly as a result of continued 
growth in disposable incomes, 

The McKinsey analysis of various countries' statistics 
inuicates that in 19XX about 40 million peoplc in East! 
Southeast Asian countries (not including China and 
Japan) were living in households with incomes of more 
than LS$I 0 000, By the year 2000, this is likely to have 
increaseu to over 80 million people, with Korea anu 
Taiwan accounting for more than 60 million, 

* Antico International, P.O. Box 284, World Trade Centre, 
Melbourne, Victoria "OOS, Australia. 
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While this paper focuses chiefly on the opportunities 
for processed foods, the main message for those involved 
in the international traue in fresh and processed tropical 
fruits is that there will be enornlOUS opportunities for a 
whole range of food products over the next decade, 

Reviewing the Markets for Fresh Tropical 
Fruit 

The markets of Singapore, Hong Kong, Taiwan, Japan, 
and Korea represent perhaps the full spectrum that exists 
in Asia. 

Singapore and Hong Kong arc duty-free markets for 
the entire range of tropical fruits. The Japan market is 
slowly opening up to the importation of tropical fruit 
which may, unless properly treated, represent a quaran
tine risk. Taiwan, which produces a wide range of tropi
cal fruits, has severely limited imports, This is as much 
a retlectioll of the politics of the country rather than 
unuue concern about quarantine issues. Taiwan's policy 
with respect to the importation of temperate fruit, for 
instance, is much more liberal than that of Japan's. 
Finally, there is South Korea which is on the threshold 
of deciding whether to further liberalise the impllrtation 
of fresh and processcu horticultural prouucts including 
tropical fruit. 

While fruit fly and couling moth arc pests of major 
quarantine concern to South Korea as they are with 
Japan and Taiwan, the approach that the Government of 
South Korea takes to quarantine will bc critical. It may 
allow internationally acceptable quarantine treatments 
to be used by exporters and so enable immediate trade, 
or it Illay require the verification of every treatment on 
every fruit product that is wanted by importers, This 
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Figure 1. Food markets and consumption in Asia --- 1988 data (White 1992) 

could take many years and so the import trade would be 
opened up slowly, much as has happened in Japan. 

The question of import duties would also need to be 
negotiated in South Korea and Taiwan as the duties on 
fresh fruit are in the range of 30-50% of the cost, insu
rance, and freight (CIF) value. and present a further 
impediment to incrPased trade. 

Singapore 

Singapore, with a population just over 3 million, is 
not a huge market, although with tourism and the ships 
chandling trade, it is larger than may first appear. 

There arc no restrictions on fruit imports into Singa
pore and so the full range of tropical fruit is available to 
the consumers. 

Imports are around 100000-120000 t per annum, 
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with bananas, pineapples and papayas from Malaysia 
representing more than 60% of all imported tropical fruit 
each year Cfable I). 

Undoubtedly, the most sought after fruit in Singapore 
is the durian. When this is available the sales of all other 
fruit, including temperate fruit, decline. The volume of 
durian imports can vary greatly and retlects the effect of 
the season on the supply of the 'king of fruits'. Lychees 
similarly can be in undersupply in some seasons due to 
poor weather conditions causing reduced fruit set. 
Malaysia is the main supplier of durians, and Taiwan 
and Thailand are the main sources of Iychees. 

Thailand has targeted longans, lychees, and the durian 
as fruit with considerable export potelltial and the prices 
for these fruit in Singapore at times supports this deci
sion. Certainly 'chicken tongue' varieties of lychees 
command a price premium as do some varieties of 



Table 1. Imports of tropical fruit into SingalxlrC 

Fruit/major 1984 
suppliers 

Quantity Value Quantity 
(I) ($5'000) (t) 

Bananas Uresh or dried) 
Malaysia 25559 5016 44 225 
Philippines 2275 1756 2023 
Total 27971 6868 46270 
Pineapples (fresh) 
Malaysia 13350 2004 15062 
Total 13355 2061 15377 

Avocados, man[?oes, guams, and lIIoll/iosfeens (fresh or dried) 
India 107 245 51 
Malaysia 1 152 402 4517 
Philippines I 354 4876 858 
Thailand 1 754 1833 2228 
Australia 74 394 543 
Total 4584 8339 8806 

Durions (fresh) 
Malaysia 7841 15784 31080 
Thailand 2245 2322 2944 
Total 10086 18106 34024 

Lon[?ons Uresh) 
Malaysia 202 215 175 
Thailand 3704 10895 1784 
Total 3979 11271 1948 

Lychees (fresh) 
China 99 732 47 
Taiwan 453 I 653 378 
Thailand 453 1653 378 
Total 18030 13926 2285 

Papayas Uresh) 
Malaysia 14636 3262 19825 
Total 14643 3324 19825 

Source: Singapore Bureau of Statistics. 

durian. However, for other tropical fruit such as bana
nas, pineapples, papayas, guavas, mangosteens, and 
rambutans the wholesale prices in Singapore can be very 
modest. 

Longan imports, chietly from Thailand, often exceed 
3000 t per annum, Another popular fruit is the mango 
which is sourced chiefly from Malaysia and Thailand. 
These two countries supply green/yellow-skinned 
varieties and local consumers arc very knowledgeable 
about the differences between many of these varieties. 
The Alphonse types with attractive red blush are 
imported from India and Pakistan, and Australia sup
plies the most expensive Kensington variety during the 
p~riod October to February. 
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1991 1992 

Value Quantity Value 
($S'OOO) (t) ($S'OOO) 

13 309 33587 11001 
1501 2199 1971 

14810 35854 13273 

2402 14898 2475 
2680 15713 3188 

129 129 435 
2752 4575 2863 
2918 no 2848 
1974 1210 
2279 894 3290 

11411 8022 12086 

48280 28542 43423 
2734 320 588 

50995 28842 44111 

320 894 I 175 
3982 3313 8120 
4302 4707 9298 

643 92 936 
754 1039 1205 
754 1039 1205 

5841 1478 3237 

7620 14574 5807 
7620 14574 5 S07 

The Carabao mango from the Philippines is a variety 
which is a little more expensive than, and appears to 
have lost market share to, the cheaper mangoes from 
Malaysia, and since the early 1980s, Thailand. 

Hong Kong 

There arc no quarantine restrictions on the importa
tion of tropical fruit into Hong Kong. 

The fruit market in Hong Kong has been a strongly 
growing one for the past decade. The volumes imported 
are huge, as evidenced by the 120000 t of oranges and 
65 000 t of apples brought in every year. 

Surprisingly, the total volume of all tropical fruit 



imports is often less than that for Singapore and in 1991 
reached I IO 000 t overall. This may indicate that 
oranges, apples, and other temperate fruit are strong 
competitors for the consumers' dollars. Alternatively, it 
could also indicate that there are additional opportuni
ties for well-presented, properly packaged tropical fruit 
in the Hong Kong market. 

in all of these except Iychees, where supplies are finite 
and subject to seasonal tluctuations in the production 
areas of China and Taiwan (Table 2). 

For popular fruit such as mangoes and pineapples, the 
Philippines is the main supplier and this situation is 
unlikely to change. But the market for both these fruit 
has virtually doubled over the past decade. Interest
ingly, Australia was the second largest supplier of 
mangoes in 1991 at 452 t. The main variety shipped 

A comparison of the imports from 1983 and 1991 for 
six tropical fruit, indicates there has been strong growth 

Table 2. Imports of tropical fruits into Hong Kong 

Fruit/major 1983 
suppliers 

Quantity Value 
(t) ($HK '0(0) 

Bammas (fresh) 
Philippines 142H3 35956 
Thailand 4199 7425 
China 3478 5474 
Total 23749 54914 

Pineapples (fresh) 
Taiwan 896 1526 
Philippines 348 988 
China 23 35 
Total 1334 269.> 

Manfioes (fresh) 
Taiwan 15 88 
Philippines 6564 33047 
Australia 6 414 
Thailand 334 1459 
Total 6929 34835 

Avocados (fresh) 
Thailand 92 461 
China 14 12 
Malaysia 
Australia 5 150 
USA 118 1973 
Total 232 2644 

Lychees (fresh) 
Taiwan 1455 6259 
Thailand 28 160 
China 6008 44 728 
Total 7490 51 148 

Papayas (fresh) 
Taiwan 840 2112 
Philippines 5 15 
Thailand 2361 8688 
China 291 568 
Malaysia 192 940 
Singapore 
Total 3712 12504 

Source: Hong Kong Bureau of Statistics. 
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1991 

Quantity Value 
(I) ($HK'OOO) 

31 H72 89291 
3858 25462 
5490 12600 

41645 129573 

24 76 
4408 J3 816 

549 1294 
5019 15 403 

178 1497 
12983 76402 

452 8697 

14706 95779 

1032 8552 
221 508 
156 I 358 
III 2741 
75 2322 

2054 22483 

5210 27 185 
175 2857 

1711 16607 
7102 46769 

1637 10242 
308 1777 
417 732 

10391 82423 
1 509 13787 
1276 109201 



from Australia has been Kensington. although a few 
Irwins, Keitt, and Tommy Atkins have also been 
exported to this market. 

Bananas are largely supplied by the Philippines, with 
China and Thailand providing the remainder of the 
imports of almost 42000 tin 1991. 

The market for papaya has grown strongly since the 
early 1980s with Malaysia emerging as the dominant 
supplier. 

Lychee imports stood at 7490 t in 1983, 7674 t in 
1984, 8096 t in 1985 and 7102 t in 1991, the latest full 
year for available statistics. In 1986 imports exceeded 
II 000 t. These figures tend to suggest that supply of 
Iychees rather than the demand has been the major limi
tation to expanded imports. 

Avocados. which are not a popular fruit, are now 
being imported in greater volumes but remain small at 
2000 t per annum. Thai land has emerged as the main 
supplier. 

In 1991, there were 24230 t of other tropical fruit 
imported into Hong Kong, with 20092 t coming from 
Thailand. There is no specific breakup of these figures 
as is available from Singapore Bureau of Statistics but 
durians and longans are expected to be the most impor
tant. This import trade has grown from 7631 t in 1984. In 
1985, 12531 t of other tropical fruit was imported into 
Hong Kong with 10243 t derived from Thailand. 

Taiwan 

With a population of more than 20 million and rising 
per capita consumption in food. Tai wan is scen as a 
potential market for some tmpical fruit in the future. In 
the past, Taiwan has been reasonably self sufficient in 
many fruits including tropicals. IIowever. with limited 
opportunities for expansion of fruit growing areas, 
Taiwan will increasingly look to foreign suppliers to 
meet market demand. This is reflected in the increase in 
imports of fresh fruit of over 15% per annum in recent 
years. 

In 1990, total fruit imports, volume 175420 t, were 
valued at LJS$165 million. As can be seen from Figure 
2. apple imports accounted for over 55% of total fruit 
imports. 

The USA is the major supplier of fresh fruit to 
Taiwan, supplying 84% by volume of the total import 
market in 1990. 

Over the period 199()-()2 the only lmpical fruit 
imported in any quantity into Taiwan has been the man
gosteen. In 1990 imports were %4 t and by I <oJ92 this has 
grown to 5656 t (Table 3). 

For many other tropical fruit, Taiwan is a significant 
exporter to other parts of Asia. In I <oJ90, Taiwan shipped 
48120 t of bananas to Japan and Korea. and 3742 t of 
pineapples, principally to Japan. 

In the same year, exports of lychees reached 6190 t, 
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with more than 1000 t being shipped to the following 
markets: Canada. Hong Kong. Japan, Philippines, and 
Singapore. 

The main season for Taiwan lychees is May-l uly, for 
carambola November-February, for guava September
March, for mango May-July, and for papaya September 
-December. 

While fresh fruit exports peaked in 1987 at 156500 t, 
there has been a decline ever since clue to competition 
from Ecuador and the Philippines in many of Taiwan's 
traditional export markets. By 1990 only 82 900 t of fruit 
were exported by the Taiwanese fruit industry. 

Grapefruit 5.2% 

Grapos R2'lj" Kiwifruit 2.5% 

l<'ig.2. Fruit imports into Taiwan in 1<)<)0 

Japan 

Imports of tropical fruit into Japan are still somewhat 
restricted given the concerns that the Japanese have 
about fruit fly. 

Green bananas and pineapples arc not regarded as 
hosts for fruit fly and so imports are substantial. 

As the import figures illustrate in Table 4, over the 
past two years banana imports which used to exceed 
900000 t have now settled back to around 750000-
800000 t per annum. The main suppliers are the Philip
pines and Ecuador, followed by Taiwan. Japanese 
importers arc contlllually trying to develop additional 
South American suppliers such as Panama, Honduras. 
and Costa Rica. 

Pineapple supplies come chiell), from Taiwan anel the 
Philippines. allhOllgh Taiwan lllay be replaced by sup
plies from Indo-China in the future. Total imports vary 
between 120000-140 000 t per annum. 



Table 3. Imports of tropical fruit into Taiwan 

Fruitimajor 1990 
suppliers 

Quantity Value Quantity 
(t) ($TW'OOOj (t) 

Mangosteens (fresh or dried) 

Indonesia 162 7273 880.9 
Malaysia 7 308 28.9 
Thailand 780 34187 506.2 
Vietnam 

Total 964 42394 I 413.4 

Source: Taiwan Bureau of Statistics 

Imports of mangoes have grown slowly due to qua
rantine difficulties. In 1992 just over 8000 t were 
imported. The main suppliers are the Philippines and 
Mexico, but there were 10 countries shipping mangoes 
to Japan in 1992. In Australia, the Japanese market is 
viewed as a potentially good one for mangoes, hence 
research on vapour-heat treatment of the main variety 
Kensington Pride has received high priority. 

Papaya imports likewise have been restricted because 
of the difficulty in developing a commercially accepta
ble disinfestation treatment. In most years Hawaii is the 
sole supplier, with imports around 5000 t per annum. 

Avocado imports are even smaller than papaya at 
around 2500-3500 t per annum, but there is the percep
tion that there is potentially a very good market in Japan 
for avocados, particularly if the fruit is properly pro
moted as cholesterol free. Imports are mainly from the 
USA and Mexico, and occasionally from New Zealand. 

Some years ago the Japanese MAFF was embarrassed 
that they approved a treatment for the control of Fullers 
Rose Weevil in Florida grapefruit that proved to be 
commercially very risky. As a result, there were years 
when importers lost millions of dollars (U.S.) due to 
fruit injury problems and that has resulted in a very 
conservative approach being adopted by Japanese qua
rantine officials. This is quite correct for there is no point 
in approving a disinfcstation treatment that is not com
mercially viable. Hence, in developing a disinfestation 
treatment for the Japanese market, data on the extent of 
fruit injury has to be included in any submission. 

The potential for some of the other tropical fruits may 
be covered in a later conference paper. However, when 
Japanese importers come to Australia there is always 
quite genuine interest in fruit such as lychees, rambu
tans, and mangosteens. 

South Korea 

South Korea has a population of 44 million people 
with little or no ability to grow tropical fruit. 
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1991 1992 

Value Quantity Value 
($TW'OOO) (I) ($TW'OOO) 

38254 3045.2 120075 
1095 250.5 9095 

19 119 2282.7 87535 
45.0 1,377 

58483 5656.8 219390 

In 1990 a decision was made by the government to 
open up the domestic market to imported bananas. Prior 
to 1990, there were small quantities grown in plastic 
houses on the island of Cheju, and controlled imports 
from Taiwan. 

In 1989 total banana imports were 21 169 t, but by 
1991 the quantity of imports had grown dramatically to 
314748 t worth US$203 million (Table 5). 

Similarly, in 1991 the domestic market was opened to 
pineapple imports for the first time. In 1991, some 3893 
t were imported. However, in the first 7 months of 1992 
imports were already 3261 t with the Philippines, Thai
land, and Vietnam the main suppliers and for the full 
year imports were expected to exceed 6000 t. 

Given that the government has now opened the 
market to banana and pineapple imports, it is hoped that 
other tropical fruit will be permitted entry in the near 
future, provided quarantine restrictions can be over
come. 

In 1991, just under 1 t of mangoes were imported 
from the Philippines and 7.8 t of avocados. The USA 
and New Zealand, both regarded as free from fruit fly, 
were the countries supplying the avocados. 

No other tropical fruit were imported into South 
Korea in 1991. 

Strategies for Marketing Fresh Tropical 
Fruit in Asia 

Exploit seasonal advantage 

Each country needs to fully exploit their seasonal 
advantage in the production of tropical fruit. 

To extend the season from anyone location, storage 
and packaging techniques can be used. In recent years 
the development of laminated films which combine 
several characteristics such as moisture retention, partial 
permeability to gases, and the ability to absorb waste 
odours including the ripening gas ethylene, are close to 
commercial realisation. 



Table 4. Imports of sOllle tropical fmits into Japan 

Fruit/major 1991 1992 
suppliers 

Quantity Value Quantity Value 
(I) (Yeld)OO) (I) (Yen'OOO) 

Bananas (jl-esh) 
Ta i v." an 'i4072 6645 542 65 no 8 021434 
Philippines 'i~6 X53 44466049 546 S60 4617356.1 
Panama I ~ 205 SO'i 510 2 194 213 521 
Ecuador IYi 016 10045130 152163 II 892068 
Hlmduras 'i90'i 37'i 529 3738 324 174 
Co~ta Rica 5692 597739 
Total So] 339 62820772 777 175 68218674 

Pineapples (jl-eshj 
Taiwan 225H 299 n6 1975 27 2241 
Philippines 135414 6824 164 1253'il 6923 8.1r, 
Total 1.17786 7134317 127465 7207567 

11 v()('udos (j;'esh) 
USA 1010 430342 2160 r,24282 
Mt':-..ico 1645 4449,\ I 1398 356422 
Total 2 (,65 879881 3558 %0704 

Mllllgoes (jiDh) 

Thailand 20 9070 18 11671 
Philippines 5768 1973 371 7270 2 1(,5 249 
Mc.\.ico I 036 548 np. 734 397 292 
Tai\\'an 46 4162 14 7789 
Total 6880 2564 726 X 058 2598147 

Papllyas UI-cshj 
Taiwan 2 I 0.14 
USA 'i 268 26.19 ORR 5 182 2359948 
Total 5271 2640 122 5 197 2366 171 

Source: Japan Bureau of Stati"tic'-, 

Table 5. Imports of some tropical fruits into South Korea 

Fruit/major I<)P.<) 1990 19<)1 

suppliers 

Quantity Value Quantity Value Quantity Value 
(I) (USS'(K)O) (t) (US$'OOO) ( t) (lISS'OOO) 

BIIllllna" (jrcsh & dried) 
Taiwan 20126 14823 14830 11846 15 5':;~ 1.1 253 
Philippines 1043 663 7004 541l) 129 'iOO X~ 057 
Ecuador 150 l)90 'on X96 
Vietnam 14222 4964 
Tot,,1 21 169 I" 4~7 21 S.14 17266 .1 14 7-IS 203 512 

A l"(}cad()s (fresh) 
liSA 18 ~ I 10 80 25 
NI I 4 3 15 
Total 19 X'i 10 80 8 40 

Pin('(lfJl'/Cs (/;'nhj 
IndorlL· . ...,ia 45 31 
Philippine' 35S5 2085 
Th"tland 8.1 60 
Taiwan 277 226 
Total 0 0 0 0 3 89.1 3 126 

Source: Republic or Korea Bun:au or Statistics 
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Rcduccd usc of chemicals 

The worldwide concern by consumers about the 
chemicals used in food production systems can but 
increase in the future. 

In orchards, the use of insecticides, fungicides, miti
cides, and herbicides will come under close scrutiny. 
Using integrated pest management techniques, produc
ers will in the future be able to greatly reduce the amount 
of chemicals used in the field. 

Arter harvest when the fruit is ripening, there has 
been great reliance placed on timely, effective, and 
often specific chemical control of postharvest rots. In 
some instances the efficacy of the chemical treatment 
can be improved by heat, for instance, as is used for 
mangoes. 

In recent interesting work on pome fruit, researchers 
arc finding that antagonistic yeasts can be used for the 
control of a number of postharvest rots. While the yeasts 
at this stage cannot completely replace the chemicals, 
thcy can allow the conccntration used to be greatly 
reduced, particularly in the presence of inorganic addi
tives. 

]lle biological control of postharvest rots in tropical 
fruit will be an important area of research in the future. 

Dcvelopmcnt of non--chcmical disinfcstation 
trcatmcnts 

While this development has gone further with tropical 
fruit because of the demise of ethylene dibromide (EDB) 
than with temperate fruit where methyl bromide is still 
available for disinfestation, there is little doubt that all 
disinfestation treatments for the future will bc non
chemical. 

Although a number of countries in Asia accept irradi
ated food, including fruit, the reality is that evcn if the 
variety of a particular tropical fruit could withstand the 
treatment, the consumer acceptance of such a treatment 
is highly questionable. This situation is not likely to 
change in the short term. 

Dcveloping total quality managcmcnt systcms 
(TQI\1) for the industry 

If consumption of tropical fruit in Asia is to continue 
to expand, there is a need to develop TQ\l systems that 
increase consumer confidence. 

If fruit is harvested at the right stage of maturity, 
given the appropriate postharvest treatment, precooled 
as required before or after packing, and placcd in prop
erly constructed containers or cartons that will protect 
the fruit in the rigours of the marketing system in Asia. 
then there is every chance that the product will outturn 
more reliably. 

This will involve assessing how the product is cur-
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rently handled, possible improvements, and the prob
lems. By developing a TQM system involving the 
growers, packing sheds, and the marketcrs, and educat
ing thcm on what is specifically required for each fruit, 
the end result will be increased consumption in existing 
and new markets. 

Gctting greater value for the product 

In the markets of Singapore, Hong Kong, Malaysia, 
and ']nailaml, there is a wide range of tropical fruit 
available to consumers. It is of variable quality in many 
cases. Tropical fruit produced locally or in the region 
often commands a relatively low price in comparison 
with imported tcmperate fruit. 

There is no future in producing large quantities of 
variable quality low-value fruit. The challenge for the 
futurc is not only to increase the consumption of tropical 
fruit in Asia but also to increase the price so that pro
ducers can get a return on their investment and arc pre
pared to make improvements. 

With increasing disposable income, consumers in 
Asia will demand better quality and presentation. 
Rctailers similarly will no longer tolerate the spotty. 
marked, mixed ripe local fruit but will demand that these 
fruit are of similar standard to imported produce from 
the USA, Chile, Australia, or Israel. The supermarkets 
will be thc first retailcrs to demand this improvernent in 
quality. 

Throughout Asia there are major changes occurring in 
retailing. Although traditional wet markets continue to 
be the main outlet for fresh fruit, their proportion of the 
total retail trade is declining. For instance, in Hong 
Kong the two chains of Well come and Park-n-Shop 
have more than 350 outlets between them. In Indoncsia, 
the Hero supermarket chain has 46 outlets and leads thc 
other chains Gelael and Golden Truly. 

In Taiwan in 1992 there were an estimated IRS 
supermarket outlets and the number was growing. The 
Hong Kong Well come group alone has opened more 
than 50 outlets over the past 4-5 years. 

Greater usc of branding and promotion 

Asian consumers regularly purchase fruit and are 
aware of the health bencl'its of this product. However. 
these consumers are often conservative in their buying 
attitudes. For instance, Iychees are available in summcr 
not at Christmas time. Promotion will be needed to 
introducc new varieties and to encourage all year round 
consumption if supplies arc availablc. 

Branding is quite well developed in Asia and consu
mers react well to it. An example is the price differential 
achieved for different brands of oranges at anyone time 
in Hong Kong. During June 1993, 17 brands of Califor
nian Valencia oranges were on the market with thc price 



varying between $HK 135 and $HK 115 for the same size 
of fruit. This $HK20 variation per 20 kg carton is at the 
wholesale level. TIle variety of orange is the same, the 
count or size is the same as is the carton, but the brand 
or image is different. 

The marketers of tropical fruit in Asia could well look 
at the success of the Californian citrus industry and learn 
from it. The strategies these growers, packers, and mar-
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keters have dcvclopcd could be applied to the marketing 
of tropical fresh fruit out of Asia in thc future, 
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Trends and Changes in the European Market for Tropical 
Fruits and Their Impact on Technology Requirements 

Felicity J. Proctor and John P. Cropley* 

Abstract 

The European market for the major imported tropical fruits; pineapple. mango. avocado, and papaya has contin~ 
ued to expand. During the period 1987-1992 there was an II % increase by volullll' of imports. The market share 
of minor tropical lruit has continlled tl) grow but at a slower rate. Changes in market arrangements within the 
European Community markd have enabled the strengthening of trans-European importn'ciistributors. This. 
combined with an incrcasing share heing taken by multiple retailers for retail sales oftrorical fruit. has influenced 
the marketing strul'lurc. placing new and more rigorous demands upon suppliers. 

There exists within Europe a heightened awareness on the part of the consumer to issues of product quality and 
food safety. as well as to the cnvironllll'ntal and social impacts associated with food production and marketing. 
These are addressed in thc context of their impact on the organisation offruit cxport industrics. the application of 
technologies, and the need for invcstment in infrastructure. 

TIle international fruit trade is now strongly market driven, demanding vertical integration and the delivcry of 
produce within a framework of total quality assurance. 

OVER recent years there has continued to be a steady 
growth in the import volume of mainstream and exotic 
tropical and SUbtropical fruit. This rate of growth is 
slower than that experienced in the early 19ROs and may 
fall in 1993 as the economic recession spreads across 
Europe. Overall, the increase in imports of pineapple, 
avocado, mango and papaya by volume at II % has not 
been matched by total valuc at 7'k for the period 1987 to 
1992. During this period, the longer term trend in prices 
has been downward, reflecting increasing competition 
between suppliers and the impact of economic slow~ 
down on consumer demand. The fall in the value of the 
U.S. dollar between 1987 and 1992 has also contributed 
to the slower rates of growth in value when measured in 
European Currency Unit (ECU) tenns. Table I provides 
the European import figures by volume and value for 
1992 for selected tropical and subtropical fruits exclud~ 
ing bananas together with a summary of 1987 import 
data. Table 2 presents the export volumes to the Euro~ 
pean Community (E.C.) market by the major countries 
of supply in 1992. 

Pincapplc 

Pineapple continues to playa dominant role in the 
E.c. tropical fruit market with a 15'; growth in volumes 

* N~tural Resources Institute, Central Avenue, Chatham Mari~ 
tilllC'. Kent \1E4 4TB, United Kingdom. 
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imported between 1987 and 1992. France remains the 
largest importer and the principal supplier continues to 
be the Ivory Coast. which together with Costa Rica takes 
74% of the total market share; other suppliers include 
Dominican Republic. Honduras, and Ghana. Some 
61 000 t of imported pineapples were re-exported within 
the E.c. in 1992. the main trade !lows being from the 
Benelux countries and Germany to other E.C. member 
states. The major suppliers offer fruit all year around and 
the industry is based on sea transport. 

Avocado 

E.c. imports of avocados fell by 13'1<, between 1987 
and 1992 as aresultofheat and wind damage to the Israeli 
industry in 1988. France continues to be the major E.c. 
market importer, with the principal suppliers, Israel and 
South Africa, sharing 73% of the total E.C. market. In 
1992 sellne 8500 t were re-exported from France, mostly 
to Gem1any, but also to the U.K. and The Netherlands. 
The calendar of supply, with Israel offering during Octo~ 
ber-May and South Africa .Ylarch-December, enables 
these two sources to service demand throughout the year. 
Other suppliers include Mexico and Kenya. 

Mango 

Mango imports, although with overall smaller vol
umes of supply than pineapple and avocado, have shown 



Table I. Eurorx:an imports (1) of some major tropical fruits in 1987 and 1992 

Country Pineapples Avocados Mangoes~ Papayas Otherb Other" 

Bel-Lux 51 712 1 137 1513 392 468 486 
Denmark 1055 1710 86 15 0 115 
Gcnnany 24923 1473 3312 1773 476 5531 
Greece 239 1657 17 0 3 0 
Spain 24298 1722 287 47 2 8 
France 71468 62412 9872 840 6043 1983 
Ireland 311 0 I 2 0 0 
Italy 31:271 267 550 270 167 31 
Netherlands 9492 5 145 12932 2332 316 3615 
Portugal 0 77 1660 413 8 24 
United K ingdoll1 13879 12250 12221 I 818 I 517 2820 

Total 1992 228648 ':',7850 42451 7902 10 ()()() 14613 

Total 1987 199213 101 211 24796 4198 

% change volume 1987-92 15 -13 71 88 d d 

Value IOO() ECUe 

1992 131666 105961 56779 12306 26038 22906 
1987 128987 111 137 39041 6996 
% change value 1987 92 2 5 45 76 d d 

SOLlrees: EUROSTAT 1992. E.vtemaltrade, import statistics A 01-24; NIMEXE 1%7. Analytical tables of foreign trade. 
a Incltldl'~ !;uaV<-i and mangOsleen<; 

t1 Frc"h t~m~arind"_ cashew'--apple ..... )~(hct''''' jackfruit. sapodillo plum" 
r Pa;-,:-;ionfruiL pcr .. ,immons. other "(OIlL' fruit..,. other berries ex\':llIdin~ F.e imports from tempn,lil' countries 
J Changes in cL.L""ification prevent a direct comparison with ei.lrlier )d,',Ll"'" 

l' EXLilan"c ratcs: 1987. I FeU ~ LS~ 1.15; I ()n. I ECU = USS 1.2(). 

significant growth in both volume and value. The major 
market for mango continues to be the 1I.K. (29% of the 
E.c' total), followed by France (229'<.). The Netherlands 
imports over 30'/« of all mangoes in the E.c" bll1 then 
re-exports these to other member states; consumption in 
the Netherl~nds therefore accounts ror only 15'lr of the 
E.c, total. The main suppliers in 1992 were Bra/.i1, 
LISA, Venezuela, Mexico, and Israel. The relatively 
short season of supply from all source, means that no 
single country dominates the supply base and fruit are 
sourced from over 25 ditTerent cOllntries. 

Papaya 

Whilst significant growth has been seen in the import 
vol umes for papaya over the past 5 years, this has been 
from a small base and the total volume remains rela
tively low at 7902 t in 1992. Brazil and Costa Rica 
domin~lte the supply base, buth having the capacity to 
produce fruit all year around. 

Minor exotics 

A wide range of minor tropical fruits arc imported into 
the E.c' from sources throughout the world. Larger 
volume items include Iychee, passionfruit, persimmon, 
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and carambola, but the list extends to include guava, 
cape gooseberry, breadfruit, mangosteen, rambutan, 
kumquat, and eherimoya. The classification of records 
on imported volumes and value or these lines has 
changed over the past 5 years within the EC" preventing 
direct comparisons of 1992 figures with earlier years. 
However, as with major tropical fruit imported into the 
E.c" the minor exotics have also seen a relative reduc
tion in the rate of growth in the market in recent years. 

General 

The concentration of market share held by a relatively 
small number of suppliers is worthy of attention, as arc 
the shifts in sources of supply over time. Taking mango 
as an example, and taking account of the increase in 
volumes marketed, over the period 1987 to 1992 the top 
five exporters maintained approximately a 50'k) share, 
Brazil, Venezuela, and Mexico remained in the top five 
throughout the period, whereas Mali and Burkina Faso 
fell to becollle minllr suppliers. Puerto Rico (LISA) aml 
Israel, however, rose from insignificant levels to being 
suppliers within the top five. An analysis or these 
changes may be illuminating and might expect to be 
related to the level of the technological base and the 
application of such technology within aggressive 



Table 2 Major exporting countries to the European Community in 1992 by volume (t) 

Pineapples Avocados Mangoesa Papayas Otherb OtherC 

Ivory Coast 132062 Israel 37445 Brazil 7635 Brazil 3960 Madagascar 5578 Israel 2885 

Costa Rica 38271 South Africa 26640 USA 5 190 Costa Rica 1726 South Africa 3916 Malaysia 2400 

Dom Republic 28891 Mexico 10423 Venezuela 3208 Jamaica 936 Thailand 298 Iran 1932 

Honduras 13920 Kenya 6614 Mexico 3086 Malaysia 253 Mauritius 58 Thailand 112 
Q\ 
-..J 

Ghana 7126 Brazil 742 Israel 2507 Ivory Coast 208 Israel 53 Colombia I 115 

Others 8378 Other 5986 Others 20825 Others 819 Others 97 Others 5 169 

Total 22 8648 Total 87850 Total 42451 Total 7902 Total 10000 Total 14613 

Source: EUROSTAT 1992. External trade. import statistics A 01-24. 

a Include~ guava and mangosteens. 
b Fresh tamarinds. cashew-apples. Iychees. jackfruil. sapodillo plums. 
C Passionfruit. persimmons. other stone fruits, other berries excluding E.C. imports from temperate countries. 



marketing systems. West Africa is unlikely to have held 
such a technological capacity, in contrast to its competi
tors in Puerto Rico and Isracl. Despite the efforts there
fore of the early/mid 1980s, West Africa has been 
unable to maintain its competitive advantage and thus 
market share. 

E.C. tariff arrangements 

Fresh tropical fruit entering the E.C. are subject to one 
of three possible tariff arrangements depending on the 
country of origin. The three broad tariff groupings are: 
the E.c. Common Extemal Tariff (CET); African, Car
ibbean, and Pacific (ACP) preferential terms; and the 
Generalised System of Prekrences (GSP) for develop
ing countries outside the ACP group. There are, how
ever, a number of exceptions whereby specific country 
tariff arrangements arc in place. 

The E.C. CET is levied upon tropical fruit imports 
from outside the E.c., excluding the ACP countries and 
developing countries which fall under the GSP. The 
tariff rates applicable vary by tropical fruit and, for some 
commodities - avoeados, for example - the time of 
year. Tropical fruit from ACP countries enter the EC. 
market duty-free, while developing countries not signa
tory to the Lome convention receive preferential treat
ment under the GSP scheme. Israel is the major 
beneficiary of individual country preferential tariff 
arrangements. Table 3 presents, for a selection of tropi
eal fruits, the rates of duty applicable under the E.c. 
CET, ACP, GSP, and for Israel. 

Table 3. EC, CET. ACT and the CiSI' rates of duty on 
selected tropical fruits ('Yr. ad valorem) 

Fruits CET ACI' GSI' Israel 

Pineapple <) 0 <) 9 
Avocados 
I Dec-·JI May 4 0 3.5 0 
I June-30 Nov 8 0 6 0 
Mango 4 0 4 0 
Papaya 2 0 0 2 

Source: HM Customs and Excise Tariff 1991. 

The ratification of the current Uruguay Trade talks 
would have significant repercussions on the current tariff 
regimes. Large reductions in the E.c. CET are projected 
for tropical fruits. TIlese would be in the order of 50% 
and may even entail the complete rell10val of duty. In 
such a situation, the GSP would also have to be amended. 
In recognition of this, a major review of the GSP scheme 
is due once the outcome of the current GAIT round is 
known. The ACP countries will be subject to increased 
competition and, in cases of the complete abolition of 
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duty, will have no clement of protection. Tropical fruits 
which are grown in member E.c. countries, e.g. avoca
dos in Spain. will continue to be afforded an element of 
protection. Tariff reductions are therefore likely to be 
more modest, perhaps in the order of 20%. 

Distribution Structure 

The completion of the European internal market in Jan
uary 1993 has seen an increase in the establ ishment of 
trans-European import/distribution companies. The 
majority of major national import companies have now 
formed either marketing and distribution arrangements 
with sister companies in each E.C. member state and/or 
take-overs have taken p I ace. 

This reflects the growing interest on the part of the 
major import companies in Europe to have the capacity 
to market and distribute throughllut Europe, increasing 
not only market share but also the capacity to move in 
and out of specific markets depending on the prcvailing 
supply and demand situation. 

The role of small individual country-orientated 
importer/ distributors is likely to diminish over time 
with the exception of specialist importers supplying 
ethnic minority groups unique to, or focused within, 
particular geographic regions of the E.C. 

The multiple retailers have taken an increasing share 
of the retail distribution of fresh fruit across Europe. 
This is seen particularly in the U.K. whcre their share 
has risen from 22 C/', in 1976,43% in 1987, to 53(lr in 
1991. The larger U.K.-based multiples have major 
expansion plans including expansion into other E.C. 
member countries. Such expansion means an increase in 
shelf space for produce with the potential for an increase 
in volumes handled. 

At the same time, however. thcre is an upsurge in 
discount multiple-retail stores and with this, the possi
bility that produce will become caught in the aggressive 
downward pressure on prices established in order to 
attract overall retail mUltiple market share. The direction 
in which multiple retailing moves will influence the 
consumer purchasing pattern as well as the future role 
and structure of the traditional wholesale market and 
independent retailer. 

Suppliers to multiples are increasingly required to 
offer 12-month delivery of each product line, at a con
sistent and pre-specified quality and within a stable or 
pre-determined price structure. 

Legislation 

The European Community has been formulating legis
lation to ensure that each member countries' regulations 
relating to the fru it trade operate in harmony. Any 
national initiative that distorts trade and competition or 
has a protectionist character is seen to be incompatible 



with the Treaty of Rome. The main issues which con
cern tradc in fresh producc arc as follows. 

Quality contrni 

The recent directives centre upon the methods to be 
adopted in order to police and monitor quality standards 
of produce moving into the E.c. and between member 
states (Anon. I 992a). Some 40 fresh horticultural com
modities arc covered by current E.C. legislation relating 
to quality. 111e crops included are primarily those within 
the E.C. Most tropical fruit imported into the E.C. is not 
covered by quality standards. although a range of pro
posed and guideline standards for quality are available 
through the UN/ECE (1991). Under the Joint FAO/ 
WHO Food Standards Programme. the Codex Alimen
tarius Commission has a schedule of activity to define 
guideline standards for carambola. Iychee, mango, 
papaya, pineapple and prickly pear by 1993; avocado 
and bananas by 1995 amI oranges. persian limes, pum
melo and mangosteen by 1997. The report of the fourth 
session of the Codex Committee on tropical fresh fruit 
(FAO/WHO 1993) outlines the present status of these 
proposals. 

Food safety 

U.K. national legislation relating to Food Safety and 
Consumer Protection incorporated in the Food Safety 
Act of 1990 (Anon. 1(90) is likely to contribute to the 
structure of future E.C. legislation. A draft directive 
aims to harmonise food hygiene standards across the 
E.C. and supports the principle of 'mutual recognition of 
safety standards by raising confidence in the existing 
standards of hygiene and food safety at all stages of the 
production and marketing chain in each E.c. member 
state'. Distributors of fresh produce in the U.K. are 
placed under legal obligation to take all reasonable pre
cautions and exercise all due diligence to assure a 
number of critical quality and safety characteristics of 
fresh produce. 

Food Hygiene Regulations in the U.K. (Anon. 19(1) 
have specified that foodstuffs, including in the context 
of fruit and vegctables, pre-prepared and semi-prepared 
products. must be stored below 5°C. 

Pesticide residues 

There are two broad lines of approach being adopted 
in the E.C. related to pesticide controls. one concerned 
with liability and legal obligation and the other with 
specifications for maximum residue levels (MRLs). In 
the U.K. the Food lind L'1/\'irol/lIIcllIal Protection Act 
(Anon. 1985) provides that it is a defence for a person 
charged for an infringement of the pesticide rcsidue 
legislation to prove to the courts that 'all reasonable 
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precautions and all due diligence WCfe exercised in order 
to avoid liability of an offence'. The subsequent Pcsti
cide (Maximum Residue le\'cls in Food) Regulations 
(Anon. 1988) make it an offence to leave or causc to be 
left on produce residue levels exceeding the MRLs. This 
placed responsibilities with the producer. Subsequcnt 
legislation in the U.K. and proposed E.c. regulations 
and directives will allow criminal liability to Iic at any 
point along the production, marketing, and distribution 
chain. 

These 1985 and 1988 Acts in U.K. have therefore had 
a significant impact on the structure and relationships 
within the chain; including those buyers procuring pro
duce from outside the E.c. 

The 1988 Act was the driving force behind the devel
opment of a 'Code of Practice for Pesticide Control for 
Produce Marketing Organisations' (Anon. 1992b). This 
codc of practice has been adopt cd by the majority of 
players in the horticultural crop industry within the U.K. 
and now intluences sourcing worldwide. 

Progress on harmonisation of pem1itted MRLs has 
been slow. Over 50 substances for usc on products of 
plant origin should fall under harmonised E.C. legisla
tion by the end of 1993 (Anon. 1992c). 

Phytosanitary Regime 

The phytosanitary regime has been ham10nised and a 
revised directive came into force in June 1993 (Anon 
1992d,e). Phytosanitary certi ficates for products origi
nating in the E.C. have bcen abolished for products 
transported between member states. Entry of some 
products into certain member states, e.g. some citrus 
into Greece, Italy. and Corsica, is prohibited. All other 
fresh fruits will. in principle. be allowed to entcr the E.c. 
if they meet the specific demands of the E.c. Phytosan
itary Services in advance. A list of temperate fruits 
requiring phytosanitary certification has been drawn up. 
To date, those crops which require phytosanitary certi
fication include citrus, Annona sp., persimmon, mango. 
and passionfruit; the requirements for other tropical fruit 
remain under discussion. 

Food Additives 

Harmonisation on food additives remains under dis
cussion with proposals pending. The current proposal 
(Anon 19921) may pcrmit beeswax (E90 I), carnauba 
wax (E903). candelilla wax (E)02). and oxidised poly
ethylene wax (E914) postharvest treatment of some 
fruits; this proposcd Icgislation remains under discus
sion. Exporters should examine legislation before 
applying inks amI adhesive labels directly to fruit. 



Packaging 

Scveral Europe,1J1 countries. led by Germany, have 
introduced regulations or codcs of practice intended to 
provide environmental benefits by limiting the disposal 
of waste packaging. Re-use, rccycling and minimisation 
of packaging are thc routes adopted. In some instances. 
such as for sales (retail) packaging in France and Ger
many (Boyle 1992). packagcs need to bc rcgistercd and 
fees paid to disposal organisations. An E.C. directive. 
which should superscde national legislation, is still under 
discussion; the current draft (Anon 1992g) states that 10 
ycars aftcr the directive comes into force a minimum of 
90% of all packages should be recyclable and/or reusa
ble. Therc is currently a strong trL'ml away from packages 
constructed from composite' materials. or incorporating 
additivcs which limit rccyel ing capabil ity, e.g. waxes or 
polyethylene coatings. Increased interest is also being 
shown in reusable plastic transport containers. 

Others 

Other issues relating to labelling, including informa
tion on pre- and postharvcst trcatments, metrication, 
transport, and environmcntal issues - notably long
term use of chlorolluorocarbons (CFCs), are also areas 
of concern under thc E.C. program of harmonisation. 

Consumer Trends 

Thc consumer requires a 12-month availability of thc 
full range of products; seasonal supply of pro duets plays 
a greatly diminishcd role as a fcature of the market and 
importerslretailers strin' to service this all-year-round 
demand. 

The past 10 years have seen a number of changes in 
the food industry with increased demand for semipre
parcd foods, often adding-value to the product along the 
market chain, together with an increascd demand for fast 
foods, nouvelle cuisinc, and easy-to-prcparc/easy-to-cat 
products. The last is, for cxamplc, rcllected in the 
increasing demand for casy-pcel citrus as opposed to the 
traditionally marketed navel or valencia orangcs. 

The consumer with incrcasing knowledge and aware
ness requires choice and divcrsity: 10 years ago apples 
may have becn marketcd as grccn or red; today, named 
varietics are prescnted at the retail level ulTcring choice 
in tern1S of tlavour. texture. and colour. 

Reinforcing thc erfects of legislation, the consumer is 
demanding a high standard of presentation of quality at 
thc retail level including product uniforn1ity, frcshncss 
and ready-to-eat. There is inneasing awareness and 
concern over the usc of pre-and particularly postharvcst 
pesticides. Whilc codcs of practice. 'duc diligence', 
and conformity to MRLs go somc way towards meeting 
consumer pressure, in the long tcrm it must be expectcd 
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that the number of registered pesticides, as wcll as the 
acceptablc levels of MRLs will be pushed down fur
ther. 

The markct for organic produce continues to remain 
static and has not fulfillcd thc expectations of the mid 
1980s. 

Increasing competition and downward pressure on 
priccs mean that politieal, social and, possibly. widcr 
environmcntal issucs are in practice of less relevance 
than at any time in the last 15 ycars. 

Impact on Systems and Tcchnologics 

The dynamic state of thc structure of the E.C. import/ 
distribution trade. the changing and harmonising legis
lation within the E.C .. and the increasing awareness and 
demands or the consumer make the E.C. market 
incrcasingly challenging for the exporter. As supplying 
countries become more aggressive in what is a strongly 
market-driven industry. so new supplicrs must ensure 
that strategies developed to penetrate the market arc 
robust, and rellect a tlexible and strong technologxal 
base. Gone arc the days when a few consignments could 
be placed on any of the major wholesale markets of 
Europe in the hope that an easy return would be 
achieved. 

Table 4 highlights some of the systems and technolo
gics that necd to be considered in rellecting the market 
trends within thc E.C'. 

Codes of Practice for Product 
Managcmcnt 

The demands or thl' consumer. backed increasingly by 
legislation, in pari icular issues of food safety and 'due 
diligence', mean that the industry must now focus on 
full commcrcial integration, addressing all aspects of thc 
industry from production planning to rctail delivery. 
Such integration not only allows the opportunity to 
address quality-rclatcd issucs but provides the means of 
reducing costs through the entire chain and, where 
appropriate, adding value at sourcc through for example 
semiprocessing, prcpackaging, and preprieing. 

To achieve such objectives, a code or practicc agreed 
by all partics nceds to be cstablished. This should also 
definc the method of operation and pmgram of action. 

There are several components that need to be 
addrcsscd in developing such a code of practicc includ
ing thc following major features. 

Company organisation 

• Policy statement 
• Managcment structure 

• Stall responsibilities 

• Company information sheet 



Table 4. Impact of market treml on horticultural crop 
production and marketing systems and 
technology 

Markel trend 

Market n:ntralisation 

Changing market 

All year supply 

Downward pressure 
on price 

System/technology 

• Rationalise export industry to 
service client 

• Develop longer term strat<:gy 
• Deliver 10 limited access 

points in Europe 
• Consider regional supply 

strategy 

Integrate production/marketing 
Market intelligence 
Increase IkxihIiity in the 
sLlpply basl' 

Technologies to spread season 
of production 
protl'l'\ed cropping 

- genetic screening 
- flower initiation 
- agro-ecological spread 

• Optimise on sea transportat ion 
- Controlled atmosphere;' 

modified atmosphere 
- improved reefer container 
- postharvest management 

I n(Tease producti \' ity 
- genetic screening 

agronomic research 
pn>Liucti{)J1 managcrnent 

Quality assurance Integrated kmpcrature 
n1aIl~lgl'J1lC'nt 

Integrated product 
rnanagcl11cnt including 
manipulation offmit ripening 

• Define product specificationi 
establish quality assurance 
procedures 

Packaging • Develop reusable/recyclahle 
packaging 

• Meet E,C specification of 
size/palletisation 

Reduce pesticide residues G,'nl'lic mam!,ulation 
Pesticide application 
tcchn(}logy" 

Ink~ralt:d pest managen1cnt 
Codes PI' practice on llsage 
Non·chemical p",tharvest 
treatments 

Due diligence/food sakty • Estahlish integrated quality 
assurance procedures 
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Procurement and cOlJtrol oj'r(l\\' lIIaterials 

• Conditions of supply 

• Raw material inspection and control 

Process control and the management oj' qualify during 
productiolJ 
• Pack house 
• Equipment and packhouse hygiene 
• Personnel: hygiene and resource requirements 
• Process control 

System in support oj' 'due diligcncc' 
Audit of system 
Pesticide residue analysis 
Control or harvcsting and field-packing operations 
Temperature checking 
Maintenancc of records 
Standardisation or analytical equipment 

Within this framework, decisinns can be taken on the 
level and type of investment in human and physical 
resources. as well as the extent of, and need for, techno
logical interventions. 

An environment whereby the supplier, importer, and 
distributor are committed into the longer tern1 and can 
strategically plan their operations, has the potential to 
enable new technologies to be tested and applied, 

Conclusion 

In a market environment in which the pace of expansion 
for tropical fruits has declined from the rapid growth in 
terms of both volume and returns seen in the early 1980s 
and with changing market structures, legislation. and 
consumer attitude, importers/distributors arc looking 
more critically at their production supply base. 

Exporting countries need to assess their comparative 
advantage, ensure a robust and flexible technological 
base, and establish operational procedures and practices 
that ensure economic and financial viability, All players 
in the production. marketing, and distribution chain 
need to work together to make the most of what is an 
increasingly competitive and challenging market. 
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Postharvest Handling of Avocado, Mango, and Lychee 
for Export from South Africa 

D.L. Milne* 

Abstract 

A brief description is given of production areas, cultivars, and total exports of avocado, mango, and Iychce from 
South Africa. Packhouse and transp0l1 procedures are outlined, including sea shipment and its evaluation. 

A review is given of current postharvest research on mango destined for sea eXlxlrt, including fruit-maturity 
studies, postharvest disease control, and storage temperatures, 

Avocado fruit physiology is discussed in relation to current postharvest research on cold injury, disease con
trol. and recommended temperature regimes. Brief reference is also made to the 'ready-to-eat' concept and avo
cado processing. 

Current postharvest Iychee research is discussed, including S02 treatment, low pH treatments. and sodium 
metabisulfite dips. 

THE Scuth African subtropical fruit industries havc their 
own specific logistical problems, Firstly, the major pro
duction areas are in the northern and eastern Transvaal, 
some 1700 km from the nearest suitable export harbour. 
This harbour, Cape Town, is in tum some 10 000 km 
from the European ports to which we export. 

Volumes of subtropical produce do not currently jus
tify the lse of 'Reefer' vesscls with refrigerated holds, 
so we are dependent on the tlse of refrigerated container 
vessels, which depart from Cape Town every 9 days, and 
take 14 clays to travel to Europe. Fruit must therefore be 
held in Cape Town in a special refrigerated container
store, awaiting the departure of each vessel. When fruit 
reaches the distributors in Europe it is therefore 23-26 
days old. 

Avocado 

Thc cultivar spread in South Africa differs from that of 
other major exporters such as California and Israel. 
Fuerte still constitutes approximately 60% of our 
exports, with Hass following at 25-30%, Other cultivars 
include Edranol, Pinkerton, and Ryan. Exports have 
risen from 2 million 4-kg cartons in 19X2 to between 7 
and 8 million over the past 4 ycars, Predictions are that 
the latter figure could double within the next 5 years, 

The main avocado export markcts are France, the 
United Kingdom, Switzerland, Germany, and Scandi
navia, and our fruit reaches these markets rrom March 

* Mercnsky Technological Services, Westfalia Estate, P.O. 
Box 14, Duivdskloof, 0835, Republic of South Africa. 
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until :::'cptember. Fruit size differs significantly accord
ing to cultivar, as shown in Figures 1 and 2, 

The effect of orchard practices and conditions on 
fruit quality 

Cultivar 

South African experience shows that the Fuerte is the 
cultivar which is most vulnerable to cold injury and 
resultant intcrnal physiological disorders (Rowell and 
DuRand 19X2: Van Lelyveld and Swarts 1978), The key 
problems which occur are as follows. 

Early cold damage. This is expressed as relatively 
large, black and clearly defined, slightly sunken areas on 
the skin of the fruit (Swarts 1979a), 

Late' cold damage, Expressed as a faint, overall sooty 
blackening or bronzing of the skin of the fruit. 

Pulp spot, The occurrence of gradually darkening 
grey spots in the flesh of the fruit on cutting open 
(Swarts I 979c), The disorder varies from season to 
season (Swarts 1985b). 

Gre'Y pulp. A light but uninterrupted greying of the 
mesocarp, especially at the distal end of the fruit. It is 
generally associated with ageing of the fruit. 

Rootstocks 

Ki)hne et al. (1992) have shown that clonal rootstocks 
have an impact on postharvest physiological disorders in 
Fuerte, with G6 performing better than Duke 7 (Fig. 3). 
It has also been shown that the quality of Fuertc fruit on 
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seedling rootstocks varies significantly (Fig. 4) (Kiihne 
et a!. 1(92). 

Rootstocks also affect Hass fruit quality (Table I) as 
shown by Kiihne ct a!. (19')2). 
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Figure 3. Erkd of clonal rootstocks on Fucrte avocado fruit 
quality and yields in 1991 and 1992 (Kiihnc ct al. 
1(92) 
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Fig. 4. Variation in Fucr\c fruit qual it) bctwecn individual 
trccs on scedling rootstocks (Kiihnc ct al. 19(2) 

Table l. Yicld and quality of Hass a\ocados as affectcd by 
rootstock. TIle two rootstocks with the lowest 
yicld, namely Barr Duke and D9, also had tlw 
poorest 11lternal quality. I'homas compared 
favourably with the ("ommen'ial standard, name,l) 
Dukc 7 tKiihnc ct al. 1992). 

Rootstock 

TIH)maS 
Duke 7 
G755 
09 
Barr Dukc 

Yield 
(kg/ 100 trees) 

92.68 
(,2.05 
12.05 
7.37 
3.13 

Percent fruit inlt.'rnally clean 

96.2 
100.0 
IOO.() 
64.3 
70.0 

---~--~------ ----_. 
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Tree vigour 

Witney et a!. (19X6) have shown that vegetatively 
VigOroLtS trees tend to produce fruit with a lower Ca
content and consequently poorer storage ability. These 
observations were confirmed by Vorster et a!. (19X9). In 
trees with a high fruit: leaf ratio, it can be expected that 
the incidence of sunbun1 will also increase significantly 
(Bezuidenhol1t amI Vorster 1(91). 

Wolstenholme and Whiley (1990) have made some 
helpful proposals on how tree vigour can be manipulated 
to the bencl'it of the grower. 

Smith and Kiihne (1992) have shown that heavy 
bearing Fuertc trees can yield rruit with better export 
quality, than low yielding trees, Crable 2). 

Table 2, ()uality of fruit from 'A' trees (cOibistcntly heavy 
bearing) and 'E' trees (consistently v'cry low 
bearing) over two ricking rounds (April and May 
1')91) (Smith and K(ihnc 19(2). Values give thc 
pL'recntag,' of fruit freT of (he disorder listed 

Picking round I Picking round 2 

'A'tree 'F tree 'A'trce 'E'tree 
---_._------

Ex/emal 
Cold damage 95.1 a* X6.-1b 9.l.4a X2.1b 

!n/cnlll! 

Pulp spot 94.2a 96.2a 93.6a 94.5a 
Vascular disc()I()J"ati<)O 94.2a 92.3a XU . .')a 67.1b 
Grey pulp 99.2a ')/).') a ')(,.6a 82.% 

Total 82.2a 69.2b 67 .. 1a 42.5b 

* Mean ~l'parati(ln in rows per round by j)uncan'~ Illultiple range test 
at the )e,(, k\,l'L 

Calcium 

Since the work or Tingwa and Young (1')74), a great 
deal has been published on the role oj' caici Llill in relation 
to cold-induced physiological disorders or avocados 
(Witney ct a!. 19X6; Vorster and Beluidcnhout 19XX; 
Vorstcr et alJ. 19X'); Bower 19XX). Cultural practices 
should therefore be aimed at minimising spring flush 
amI supplementing soil Ca In'cls (Fig. 5). 

Sl'IIsonal rllecl.\" {Inti fJicking rounds 

Thc erfect of season on fruit qualit: was rc\le\\cd by 
Eksteen and Besler (I 9X7). Any conditions promoting 
p(lm fruit-set but vigorous vegetative growth, arc 
inclined to lead to poor storagc ljuality of frutts. In 19X2 
nearly hall' the South African Fuertc crop had to be 
exported by air due to severe pUlp-spot incidence. Early 



and late picking also has a significant effcct on Fuertc 
fruit quality (Smith and Kohne 1992 (Fig. 6); Bower 
1988; Cutting and Bower 1987; Vorster et al. 1989). 

Irrigation 

Bower ( 1988) has shown that water stress during the 
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Figure 5. Schematic representation of possible interactions 
between calcium and other plant and environmental 
factors in the detcm1ination of avocado fruit quality 
(after Bower 1988) 
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first 3-4 months after fruit set affects the activity of 
abscisic acid (ABA) and of the browning enzyme, poly
phenol oxidase and consequently adversely affects fruit 
quality during storage (Bower and Cutting 1987). 

Abscisic acid, phenolics, and polyphenol oxidase 
(PPO) 

The Natal University group has been investigating the 
interactions of abscisic acid (ABA) and PPO for the past 
5-6 years. Their research has shown that ABA infusion 
into the fruit also raises PPO levels, causes a decline in 
phenolic substrate levels, and increases pericarp brown
ing. They link stress-induced, increased ABA levels to 
pericarp browning during the ripening process (Bower 
et al. 1986; Hofman and Husband 1987; Cutting and 
Bower 1987; Cutting et al. 1989, 1990.) 

The effect of increasing fruit maturity on fruit base 
mineral composition, phenolic content and the resultant 
influence on postharvest fruit quality and ripening 
physiology of Fuertc avocado, was investigated by 
Cutting et al. (1992). Late harvested fruit with increas
ing maturity had reduced calcium and magnesium con
centrations. A reduction in ripening time was associated 
with a decrease in fruit calcium concentration. Total 
fruit phenolics increased with increasing fruit maturity, 
and this was associated with an increase in the incidence 
of the cold storage-induced mesocarp discoloration. 
However cold storage was found to have no effect on 
total fruit phenolic concentrations. 

Fertiliser applications 

The interactions of potash (K), calcium (Ca), and 
magnesium (Mg) with physiological disorders of avo
cado fruit are complex. Koen et al. (1989) found that 
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I<'igure 6. Effect of fertiliser applications on the quality of 
early picked Fuerte fruit during the period 1990-92 
(Kremer-Kohne et al. 1992a) 



high K/Ca and K/Mg ratios tend to make the fruit more 
susceptible to grey pulp. This related to high soil and 
leaf potash (K) values. (irey pulp incidence was reduced 
when the Ca + Mg/K ratio in the soil and leaves was 
high. High soil Ca and Mg levels anc! a high Ca + Mg/K 
ratio were also found to be correlated with an increase in 
vascular browning (Koen et al. 1989. 1990). 

In a three-year study carried out on Westfalia Estate. 
Fuertc avocado trees received soil applications of 
K2SO 4. MgSO 4' and LAN during the period September
Fehruary. After subjecting fruit to simulated sea export. 
i e. four weeks of storage at 5.5°C, fruits were examined 
for internal physiological disorders (pulp spot, grey pulp. 
and vascular browning). The three-year mean yield from 
heavily N-fertilised trees tended to be lower than that of 
the other treatments. However, in this study, none of the 
treatments increased the percentage of fruit free of phys
iological disorders over the three-year period, when 
compared with the untreated control (Fig. 6). N applica
tions alone considerahly increased the percentage offruit 
with physiological disorders. However, when N was 
applied in comhination with K and Mg, the percentage of 
fruit free of physiological disorders did not differ from 
the untreated control (Kremer-Kiihne et al. 1992a). 

Two orchards of Fuertc at Westfalia Estate were 
found to differ significantly regarding the susceptibility 
of the fruit to pulp spot (Be/uidenhout and Vorster 
1991). In the orchard with low pUlp-spot incidence, the 
levels of Ca. Zn. and Mn in the leaves were found to be 
higher by 27-45(;( than in the orchard with high pulp
spot incidence. 

Orchard tCfl/peratures 

Swarts (1982) demonstrated that there was a strong 
correlation between number of hours in which orchard 
temperatures dropped below I rc for two days prior to 
packing. and the susceptibility of fruit to cold injury. 

In a commercial study carried out in the Tzaneen area 
of the Northern Transvaal, Smith and Lunt (1984) con
firmed that as night temperatures fell below 17°C prior 
to picking, and as the oil content of the fruit increased, 
the fruil became less susceptible to cold injury. Swarts 
(1982) was the first person tn propose adjusting storage 
temperatures downwards as the season progressed. 

Fruit maturity (oii!lt"ilter cOlltent) 

A vocacios or all cultivars for export (except Ilass and 
Ryan) must contain not more than 80',;' moisture. It is 
recommended however. that the cultivars I [ass allli 
Ryan arc not exported unless the moisture content is less 
than nClr, as expcrience has shown that at above 77(y 
moisture. ripening can be uneven and shrivelling may 
occur. Due to persistent problems with exported Edranol 
(shrivelling allli grey pulp especially), a maximum 
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moisture content of 74';" is recommended (Van den 
Dool and Wolstenholme 19~3). 

For plantings in the cooler. more southerly area of 
inland Natal. research has indicated that the following 
moisture percentages should be adhered to. to ensure 
proper ripening of fruit destined for export: 

Fuertc -- 75'k moisture 
Edranol 72';" moisture 
I lass and Ryan - 70';" moisture. 

Growth regulators 

Research carried out by Kremer-Kiihne et a1. (1992h) 
showed that a dosage of 12.5 mL paclobutrazol (CPPU) 
per tree. applied by liLV applicator gave a significant 
Fuertc yield increase over a two-year period. In a trial in 
which CPPlJ was applied to lIass trees over a two-year 
period, CPPU gave a good response in quantity of 
exportable fruit in the first year only (Kiihne et a1. 
1992b) (Fig. 7). 
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Figure 7. Yield of export SilC Ha" fruit ("gitrcc) as 
inlluenced by Cl'l'lJ treatment in 1991 ami 1992 
(Kiihnc ct al. I 992b) 

Postharvest factors 

Temperature 

Some of the pioneers of research on the effects of low 
temperatures on storage of avocados were Kosiya
chinda and Young (1976). Swarts (1978, I 979a,b,c, 
1980, 1982) and Wang (1982). 

The rate of development or external cold injury of 
Fuertc avocados at various low temperatures was 
clearly demonstrated by Swarts (1980) (Fig. 8). 

TI1e relationship betwcen ethylenc production. the 
climacteric, and ripening of lIass avocados at various 
temperatures, was demonstrated hy Eaks (I ')S3). 
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In 1981-82 the South African Avocado Growers' 
Association placed a technical officer in Paris to evalu
ate the arrival and consequent ripening of fruit. This led 
to analysis of large quantities of data and the drawing of 
conclusions regarding the main causes of postharvest 
problems (Bezuidenhout and Kuschke 1982. 1983). 

It has been agreed for many years that prompt 
removal of orchard heat is important for the retention of 
fruit quality. However Siabbert and Toerien (1984) 
showed that forced cooling using extraction fans, could 
increase external cold injury to Fuerte fru it early in the 
season. However, speed of cooling did not inlluence the 
occurrence of pulp spot or grey pulp. 

Bezuidenhout (1983) drew up a climacteric model for 
Fuene fruit and was able to establish that exeessive cold 
prior to the climacteric is favourable for pulp spot to 
develop. Once the climacteric has passed, temperatures 
can be lowered. He also found that large Fuerte fruits are 
Illore susceptible to physiological disorders than small 
fruits. Pulp-spot susceptibility drops later in the season. 
whercas grey pulp increases steadily, especially if high 
temperatures occur in the post-climacteric phase 
(Bezuidenhout 1983). 

Following on this research, Toerien (1')86) demon
strated in a trial that 3.5°(' in the preclilllacteric phase 
caused increased cold injury to Fuertc avocados when 
compared with 5.5°('. He therefore proposed a model 
for cooling which wl)uld adjust temperatures down
wards in transit. 

Yorster et al. (1987) followed up with trials in which 
the schedules proposed by Toerien (1986) were evalu
ated on various cultivars. Early season Fuertc fruit were 
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found to be very sensitive to external cold injury, and the 
use of 7.5°C as storage temperature for the first week, 
followed by 5.5°C for two weeks and 3.5°C for one 
week, was found to reduce the incidence of early cold 
injury during the first half of the season, when compared 
with the standard of 5.5°C for four weeks. 

The step-down temperature also resulted in a signifi
cant reduction in pulp-spot symptoms. These authors 
proposed a step-down tcmperature program, not only for 
the storage period, but also for the season (Yorster et aL 
1987, Eksteel1 and Bester 1987). 

By 1990 a more sophisticated schedule of shipping 
temperatures. based on the oil content of fruit had been 
developed (Yorstcr et aL I ')90) (Table 3) 

Time 

It can be expected that the export of tropical and sub
tropical fruits under refrigeration will not be straight
forward. What is also clear is that one of the most 
important factors determining fruit quality is the total 
time x temperature combination. 

Yorster et aL (1988a) have shown that dramatic 
increases in external cold injury in Fuerte occur if the 
time of storage is extended from 21 to 28 days. Similarly 
grey pulp incrcases in both Pinkerton and Hass as the 
storage period is extended, 

Bower (1988) also found incrcases in total posthar
vest disorders from 14',l( after 21 days to 30% after 30 
days and to 58'Yr after.:t4 days. 

'Brown cold damage' is a disorder that is very seldom 
prescnt when the container arrives in Europe. It usually 



Table 3. Recommended air delivery temperatures (OC) for the export of FlIl'nt' avocados (Vorslcr d al. 1990) 

Fruit moisture Coldroom Cold truck 
and 

(ri) packhousc 

n.5 7.5 7.5 
77.5~78.5 7.5 7.5 
76.5~ 77.5 7.0 7.0 
75.5~ 76.5 6.5 6.5 
74.5~75.5 6.5 6.5 
n5~74.5 6.0 6.0 
72.5-73.5 6.0 6.0 
71.5~72.5 5.5 5.5 
6').5-71.5 5.5 5.5 
67.5 5.5 5.5 

develops only after the fruit is placed at ambient tem
perature. It is characterised hy lesions or marks that arc 
brown to dark brown in colour (as opposed to black) and 
which have relatively clearly defined edges and which 
are very slightly sunken. Initial symptoms are faint and 
then darken with time. '111e affected area can be any
where on the fruit surface and usually only a few fruits in 
a carton are affected. 

'Brown cold damage' definitely appears to be corre
lated with age of fruit (arter picking) and this, coupled 
with low temperature storage \(lr long periods, appears 
to aggravate the problem. For example, fruit placed at 
ambient temperature on arrival in Europe (22 days) 
showed no symptoms. However, after a further 10 days 
of cold storage, the symptoms clearly developed after 2 
days at ambient temperature. Once again. this malady 
appears to be time x temperature related. Desiccation 
may, however, also playa role. 

After problems were experienced with fruit arriving 
soft in Europe, a detailed analysis of seasonal data was 
made by Bezuidenhout (1992). He showed that a devia
tion in holding temperature 1°C higher than recom
mended for a 22-day transit time, increased the softness 
of fruit from a rirmometer reading of 25 to 35 (Table 4). 
Furthermore. a similar increase (' 0c) over a total transit 
period of 2g days, caused an increase in softness from :)2 
to 46 on the firmometer (Table 4). It is therefore clear 
that a total management strategy in which time and 
temperature arc both controlled, is necessary if a good 
outturn offruit quality is to be achieved. 

For this reason. a date-coding system was introduced 
for all avocado exports and a prohibition was placed on 
the export or fruit harvested more than 12 days before 
the time of departure from Cape Town. 

Vemiillliof1 

Early research by Boelema (1987) showed that a sig
nificant improvement in cooling could be obtained if an 
interlocking and well-ventilated carton was used in 
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Ilolding Vessel (2 weeks) 
store 

7.5 7.5 (last week 5.5) 
7.5 7.5 (last week 5.5) 
7.0 6.0 (last week 5.5) 
6.5 6.0 (last week 5.5) 
6.5 5.5 for entire trip 
6.0 5.5 for cntirl~ trip 
6.0 5.5 for entire trip 
5.5 5.5 for entire trip 
5.5 5.5 (last week 4.5) 
5.5 5.5 (last week 3.5) 

place of the 'telescopic' carton previously used. 
Investigations by Haas and Fclsenstein (1985) on the 

cooling rate or avocados packed in cartons in a wind
tunnel indicated that there is no significant gain in 
increasing, beyond a certain value. the free-flow area 
(total area of openings as a percentage of carton area) 
perpendicular to the direction of openings of air flow. 
Cooling rate seldom improves above 9% free-flow area. 
The cartons which are being llsed in SOllth Africa have 
a free flow arca of g.5% in the direction of vertical air 
flow (refrigerated truck and container), which is close to 
the ideal percentage. In the direction of horizontal air
flow, this percentage is more than I lA', (Vorster et al. 
1990). 

For all pallets to receive the same amount or cold air, 
a controlled airllow pattern in the coldroom is neces
sary. Temperature recordings of fruit in the coldroom of 
a commercial packhouse were found to show big differ
ences in cooling rates, depending on the position of the 
pallet in the coldroom. In an uncontrolled configuration, 
fruit were found to be at a pulp temperature of higher 
than 9°C after cooling for 24 hours at 6.5°C. However, 
in the same uncontrolled configuration, there were also 
fruits which had already cooled below 9°C after only 3 
hours. It is therefore recommended that a controlled air
flow pattern be effected in the packhouse cold store 
(Vorster et al. 1990). 

Table 4. The influence of fruit age and temperature 
deviations on fruit firmness at outturn overseas 

Fruit age Temperature deviation Finnometcr reading 
(days) 

22 Nil 25 
22 1°C .,5 

28 Nil -'2 
28 1°C 46 



Moisture loss 

It is well known that moisture loss can increase the 
symptoms of c(JILl injury in fruits (Couey 19R2). 

Water loss is certainly one of the most important fac
tors leading to overseas fruit deterioration. Increased 
moisture loss resulting in strcss during storage, not only 
enhances polyphenol oxidase (PPO) activity and visual 
symptoms of physiological Llisorders, but also incrcases 
the prevalence of pathological disorders (Bower and 
Cutting 19X7). The relative humidity in the storagc 
atmosphcrc thercforc plays a vital rolc. Cutting et al. 
(1992) have shown that morc maturc fruit arc less sub·· 
jed to moisture loss than relatively immature fruit. 

A basic rule in hcat dynamics is that the grcater the 
temperature gradient (7) and the less the volumc of air in 
the system, the higher the moisture loss will be from the 
fruit. By decrcasing thc volumc of air (i.e. by using a 
cooling systcm with a biggcr capacity) and restricting T. 
moisture loss can he limited. TI1e design of the cooling 
system in a packhousc therefore plays a major role in 
preventing water loss from fruit and in final fruit quality 
(Vorster et al. 1990). 

Modified and COn/rolled atmosphere 

Using 10% CO2 and various 02 concentrations, 
Truter and Eksteen (1982) showed that a mixture of 10% 
CO2 and 2% 02 extendcd the shelf life of Fuertc, Edra
nol, and Hass avocados while reducing grey pulp and 
virtually eliminating pulp spot. However, an increasc in 
anthracnose was obscrvcd. 

This work was followed up by Truter and Eksteen 
(19R7) who found that a 25(;( CO2 shock treatment 
applied one day after harvest also gavc vcry good results 
in reducing physiological disorders, without the conco
mittant increase in anthracnose. These results were con
firmed by Bower et al. (1989). They state that although 
cllntrolled atmospherc (10'.'0 CO2, 2% 02)is superior to 
other forms of storagc, thc economic and logistical real
ities must also be taken into account. CA costs per kg, 
from Cape Town to Europe are currently more than 
double the costs using conventional containers. This 
cost increase must therefore be compared with the 
potential price advantage of landing good quality fruit in 
Europe. Currently, this is not regarded as economically 
viable. 

Faubion ct al. (1992) indicated that Hass avocados 
could be stored successfully for up to 60 days, using a 
C A of 2% 0, ~md 5% CO,. Similar results have been 
obtained with Hass avocados in Australia (McLauchlan 
et al. 1992; Jordan and Barker 1992). 

Natural resistullce 

Prusky et al. (1991 a) have descrihed how avocado 
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fruit arc free of anthracnose caused by Colletolrichum 
gloeosporioides at harvest and yet Llevelop decay lesions 
during ripening. The resistancc of the unripe fruit WdS 
found to be due to two antifungal compounds in the peel 
of the fruit. TI1e levels of these compounds were found 
to drop during the ripening process and the authors 
therefore proposed various ways of manipulating this 
natural resistance. By using anti-oxidants Prusky (198R) 
achieved delayed development of anthracnose and 
stem-end rot. Similarly, Prusky et al. (199 I b) were able 
to increase natural resistance using CO2 shock treat
ments. 

Korsk'n et al. (1991 a) have carried (Jut extcnsive 
research on the suppression of postharvest diseases. 
using naturally occurring orchard antagonists. Bacillus 
subtilis applied in commercial Tag wax or in a water dip, 
was found to significantly reduce anthracnose, Dothio
rel/alCol/{'totrichum fruit-rot-complex. and stem-end 
rots in packhouse trials. I'seudocerc(),\/JOra purpur('u. 
thc cause of ·black-spot'. is controlled in South Africa 
by the application of 2-3 copper sprays during the rainy 
season. 

lVIarketing aspects 

The South African Avocado Growers' Association 
(SAAGA) is a voluntary organisation with approxi
mately 600 members, representing at least 90% of the 
total production. 

The totallTop in 1992 was 9.2 million 4 kg cartons, of 
which 7 million wcrc exported. The crop is exported by 
ten or more major exporters who either grow the fruit 
themselves or export on behalf of groups of growers or 
cooperati yes. 

The attitude of French importers towards SUperI1ldr
kets is generally antagonistic. This appears to he because 
supermarket chains are putting more and more pressure 
on importers by forcing a discount on avocado prices, by 
spreading their purchases of avocados over several 
importers, and by enforcing a delayed payment system 
which puts heavy financial strain on the importer. 

The hypermarket and supermarket share of the fruit 
and vcgetable retail market has increased by an average 
of 2% per annum for the last 5 years (as opposed to a 
decline in consumer support for greengrocers, street 
markets, etc.). Although this trend might not necessarily 
continue, a 50% plus share of the fruit and vegetable 
retail market enjoyed by the supermarkets, is to be taken 
seriously. 

In the U.K. situation, prepackers \V1)rk closely and to 
a high set of standards with supermarkets. Pre-ripened 
fruit of guaranteed quality is supplied to them as set out 
in a written set of standards. This is done with much 
success despite an economic climate which is far more 
recessionary than in France. 

Quality of export fruit is controlled in South Africa by 



inspectors located at packhouses and at the ports of 
export. They arc appointed by the Perishable Products 
Export Control Board (PPECB). 

All local market and export cartons are levied by 
SAAGA and the funds generated are used to finance 
field officers, an overseas evaluator, research, and local 
promotions. 

Research funds arc administered by a research com
mittee which allocates funds for State, university. and 
private research projects. These projects are reported on 
at an annual research symposium and the data published 
in the SAAGA Yearbooks. 

The PPECB is responsible for monitoring tempera
ture control on export vessels and provides the industry 
with feedback on each vessel as well as an annual report. 
Similarly, the overseas evaluator assesses the fruit on 
arrival of each vessel. giving immediate feedback on 
quality aspects. As date- and grower-codes are present 
on each carton, problem consignments can easily be 
identified and followed up. An annual report is also 
produced by the overseas evaluator. 

In addition, a weekly newsletter is faxed or posted to 
all growers and exporters. giving details of volumes to 
be shipped, volumes in transit. and feedback from over
seas markets. 

There is also an Exporters' Committee which can be 
called together to take marketing decisions on volumes, 
counts. grading standards, etc., during the course of the 
season. 

As regards promotions, there is a Local Market Pro
motions Committee of SAAGA responsible for all 
generic promotions, advertising, etc. Major importers in 
overseas countries currently undertake their own pro
motions. However, SAAGA is currently supplying 
technical data to those organisations interested in pro
moting the 'ready-to-eat· concept. This is regarded as a 
concept with the strongest pull for increased sales. 

Processing of 'factory grade' fruit is currently carried 
out on a steadily increasing scale, producing either avo
cado oil for cosmetics, etc. (5000 t) or fro/en pulp 
(Guacamole) (100 t). 

Mango 

Mango marketing in South Africa differs from most sub
tropicals in that it is still dominated by local consump
tion. In addition, on the local markets. fresh fruit sales 
account for only 14000 tonnes whereas processing con
sumes 25 000 tonnes. of which 19 000 tonnes is used in 
the manufacture of' Achar', a type of chutney (Table 5). 

Exports have increased fairly rapidly however. from 
190000 cartons (4 kg) in 1984/85. to 1.1 million cartons 
in the past two seasons. 

The Achar market is predominated by fibrous culti
vars such as Peach, Sabre, Long Green. and Sugar. 
However, export cultivars are all fibreless and include 
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Tommy Atkins, Kent, Keitt, Sensation, Zill, Irwin, 
Haden. and Heidi. Numerous other cultivars arc also 
under test, especially with regard to their suitability for 
export. 

The logistics for export arc virtually identical to those 
described for avocados. However. Germany and thc 
U.K. are major markets, followed by France and Swit
zerland. 

Fruit maturity 

As exports have been undertaken only relatively 
recently, research into fruit maturity was started in 
South Africa only in the late 70s and 80s. Van Lelyveld 
and Smith (1979) attempted to correlate fruit llesh 
colour with picking maturity. In general they found that 
fruits were sufficiently mature for export when half of 
the flesh had coloured yellow. However, cultivars dif
fered. with Sensation fruit being ready for harvest at 
10% yellow, whereas Keitt could hang beyond the 50% 
yellow state before harvesting. 

Van Lelyveld and Smith (1979) also followed on the 
work of Harkness and Cobin (195 I) in testing llotation 
(i.e. specific gravity) of fruit to assess maturity. They 
found that, with Sensation mangoes the fruit were 
mature enough to export 18 days after the period when 
at least 15'Yc of the sample had the same specific gravity 
as water. 

Bezuidenhout (1988) tested factors such as total solu
ble solids (TSS), internal and external colour, firmness, 
and shoulder development for determining picking 
maturity. With Zill and Irwin a good correlation was 
found between shoulder development (a non-destructive 
factor) and internal colour of the fruit. However he 
pointed out that cl imate. irrigation, and fertil isation could 
inlluence both factors. In the case of Sensation he found 
a close correlation between TSS and internal colour. 

This research was followed up by Oosthuyse (1991 a) 
who criticised the internal flesh colour index as being (a) 
destructive, (b) not correlating with time taken for fruit 
to ripen, (c) subjective in nature, and (tI) variable 
between cultivars. Using a penetrometer with a 6-mm 
plunger, he evaluated pulp-penetration pressure of the 
fruit flesh (after cutting away the peel and 23 mm of 

Table 5. Marketing of South African mangoes (t), 1987-92 

Y~ar Processing Fresh Total 
------

Achar Juice Local Export 

87-88 10 ()()() 1300 11000 ISOO 23800 
88-89 12000 ISOO 12 SOO 2400 28400 
89-90 12000 30()() 14S00 3000 32 SOO 
90-91 16000 40()() 144000 2700 37100 
91-92 19000 6000 14000 4400 43400 



pulp). He found that in Kent mangoes, pulp-penetration 
pressure, although also destructive, correlated well with 
internal colouring and also with the period required for 
the fruit to reach the eat -ripe stage. Furthermore, he rec
ommended penetration pressure as being a more objec
tive measurement than pulp colour. 

Wara-Aswapati et al. (1992) also made successful use 
of the specific gravity method and the measurement of 
TSS. However, they expressed the view that these 
methods of deternlining fruit maturity were tirne
consuming and rather impractical. 

Lizada (1991) gave a very useful review of mango 
fruit physiology and factors evaluated for determining 
fruit maturity. However, it was also clear from her 
review that no single factor could be used for evaluating 
the maturity of all cultivars. 

As cultivars differ significantly, there is still much 
research required in this field. 

Storage temperatures 

Before 1990, small quantities of mangoes were 
shipped by sea from South Africa at a temperature of 
I l°e. However, Oosthuyse (1990) commenced a series 
of trials in which various cuItivars were subjected to 
simulated sea shipment (four weeks) at various combi
nations of temperatures varying from 6 to 10°e. His 
research included step-down temperatures as these had 
already been successfully used for our avocados. Two 
weeks at 8°C followed by two weeks at 6°C was found to 
be suitable for Irwin and Kent, whereas Zill responded 
best to a longer period at 6°e. Tommy Atkins and Sen
sation were found to be the least temperature-sensitive 
cultivars whereas Keitt was relatively succeptible to cold 
injury. Oosthuyse concluded that the processes leading 
to fruit coloration and fruit softening, operate indepen
dently. He also noted that chilling injury appeared to 
increase the susceptibility of the fruit to soft-brown rot. 

Studies by Eksteen (1991) in the same year, showed 
that commercial sea-export consignments were not 
being cooled effectively due to inadequate ventilation in 
the pallet stacks, and probably also due to inadequate 
precooling prior to shipment. Both these problems have 
been addressed by the mango industry. 

In 1991 Oosthuyse (1991 b) tested the feasibility of 
allowing fruit to ripen partially after picking, before 
being cold-stored. The pre-ripening of picked fruit at 
20°C was found to lead to a reduction in cold-related 
skin disorders and an improvement in skin colour but 
also to a severe increase in disease incidence. At that 
time he therefore recommended direct packing after 
their arrival overseas. 

Working with Kensington mangoes, Chaplin et al. 
(1991) found that when fruit was stored at I or SoC, 
chilling injury increased with time. These injury symp
toms increased even further when the fruit was trans-
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felTed to 30°C for ripening. Storage at ISoC led to full 
softening and ripening within 3 weeks. They found that 
in Kensington mangoes, lowering of storage tempera
ture suppressed tlesh colour in the ripened fruit but had 
little effect on skin colour. 

Research by McLauchlan and Barker (1992) showed 
that with Kensington mangoes seasonal differences may 
have a profound effect on the response of the fruit to 
various storage temperatures. 

Oosthuyse (1992), in a study aimed at evaluating a 
number of cold-storage temperature regimes for Kent 
and Irwin, found that thc incidence of decay directly 
after four weeks of cold-storage, was positively related 
to the degree to which ripening had taken place during 
cold-storage (expressed as reduction in pulp penetration 
pressure) (Fig. 9). 
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Figure 9. Pressure drop (i.e. increased softening of Irwin 
nlangocs during storage in rclation to disease 
incidence after storage (Oosthuyse 1992) 

Naturally occurring anti-fungal compounds, identi
fied as S-substituted resorcinols, have been identified in 
the skin of mango (Cojocaru et al. 1986). Only after 
harvest did the concentration of these compounds 
decrease, this reduction coinciding with the appearance 
of decay. Moreover, ethylene treatment, which is 
known to hasten ripening, also hastened the reduction in 
concentration of these compounds and the appearance 
of decay, whereas storage under sub-atmospheric con
ditions, which were effective in delaying ripening, also 
delayed the appearance of decay (Droby et al 1986). In 
view of these findings, a plausible explanation for the 
differences in percentage decay directly after cold
storage might be ofTered by equating the extent of 
ripening during cold-storage with the extent of decline 
in anti-fungal substances in the skin. 



It was recently reportt?d by Prusky et al. (1993) that 
exposure of mango fruit to high concentrations of CO2 
for 24 hours soon after harvest dramatically enhanced 
skin concentrations of anti-fungal compounds, and con
st?4uently delayed the onset of decay development. Pre
liminary results obtained in South Africa indicate 
anthracnose suppression through the use of CO2 shock 
treatments, but no beneficial effect on soft brown rot. 

Oosthuyse (1992) finally recommends the harvesting 
of decay-sensitive cultivars at a more advanced stage of 
maturity (2-3 weeks later than at present), but then 
holding the fruit at 8°C to prevent further ripening 
during the storage period, for St?nsation, however, 
which is very resistant to decay, he suggests that storage 
temperatures of II-13°C may be feasible. 

Physiological disorders 

This is too largt? a topic to deal with in any great 
detail. However, under South African conditions 
Tommy Atkins has been found to show many physio
logical disorders in fruit at the time of picking. These 
include papery cavity, split-pip, 'varkhart', browning at 
the stem-end, and jelly-seed. After extended cold
storage this cultivar may also show non-pathological 
browning around the pip. 

Sensation shows a fair amount of jelly-seed at picking 
but is also susccptible to internal browning if stored at 
low temperatures (6°C). 

Heidi, a South African selection, appears to be very 
sensitive to cold injury, and temperatures above we 
may be required for successful export. 

Keitt is already susceptible to spongy-tissue at pick
ing and shows severe lenticel damage if exposed to low 
temperatures for long periods. It is nonetheless regarded 
as a good export cultivar. 

Lizada (oral presentation 1992, IV International 
Mango Symposium) reported that spongy tissue docs 
not occur in Carabao mango in the Philippines at picking 
time. Modified atmosphere storage was found to 
increase the problem, particularly at low 02 levels. 
Lizada suggested that the build-up of acetaldehyde 
might lead to tissue breakdown. This was confirnled by 
O'Hare and Prasad (1992) who found that Kensington 
mangoes stored under \0% CO2 showed reduced chill
ing injury but internal build-up of acetaldehyde and eth
anol. 

Waxes 

Although basically only cosmetic in nature, waxes are 
normally applied in the packhouse. However polyethy
lene-based waxes may be withdrawn in future in the 
United Kingdom. The alternative wax recommended is 
shellac wax. Recent research by J. Lonsdale (pers. 
comm.) has, however, shown that shellac wax causes a 
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severe retardation of skin colouration. These results 
were similar to those obtained by Du Toit Peiser (1988) 
when using' Semperfresh·. 

Diseases 

It was Lonsdale et al. (1991 b) who first reported in 
South Africa that Hendersonia creberrima, the causal 
organisms of soft brown rot, had been reclassified by 
Sutton and Dyko (1989) as Natlrassia mangiferae. 
According to Sutton (quoted in Lonsdale and Kotze 
1993), it is possible that Dothiorella dominicana may in 
fact represent an immature stagc of Natlrassia manglfe
rae. It is possible therefore that Nlillrassia mangijerae, 
Hendersonia crcberrima and /)olhiorella dominicana 
all represent the same fungus. This is also discussed in 
the recent review by Johnson and Coates (1993). 

At harvest, a group of several endophytic fungi may 
be present in the stem-end tissue of mangoes. Preharvest 
or postharvest factors could influence which pathogen 
gains the advantage and invades the fruit to cause stem
end rot (Johnson et al. 1992; Johnson and Coates 1993). 
Peterson et al. (1991) detected La.liodipiodia Iheo
bromae from a greater proportion of the stem-end rot 
lesions on fruit held at 25°C than at 13°C and in mixed 
inoculation studies on detached mango fruit, Johnson et 
al. (1993) confirmed that storage at 30°C favoured the 
success of Lasiodiplodia theobromae over D. domini
cana as the cause of stem-end rot, while the reverse 
occurred at 25°C and lower. This may explain the 
apparent difference in the main cause of stem-end rot in 
tropical versus subtropical growing areas. 

Johnson et al. (1991, 1993) reported that stem-end rot 
in Kensington Pride fruit is caused by DOlhiorella 
dominicana, and species of Phomollsis, Peslalotiopsis, 
Botryosphaeria, BOlryodifllodia, and Colletotrichum. 
Johnson et al. (1992) were the first to report the endo
phytic nature of these infections. 

In Thailand, Sangchote et al. (1992) recorded f)othi
orella dominicana, Lasiodiplodia theobromae, Co//e
!Otrichum gloeosporioides, Phomopsis mangiferae and 
Fusarium and Pesta/otiopsis species infecting the 
peduncle of the fruit prior to harvest. nle cultivar Kaew 
was found to be the most resistant to stem -end rot. 

Disease control 

During the 1990 mango season, benomyl, the only 
postharvest fungicide registered on mangoes in South 
Africa, was withdrawn for use. Lonsdale et al. (1991 a) 
and Lonsdalc (1992a) thercl"ore conducted a series of 
trials with hot water dips and various chemicals. A hot 
water dip (55°c/2 min) plus Prochloraz (40.5-81 g a.i.I 
](X) L) e1Tectively controlled anthracnose and soft 
brown rot without being phytotoxic. Five-minute hot 
water dips at 55°C plus prochloraz or 5 minute hot water 



dips at 55°C followed by ambient temperature (± 25°C) 
dips in prochloraz were found to be phytotoxic, particu
larly at the higher doses, causing a bum on the skin sur
face. 

Hot water (52°C/5 min.) followed by an ambient 
temperature spray of chloramizol sulfate (100 g a. i./ 100 
L) effectively inhibited the development of soft brown 
rot under mild soft brown rot disease pressure. However, 
under high disease pressure, such as found in Kent 
mangoes, chloramizol sulfate was found to be ineffec
tive. An ambient temperature dip in guazatine( I OOg 
a.i.lIOO L) for 40 seconds preceded by a hot water dip 
(52°C / 5 min.) was also found to control soft brown rot 
effectively in mildly infected Keitt fruit. 

Lonsdale (1992b) also found that pre-bloom (winter) 
sprays of copper oxychloride were beneficial in reduc
ing anthracnose and soft brown rot. Additional copper 
sprays were beneficial for anthracnose suppression but 
not for the control of soft brown rot. 

Ionising radiation has been explored as a postharvest 
treatment on mangoes for more than 20 years in South 
Africa, commencing with the work by Brodrick et al. 
(1972). The most recent work is that of Lonsdale et al. 
( 1991 b) and Lonsdale (1992a), who found that a dosagc 
of 0.75 kgy in combination with hot watcr treatmcnts, 
gave effective control of both anthracnose and soft 
brown rot. but could cause lenticel damage on Kent and 
Scnsation fruit. 

A submission has been made to the French authorities 
for approval of this treatment for commercial consign
ments, but no response has been forthcoming to date. 

Biological control of postharvest diseases of mango 
has received considerable attention in South Africa 
(Korsten et al. 1991 b 1992) and two Bacillus species 
occurring naturally in mango orchards have shown 
promise as antagonists for the suppression of both 
anthracnose and soft brown rot. Biological control of 
anthracnose has also been reported by Koomen et al. 
( 1990). 

Overseas evaluation 

The mango industry, as is the case with avocados, 
places a technical officer overseas during the export 
season. His evaluations are of great value as they can 
identify causes for deviations in disease incidence. 
These deviations may be due to the grower's manage
ment, to packhouse management, to climatic variations 
between production areas, or to shipping temperatures 
and general handling. It was interesting to observe that 
cold injury to fruit can be experienced when pallets are 
held at ambient temperatures in France. which may drop 
as low as 2°C during our export season. 
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Lychee (Litchi) 

Lychee production areas in South Africa arc virtually 
identical to those of avocados. Current plantings arc 
dominated by the cultivar HLH Mauritius (= Tai So) 
which constitutes 75% of the production, and McLean's 
Red, a Madras-type. 

In the 1991-92 season two million 2kg cartons were 
exported to Europe (mainly France and U.K.). However. 
exports dropped to 1.5 million cartons during the 1992-
93 season due to drought conditions in the production 
areas. 

Our export season extends from mid-November to 
mid-February. During this period Madagascar also 
exports an equivalent volume of fruit to France. 

During the next five years, South African exports are 
expected to more than double, and could quadruple by 
the year 2000 due to extensive new plantings (Milne 
1992) (Fig. 10). 
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Figure 1O.l'rojectioll of total yields of lychees in South Africa 
over the next 10 years 

Most fruit (± 70°/r,) is exported by sea at 1°_ 2°C, the 
total storage time being 23-26 days. In Thailand, storage 
temperatures of 5°C have been used successfully for 3-
4 weeks (Wara-Aswapati et al. 1992). 

Diseases in South Africa 

Roth ( 1963), Lonsdale (19kk), and Botha et al. ( I 9kk) 
have described numerous disease organisms including 
bacteria. fungi, and yeasts occurring on stored Iychee 
fruit in South Africa. Symptoms of some of the Illore 
common diseases are illustrated by Lonsdale and 
Kremer-Kiihne (1991). 

Postharvest treatments 

Sulfuring of Iychees in South Africa was developed 
over a number of years but was only technically reported 



in 1985 by Swarts ( 1985a). The process has a fungicidal 
effect but also ensures fixing of the red colouring of the 
skin and prevents skin brittleness during storage. 

Towards the end of 1989 the French importing 
authorities announced a reduction in the tolerance levels 
of SO) in importcd Iychees. The acccptable level was 
reduc;d from 20 ppm to 10 ppm in Iychee pulp (aril). At 
that time Kremer- Kiihne (1993) showed that some 
South African commercial samples. especially of 
Madras fruit (McLean's Red) were exceeding the 
required norms. This problem was rapidly addressed by 
the industry. 

Duvenhage (1993) explored the usc of sodium mcta
bisulfite dips as an alternative to S02 fumigation of fruit. 
Sodium metabisulfite was found to give satisfactory 
control of skin browning and, in combination with a 
dilute HCl dip. gave a superior skin-colour and taste, 
when compared with the standard S02 treatment. 

Ahrens and Milne (1993) and Oosthuizen (1993a,b) 
also obtained good results using low HCI concentra
tions, following standard SO) trcatment. This research 
followed on the results first obtained by Underhill 
(1989), Zauberrnan et al. (1991) and Bagshaw et al. 
(1991). Underhill et al. (1992) also found that low pH 
dips did not significantly reduce the eating quality of the 
fruit. 

In Thailand, Sittigul et a1. (1')')2) showed that brown
ing ,)1' the Iychee pericarp was less likely to occur if fruit 
were harvested when fully mature (91-IOO(k of peel 
red). Similarly in South Africa, Milne and Ahrens 
\ 1993) found that j'umigation of immature green fruit 
with S02' resulted in very unsightly green fruit arriving 
on export markets. 

l!nderhill (1990) found that Iychee fruit eouldlose a 
rel"tilcly large amount of Illoisture before showing 
symptoms of bmwning. Fruit ,tored at 24°C for six 
h,)urs lost 7o/c of the skin weight, and this increased to 
40% after four hours. It was only after 64 hours, when 
00% of skin moisture had been lost. that skin-browning 
DC c u rred. 

III I ')')~l Lonsdale carried (lut a series of postharvest 
trial, aimed at avoiding the w;e of SO,. These indudcd 
usc of 'Vitat'ilm' wrappings, Trcshpack' gas mixturcs 
(C02 in N2). vacuum packaging, ana radiation (Lnns
dale 1993). 

Preliminary results suggest that fruit packed in 'Vita
film' and then irradiated at 0.75 kgy or 1.5 kgy, are more 
susceptible to dccay development after storage than are 
untrl'~ltcd fruit. the response being dose-related. It scems 
li~el, that Ihe radiation pnKcss damages the s~in of thl' 
Iychec\. making it more susceptible to penetration amI 
colonisation by microorganisms. Fruit first dipped in hot 
Ilater prior to being wrapped in Vitafilm and then irra
diated, did not react in this mannn, probably because 
the hot-water treatment eradicated the surface microbes 
on the I) chee skin (Lonsdail' 1<)')3). It should be Illl'n-
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tioned that in these trials, disease incidence was gener
ally very low, due to the prevailing drought conditions. 

In Mauritius fruit, browning was controlled for 2X 
days at 1°(, whcn 20% Freshpak was used. Sim i lar 
results were obtained with vacuulll packaging and Vita
film packaging. However, with the exception of the 
Vitafilm-packed fruit, fruit exposed to normal atmos
pheric conditions after the full cold-storage period, 
turned brown within 30 minutes of exposure. Lonsdale 
(1993) concludes that, as expected, the ncar anaerobic 
conditions oj' the gas packaging treatlllents resulted in 
the damage of cells in the Iychee skin and the release of 
polyphenol oxidase and peroxidase enzymes, which 
reacted with the anthocyanin pigment and oxygen once 
fruit was exposed to normal atmospheric conditions, 
thereby inducing browning. 

Biological control or postharvest diseases through the 
usc of naturally occurring antagonists has been explored 
by Korsten et a!. (1993). Bacillus s/('{/ro/crmophilus amI 
two other Bacillus species occurring naturally on the 
Iychee leaf phylloplane proved as el'fcctive as benomyl 
hot-water dip treatments. 

Conclusions 

A number of challenges confront South Africa with 
regard to marketing in the future. 

Avocados 

Export markets arc becoming more sophisticated with 
regard to size and cultivar required. The industry will 
have to adjust its export strategy accordingly. An exam
ple is the Ltl't that the U.K. currently consumes 770/, PI' 
the count 10 (3fl6450 g) greenskins, whereas Scandi
navia has a market (albeit limited) for count 22 ( 171-
190 g) to count 24 (156-170 g). Supernlurkets often 
request two differing counts, e.g. 12 (306--365 g) and 18 
(211-2:'5 g) throughout the season. 

The ready-to-eat concept for avocado sales is a 
development of major importanl'C which is already 
etTectively exploited in California. Proccssing into pulp 
also presents great opportunities felr the industry. 

Mangoes 

The mango is one of the most versatile fruits from a 
marketing point of view. :\early flO per cent of the crop 
is currentl, processed and expmts have trebled in the 
last three years. The greatest challengl' for export is 
undoubtedly the mastery of fruit Illaturity and conse
quent cold-storage schedules. 

However the mango is also susceptible to a multitude 
or pests and diseases. Effective integrated control pro
grams will have to be dcveloped if economic exports are 
to be maintained. 



Lychees 

Nearly all current research on Iychces is aimed at 
extending the notoriously short season and also at find
ing a replacement for treatments such as sulfur dioxide. 
Once these problems have been overcome, it is envis
aged that the lychee export market will grow signifi
cantly. 
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The Market for Tropical Fruits in Japan 

H. Kitagawa* 

Abstract 

Japan illllxJrtcd 771 175 t of hananas. 127 466 t of pineapples, 80S9 t of mangoes,S I ')7 t of papayas.'SS9 t of 

avocados, 2027 t of coconuts. XSS t of Iychees in 1992. and 98 t of durian, 28 t of chcrimoya. 18 t of cactus fruit. 
16 t of passionfmit, and 1.5 t of pitaya in 1991. 

Japanese like delicious and exotic fruits very much and buy them at a very high price. They distinguish fruit 
from othcr foods. To Japanese. eating fruit is a special lUXury similar to the usc of alcoholic drinks. Japan cur

rently produces some 5500000 t of fruit and imports I 500000 t each year, hut there is still a large demand for 
tropical fruits. if they arc of high quality. 

The higgest problem in importing tropical fruits is plant quarantine. This paper discusses the market for tropical 
fruit in Japan and some problems in importing and marketing. 

FRI:SH tropical fruits imported by Japan arc listed in 
Table!. '111e biggest volume is that of banana. 771 175 t 
in 1992. The exporting countries or areas arc Philippines 
(70%), Ecuador (20'';;), Taiwan (8'k), Panama, Costa 
Rica, Honduras, and Malaysia. Banana import peaked in 
1972 when 1062884 t were brought into the country, 
ICll to a low of 575895 t in 1983. since when the volume 
has slightly increased. 

The second highest volume import is pineapple. In 
1992. 127 466 t of pineapple were imported from Phi
lippines (98%), Taiwan (I %), Thailand. and USA 
(Hawaii). 

The volumes of other imported tropical fruits arc not 
large. This is due to plant quarantine regulations and 
demand factors which will be discussed later. 

Mango ranks third with 8059 t imported from Philip
pines (90'k), Mexico (9';;.'), Thailand, Taiwan, and Fiji. 
\1angoes from Mexico, so-called apple mangoes com
mand a high retail price: 1000- 2000 Yen (US$9-1~) per 
fruit depending on the size. Thailand suJrted exporting 
mangoes, variety Nang Klarngwun. in 1986, but the 
volume was unexpectedly small. This was found mainly 
to be due to anthracnose and stem-end rot which infect 
young fruit on the tree and develop during transportation 
and after arrival in Japan. To control these diseases bag
ging of fruit on the tree, which is commonly practiced in 
Japan (Kitagawa et al. 19(2). was recommended. In 
addition to Nang Klarngwun, importation of Nam 
Dorkmai, Pimsen Dang, ami Rad varieties was permit
ted in January 1993. However. if these diseases arc not 
cnntrolled the volume will not be increased. 

* Faculty of Agriculture. Kagawa University, Miki. Kagawa 
76107. Japan. 
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Papaya occupies the fourth position in imports, with 
a volume of 5197 t in 1992. Most comes from Hawaii 
with small amounts from Fiji, Mexico. and the Cook 
Islands. If imports of papaya from Southeast Asian 
countries arc permitted, the volume will greatly 
increase. 

The firth fruit is avocado. Some 3559 t were impm1ed 
in 1992 from USA (Califomia) 61 ri; and Mexico 39'k. 
A vocado is becoming familiar to Japanese consumers so 
imports will increase. 

The sixth is coconut of which 2027 t were imported in 
1992 from the Philippines 9()'/f, Thailand 9'?r, Malaysia, 
Costa Rica, Indonesia, Sri Lanka, and Palau. Many Jap
anese feel nostalgic for coconut because of the famous 
song by Thoson Shimazaki about coconut drifting 
ashore. There is no quarantine restriction to importing 
coconut, so the volume can be easily increased if 
demand increases. 

n1e seventh fruit is Iychee. with a volume of 885 t in 
1992. Because of plant quarantine problems, only 
Taiwan is exporting Iychee to Japan. and the volume 
changes each year depending on production in Taiwan. 
Many Japanese arc not familiar with Iychee and demand 
will greatly increase with its promotion. 

Only very small volumes uf other tropical fruits arc 
imported as shown in Table I. This is due to planr qua
rantine regulations and supply limitations. Among these 
fruits. durian from Southeast Asia is not subject to qua
rantine regulation but imports were only 98 t in 1991. 
Japanese consumers arc not yet familiar with durian. 
Some of the tropical fruits are imported only out of 
curiosity but there will be a large demand for fruits such 
as cherimoya, mangosteen, alld rambutan. 



Table l. Fresh fruits imlX)rted into Japan 

Fruit Volume (t) Exporting country or area and 
--------- 0/[ of total in 1992, 1991 or 1990 

1990 1991 1992 

Banana 757520 803 340 771 175 (Phil. 70, Ecuador 20, Taiwan 8, Panama, 
Costa Rica, Honduras, Malaysia) 

Grapefruit 156655 260784 244578 (USA 97, Israel 2, S, Africa I) 
Orange 145188 82017 171700 (USA 97, Austral. 2, S, Africa I) 
Pineapple 128249 137786 127466 (Phil. 98, Taiwan I, Thai., USA) 
Lemon & lime 103 884 89079 93416 (USA 98, Mexico I, S, Africa, N,Z,. Austral.) 
Kiwifruit 58880 42651 52265 (N,Z. 93, Chile 4, USA 3) 
Melon (water- 16771 21 359 20695 (USA 73. Mexico 23. N,Z. 4. Iran. Austral.) 
melon incl.) 
Grape 12040 7568 7732 (Chile 52. USA 39. Taiwan 8. N.Z .. Thai .. 

China) 
Cherry 6858 5814 12617 (USA 99, N .Z. I) 
Mango 5 5]() 6885 8059 (Phil. 90. Mexico 9. Thai., Taiwan. Fiji) 
Papaya 5367 5271 5197 (Hawaii ca 100, Fin. Mexico. Cook 1.) 

Coconut 451.' 1724 2027 (Phil. 90. Thai .. 9, Malaysia. Costa Rica. 
Indonesia. Sri Lanka. Palau) 

Strawberry 3244 3639 3416 (USA 97, N.Z. 2, Taiwan, S. Korea, China) 
Avocado 2163 2665 :; 559 (USA 61, Mexico 39) 
Lychee 1209 1257 885 (Taiwan 100) 
POlnegranate 549 565 (USA 100) 
Persimmon 237 246 (N,Z. 100, S. Korea) 
Pomelo 121 134 (USA 100) 
Durian 88 98 (Thai. 99. Singapore, Phil.) 
Raspberry 26 34 (USA 87. N.Z. 13) 
Cherimoya 71 28 (USA 89, Mexico 6, N,Z. 5) 
Pepino II 13 (N.Z.lOO) 
Passion fruit 14 1.6 (N.Z. 77, USA 17. Mexico 6) 
Cactus fruit 7 18 (Vietnam 68, Mexico 32. USA) 
Tamarillo 6 5 (N.Z.lOO) 
Feijoa 7 6 (N.Z. 69. USA 29. Mexico 2) 
Nectarine 7 0 (N.Z. J(X» 
Pitaya 0.8 1.5 (Vietnam 78. USA II, Mt:xico II) 
Maracuja () (Mexico 1(0) 
Sapodilla 0.3 0 (Mt:xico 1(0) 

Total I 409431 1473 381 I 553839 

Source: Statistics of imponed fruit and vegetables. Japan Fresh Produce Import Faciliation (NISSEIKYO). Tokyo. 
Note: - ~ not available 

Plant Quarantine 

Japan does not harbour fruit fly or codling moth. Sus
ceptible fruits grown in areas infested with designated 
pests such as Mediterranean fruit fly. Oriental fruit t1y 
(mango t1y). melon Ill'. Queensland fruit ill', and codling 
moth cannot be shipped to Japan. However, when the 
Japanese plant quarantine authorities certify that a fruit 
shipment will not, because of strict adherence to regula
tion including proper disinfestation treatment prior to 
shipping, be a danger in spreading these insects in Japan. 
a special permit will be given. The countries and areas. 
fruits, and disinfestation method which have special per
mits are shown in Table 2. 

In addition. if the Japanese government thinks that 
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there is a risk from other pests which may not be listed in 
the present quarantine regulations, such as the Mexican 
fruit fly, it may consult with the exporting country 
regarding treatments needed. For example, mangoes 
from Mexico are subjected to hot water treatment 
(46.l oC for 90 min.) 

Ethylene dibromide (EDB) fumigation was long used 
to disinfest these fruits. but afln this material was found 
to be carcinogenic the Japanese Cjovemment banned its 
use on all fruits from December 1987. Cold treatment 
and vapour heat treatment were deve loped as substitutes 
and many fruits are being treated as in Table 2. 

Vapour heat treatment sometimes causes physiologi
cal disorders. For example, internal breakdown was at 
first very serious in mangoes from the Philippines I 



helped the research of the Postharvest Horticulture 
Training and Research Center, University of the Philip
pines on the consumer side (Esquerra ct al. 1990), and 
now it is not a commercial problem, 

Ionising radiation is another potential method of dis
infestation. Some Japanese consumers, however, arc 
very apprehensive of irradiation and it is likely that irra
diated fruit will not be acceptable to them even if the 
treatment is permitted by the authorities. 

In summary, research on plant quarantine and disin
festation methods that might be granted Japanese Gov
ernment approval is urgently needed to expand trade in 
tropical fruits. 

Processed Fruits 

One means of avoiding the plant quarantine problem is 
to import or export processed fruits. Canned pineapples 
are the major processed tropical fruit imported in to 
Japan, amounting to 60937 t in 1992. Exporting coun
tries were Thailand 50%, Malaysia 20%, Philippines 
17 Gk, Indonesia and various other countries. Importation 
of canned pineapple became free in 1991. There arc 
about 200000 t of canned pineapple produced in Japan, 

mostly in Okinawa, but the volume is decreasing. The 
total demand for canned pineapple is not expanding, but 
imports will increase as domestic production decreases. 

As well as canned pineapple, 12676 t of canned 
mixed fruits were imported in 1992. Some tropical fruits 
arc among these. 

Freezing is another method to process tropical fruits. 
In 1991, 3125 t of frozen pineapple were imported, from 
Thailand 91 %, USA 8%, Vietnam and China. Recently 
frozen mangosteen, durian, and other tropical fruits have 
become more common in retail stores or restaurants, but 
the import statistics are not available. The biggest prob
lem with frO/en fruit is that it docs not taste the same as 
fresh fruit. Research will be needed to achieve a better 
quality product. 

Some dried tropical fruits arc also imported. Though 
the statistics arc not available. the volumes involved arc 
thought to be small. 

Transportation 

There are three ways to transport commercial fruit to 
Japan: chartered boats, container boats, and by air. Thc 
lowest-cost transport is chartered boats. Most bananas 

Table 2. Fruits given special entry permits by the Japanese Govemment 

Country or area 

Australia 

Canada 
Chile 
China 

Uighur 
Israel 

New Zealand 

Philippines 
Spain 
S.Africa & Swaziland 
Taiwan 

Thailand 

USA 
Hawaii 
Washington 
Oregon 
California 

Fruit (cultivar) 

Orange 
l.cmon 
Cherry 
(;rape 
Melon (Hamigua) 

( )rangL' 

Grarefruit 
SWl·l"t) 

Cherry 
Nectarine 
Apple 
Mango (Carahao) 
Lemon 
Orange, lemon & grapefruit 
Orange 
Mango (Irwin, Haden) 
Lychee 

Designated pests 

Md.Qu 
Md.Qu 
Cd 
Md 
MI 

Md 
Md 
Md 
Cd 
Cd 
Cd 
Or.Me 
Md 
Md 
Or 
Or. \11 
Or 

Mango Or. Me 
(~ang Klarng\vul1) 
(I~am Dorkmai. i'imsen Dang. Rad) 
t\,'L'tarine. Walnut Cd 
I'apaya (Solo) Md.Or.Me 
Cherry Cd 
ChelTY Cd 
Chnr) Cd 

Disinfestation method 

CT (I.O°C. 16 days) 
CT (I .O°c. I --I days) 
Mil 
CT (In'. 12 days) 
(Pests controlled area) 

CT (0.5°C.I--I days) 
CT (O.5°C. l.l days) 
C1 ( I.S°C. 16 days) 
MB 
MB 
Mil + CT (O.S°c. 25 days) 
VHT (46.0°C, 10 min) 
CT (2.0°(', 16 day s) 
CT (- 0.6°C. 12 days) 
CT(1.0°C,14days) 
VHT (46.S°C, 30 min) 
VHT (46.2°C. 20 min) 
+ (,T (2.0°C. 42h) 

VIIT(46 soc. 10min) 
VHT (47.0°C. 20 min) 
Mil 
VIIT (47.2°(') 
MK 
ME 
MH 

Notes: CJ. codling moth; Md. Mediterranean fruit fly: \1e. melon fly; Ur, oriental fruit fly; Qu. Queensland fruit fly; CT, cold trcatrnetll; YHT. 
vapour heat treatment: MB, methyl hromide fumigation. 
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and pineapples imported arc carried by chartered boats. 
Three or four chartered boats of 3(X)O-4000 t ply 
between Davao. Philippines and Japan every week car
rying banana, pineapple and coconut. These fruits can be 
sold at very low prices in Japan. 

Chartered boats, however, need to carry large vol
umes, so many fruits are transported by container ships. 
Container ships have the advantage of carrying as little 
as needed and at a reasonably low cost. Also, their tem
perature regulation is quite strict. 

Container ships, however, are not available from 
every city or area. Forexample, there is no container line 
from Hawaii to Japan. All papaya fnlIll Hawaii imported 
into Japan, more than :i000 t a year, arc therefore carried 
by air. Of course, air transportation has the advantage of 
speed. Clearly, it is necessary to consider the transpor
tation method when planning to export fruit to Japan. 

Fruit for Japanese 

The quality of drinking water in Japan is excellent. So 
thcre was no need for people to eat fruit as a source of 
water. Also as vegetables are readily available all year 
round, vitamin C deficiency has never been a problem in 
Japan. Thus Japanese people have not considercd fruit 
as very important to health. 

For centuries the most important fruit was dried per
simmon. As there was no sugar production, it was the 
sweetest food. This led. in my opinion. to Japanese con
sidering fruit as a table luxury rather than a food (Kita
gawa 1991 a). 

After the Meiji Restoration in 1868, the govemment 
introduced apple, cherry and other fruits and encouraged 
the farmer to produce for thc market. Fanners started to 
grow fruit intensively because they could sell it at a very 
high price if they delivered a high quality. When Muscat 
or Alexandria grapcs or musKmelons wcre introduced, 
famlers started to grow them in glasshouses as the Eng
lish nobles did at their castles, employing the court gar
dcncrs. At present, many fruits are being cultivated in 
plastic houses or under plastic roofs. Some houses arc 
heated to produce early fruit. 

In the early years of the 20th century, fruit were pur
chased only by a few wealthy people and generally con
sidered. much like tlowers, as om aments or gifts. As this 
custom still exist>, you will see various kinds of fruit ill 
gift baskets and beautiCully ckcmated boxes being sent 
to respected persons. friends. or sick pcople. For this 
purpose, fruit should be excellent in external appearance 
and this is why size, colour. and overall fruit quality are 
so important for the fruit trade in Japan. 

In more recent years. howC\cr. fruits have become 
primarily consumed as Cood. Current fruit consumption, 
however, is 63 kg,person'year (total dumestic produc
tion + imports minus exports including fresh and pro
cessed per population) which is not large when 
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compared with other countries. Japanese make a dis
tinction between eating fruit and other foods. To them 
eating fruit is a pkasurc or luxury similar to taking 
alcohol ic drinks. It is quite common for a fam ily to share 
a single apple as dessert. So, an apple should be large, 
have a good appearance and be of good eating quality. 

One oC the characteristic features of fruit marketing in 
Japan is the presence of quality fruit stores which sell 
only fruit. In the first class shopping area of a large city 
there are stores in which fruits are sold on a large scak 
at very high prices. In this type of store, it is not 
uncommon to pay for a single apple or grapefruit :iOO--
1000 Yen (CS$4-tJ) and 10000 Yen (US$90) for a 
musk-melon. 

Fruit of high quality comlllands an extremely high 
price when sold ill quality fruit stores; however, the 
price for fruits of slightly lower grade is far lower. In 
Japan the dillcrence in price between high quality and 
lower quality fruit is lllLll'h larger than in other countries. 
Also, rare and exotic fru its arc sold at a very high price. 
Ilowever, if a fruit loses rarity and becomes more 
comlllon the price goes down and sometimes even con
sumption decreases. 

At the present time there are two types of tmpical 
Cruits in Japan: those imported in large volumes and sold 
at a very low price, and those imported in small volumes 
and sold at a very high price. Banana and pineapple arc 
the fonner. They are the cheapest fruits in Japan and the 
quality fruit store does not handle them except Cor spe
cial cultivars. On the other hand. \1exican mango, cher
imoya, durian. and Illany other tropical fruits are in the 
latter category. They arc imported in small volumes and 
sold at very high prices at quality Cruit stores. Small 
quantities oC mangostecn (051 kg) imported from 
Colombia in 19/{9 sold at more than 1000 Yen (US$9) 
per piece at quality Cruit stores. 

In summary, Japan produces some 5500 500 t of 
fruits and imports I 500000 t of fresh fruits a year. 
There is a big demand for tropical fruits if they arc of 
high quality (Kitagawa et al. 1990; Kitagawa 1991 b) 
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Diagnosing the Causes of Outturn Problems 
in Imported Tropical Fruits 

Anna Snowdon* 

Abstract 

LktL'fioration in tropical fruit consignmcnts may take the form of physical, physiological or pathological damage. 

Importers need to know whether the causes of damage can he traced to pre-shipment factors (such as latent 
infectiun) or to carriage conditions (such as improper temperature control which may cause chilling injury). 

Prompt examination of damaged cargo is essential. In addition to accurate diagnosis of the nature of deterioration, 
it is important to ohserve patterns of damage: losses are frequently due to a comhination of adverse factors. and 

may thus be the responsibility of dille rent parties. TI1C exp0I1cr is responsihle for presenting cargo 'in good order 
and condition' to the carrier. He should also supply carriage instructions appropriate to the commodity: these need 

to be accurate. succinct and unambiguous. Under the Hague Rules. a ship owner is required to exercise due dili
gence hut is excused liahility for damage arising from' inherent vice' of the goods. It is the duty of the importer to 

mitigate his losses and. depending on the case, it may fall to the cargo underwriter or the carrier's Protection and 
Indemnity Cluh to bear the loss. A proper understanding of cargo deterioration can lead to reduction of losses in 

thl' future. 

THERE is an increasing international trade in tropical 
fruits; the five most important (banana, pineapple. 
mango, avocado, and papaya) are finding new markets, 
while diverse minor tropical fruits are becoming more 
widely known and appreciated in temperate countries 
(Proctor and Cropley, these proceedings). Storage 
potential of tropical produce is limited by a general sus
ceptibility to chilling injury (Watada 19S2); at the req
uisite moderate storage temperatures (S-IS°C, 
according: to commodity) postharvest life tends to be 
measured in weeks, or even days, compared with the 
months of storage possible for the main temperate com
Illodities (such as apples or grapes stored at temperatures 
close to (j°C) (Hardenburg et al. 19S6). Markets may be 
at the other side of the world, with strict quarantine reg
ulations necessitating insect disinfestation procedures 
which may further curtail storage life. If to these ditTi
culties is added the great diversity of requirements for 
di fferent tropical fruits, the inexperience of some 
exporters who attempt trial shipments, and the deficien
cies of certain carriers, it is perhaps not surprising that 
some consignments arrive in poor condition. Deteriora
tinn results in loss of money and loss of confidence, and 
often there is a dispute over liability (Snowdon 1979). 
Clearly, it is important to determine the causes of dete
rioration, firstly as a means of resolving cargo claims, 
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and secondly so as to be able to avoid similar losses in 
the future (Amezquita and la Gra 1979; Harvey 1975; 
Snowdon 19S5). 

Methods 

Cargo surveys are carried out in response to a request 
from one of the parties involved, namely the importer, 
the exporter, the cargo underwriter, and the carrier (e.g. 
ship owner or charterer) or his insurer. Whenever pos
sible, the cargo is examined while still in the ship's 
hold. As soon as the hatch is opened, the temperature of 
the produce is taken by means of an electronic spear 
thermometer. Throughout discharge. observations are 
made on the condition and temperature of cargo in dif
thent locations in the hold. Notc is taken of the design 
of the chamber, the position of air vents and thermome
ters, the power of the fan system, and the way in which 
the goods have been stowed. Photographs, both general 
and close-up, form an important par1 of the survey 
record. Details are taken of the program of loading ill 
the country of origin, the atmospheric temperature 
recorded by the ship's officers during loading, and the 
progress of the voyage. including any delays, detours, 
or adverse weather en route. Enquiries are made as to 
whether or not the Master received specific carriage 
advice from the exporter. For a reerer (refrigerated) 
cargo additional details are recorded: the method of 
refrigeration. the rate of fresh air exchange. the fre-



quency of defrosting, and the time taken to cool the 
cargo to the requested carriage temperature. The ship's 
refrigeration log shows air delivery. air return, and 
hatch temperatures recorded every four hours, and 
sometimes also relative humidity and carbon dioxide 
concentration. During examination of produce carriecl 
by refrigerated container, it is necessary to note the 
position and readings of any portable temperature 
recorder which may have been placed inside at the time 
of 'stuffing' (filling) the container; some exporters use 
these as an independent check. 

Further observations on the cargo may be carried out 
on the quayside, in the clock shed, ancl in the laboratory. 
A similar procedure is used for cargoes carried by road, 
rail, or air. 

The first stage in diagnosis is to detern1ine the nature 
of the deterioration. There may be physical damage in 
the form of cuts, bruises, or insect burrowings (Drake 
1983; Kader 1992). There may be adverse physiological 
changes such as watersoaking of the flesh or a failure to 
ripen, or even simple senescence (Kader 1985; Knee et 
al. 1985). There may be pathological decay incited by 
microorganisms which can be isolated and identified 
(Grogan 1981; Persley 1993; Ploetz et al. 1993; Ross
man et al. 1987; Sutton 1985), and finally there may be 
chemical injury manifest as bleaching, pitting, or visible 
residue. 

Once the nature of the deterioration has been deter
mined (or at least postulated), it becomes feasible to 
investigate the contributory causes and to find out when 
they became operative. For imported produce the broad 
commercial question is: can the deterioration be 
ascribed to adverse pre-shipment factors, adverse car
riage conditions, or a combination of both? 

Pre-shipment Factors 

All aspects of pre-shipment history are relevant and may 
require investigation. Some information can often be 
obtained from the importer, who is usually in close 
communication with his shipper (exporter). Alterna
tively, a visit can be made to the producer country in 
order to observe current practices at first hand. 

The weather during the growing season has an impor
tant bearing not only on crop development but also on the 
incidence and severity of diseases (Moline 1984; John
son and Coates 1993). These are also much influenced 
by crop husbandry (Hofman and Smith, these proceed
ings; Palti 1981). The care and attention (or lack of it) 
given to harvesting and grading is later manifest in the 
quality and condition of the fruit (Kader 1992). Posthar
vest treatments may include application of heat or cold, 
and chemicals such as fungicides and antioxidants 
(Eckert and Ogawa 1985; Shewfelt 1986; Eckert 1990; 
Paull 10S'0; Barkai-Golan and Phillips 1991; Prusky and 
Gat 1992). Choiee of packaging detern1ines how well the 
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produce will be protected en route (Peleg 1985; Wills et 
al. 1989). Some types of tropical fruit benefit from pre
cooling before shipment, and the efficiency with which 
this is done may be crucial to quality maintenance 
(Lipton 1978; Wade 1984; Worthington-Smith 1985). 

Carriage factors 

The method of stowage determines how well air can 
circulate through the cargo, and must be related to the 
intrinsic design and function of the vessel's equipment 
(Hales 1973; Serine 1981; Thomas et al. 1983; Alders 
1987). Similar principles apply when the cargo is carried 
by road, rail, or air (Gac 1974; Harvey 1981; Ryall and 
Pentzer 1982; Isenberg 1984; Anon. 1985; Nicholas 
1985; Ashby et al. 1987). Carriage instructions need to 
be accurate, succinct, and unambiguous; in practice, 
however, they are often misleading or non-existent. 
Finally, if there is a delay, the length of journey may 
become relevant, particularly for tropical fruits, most of 
which have a characteristically short postharvest life 
(McGlasson et al. 1979). 

In diagnosing the causes of deterioration, it is impor
tant to look for patterns of damage on several levels 
(Snowdon 1990). For example, in fruit consignments 
carried by ship, there might be patterns discernible as 
follows: 
• in or on the individual fruit 
• within the package 
• within the hold 
• within the vesscl 
• over the season 
• over the years (usually related to weather). 

Three case studies illustrate some of the principles 
outlined above. 

Case Study No.1 
Panamanian Bananas to Antwerp 

The refrigerated vessel had five holds, each divided into 
four decks. The vessel first loaded Californian and Ari
zona citrus (minneola tangelos and lemons) in Browns
ville, Texas, and these were stowed in Nos 3 and 4 
Lower Holds, viz. Decks 3C, 3D, 4C, 40 (Fig. I). The 
vessel subsequently suffered a main engine breakdown 
which necessitated the ordering, air-freighting, and 
installation of spare parts. resulting in a 9-day delay 
before the vessel could leave Brownsville. (During this 
period the refrigeration continued to operate norn1ally 
and the citrus was maintained at the requested tempera
ture of 5°C.) The vessel then proceeded to Armuelles, 
Panama, and loaded bananas in all the remaining cham
bers, including Decks 3A. 3B, 4A, 4B (Fig. I). The car
riage temperature of 13°C was achieved within the 
normal time and, after a lO-day voyage, the vessel 
arrived in Antwerp. 
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Figure 1. Stowage plan and paltcrn of damage in refrigerated vessel from Case Study I 

On discharge ofthe cargo, it was found that the citrus 
was seriously decayed by Penicillium digilalum and 
Penicillium ilalic'um, and that a substantial quantity of 
bananas had undergone premature ripening. The pattern 
of damage was as follows: the bananas stowed in 
Hatches 1,2, and 5 (all decks) were in perfect condition, 
being hard green, while the bananas stowed in Hatches 
3 and 4 Tween Decks were in various stages of ripeness. 
The evidence was that there was no pre-shipment dif
ference between the di fferent lots of bananas; all were 
from the same origin and had bcen cut and packed 
during the same period. The ditlerence in outturn con
dition appeared to be a function llf location in the vessel, 
in that those bananas stmvcd abovc the citrus (and only 
those bananas) had ripened prematurely. 

Bananas ripen in response to ethylene. whether it be 
endogenous or from an external source (Liu 1976; Mar
riott 1980; Blanpied 1985; Knee et at. 1985). During 
shipment, a policy of constant fresh air exchange serves 
to purge the hold atmosphere of the small quantities of 
ethylene produced by green bananas (Stover and Sim
monds 1987). In the present case, however, there must 
have been substantial quantities, such that ripening was 
'triggered' despite normal air refreshment. The expla
nation is that prodigious amounts of ethylene are pro
duced by mouldy citrus, partly by the fruit itself in 
response to stress, but mostly by the mould Penicillium 
digitatum (Waks et al. 1985). 

The pattern of damage within the vessel thus indi
cated that the bananas had ripened in response to ethy
lene from mouldy citrus stowed in proximity. The 
question then became: by what route had the hold 
atmospheres intem1ingiccP There were three possibili
ties. First, some ships are badly designed, in that the 
fresh air intake vents of one chamber are located too 
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close to the exhaust vents of another chamber. with 
obvious consequences. Second, if a ship is not well
maintained, the hatch seal between decks may be 
imperfect. Third, the design of many ships allows access 
to the battery space on each deck, via vertical trunking 
which, when in use, temporarily interconnects all the 
decks of a particular hold. In the present case it was 
established that the fresh air vents were not at fault, that 
there was a substantial gap in the hatch seal between 38 
and 3C (but not between 4B and 4C), and that daily 
access to the battery spaces would have permitted sub
stantial mingling of atmospheres within the decks of 
individual holds. 

During protracted litigation, lawyers for owners of 
the banana cargo suggested that the problem could have 
been avoided if all the citrus had been confined to one 
hold (four decks). However the two commodities were 
loaded at different ports, the citrus first, and besides the 
increased loading time which would result from the use 
of only one hatch, it would not be good stowage policy 
to sail from the first port with one hold filled and the 
others empty, because of possible instability problems. 

Lawyers for owners of the citrus cargo argued that 
stowage in two hatches was justified, but that there 
should have been airtight separation between the various 
decks, so as to preclude the possibility of interaction 
between incompatible commodities. 

Lawyers Cor the ship owner argued that since the 
leaky hatch seal in Iioid 3 could !lot account for the 
ripening in Hold 4. then lack of maintenance was not 
causative; the predominant route for the intermingling 
of atmospheres must have been via the access trunking, 
a normal design Ceature 01' refrigerated vessels. They 
also pointed out that had the citrus been healthy it would 
not have produced ethylene, and so the problem would 



not have arisen. Opposing lawyers countered with the 
accusation that had there not been a delay owing to main 
engine failure, the citrus would have still been in a 
healthy state as loaded. The evidence was, however, that 
the citrus was 'end-of-season' and, according to the 
ship's chief officer, was showing signs of blue/green 
mould even at the time of loading. 

The case was complicated by the fact that the vessel 
was on charter, and so there was further dispute about 
liability between ship owners and charterers. The even
tual outcome was two separate settlements without 
recourse to a trial. 

Case Study No.2 
Pakistani Mangoes to Dubai 

There is an established trade between Pakistan and the 
Arabian Gulf, the voyage time being little more than 3 
days. Mangoes arc highly prized, both by the Arab pop
ulation and by migrant workers, many of whom are from 
the Indian sub-continent; the market is especially strong 
at the time of the Muslim festival signifying the end of 
Ramadan. I t was in view of this that the exporter decided 
to despatch an entire shipload, rather than (as is more 
usual for mangoes) a containerload. 

The vessel was refrigerated, and the requested car
riage temperature was 12°C. On arrival in Dubai, how
ever, the cargo was said to be hot, and the fruit was 
manifestly unacceptable, being discoloured and appar
ently rotten. 

Lawyers for thc cargo owner alleged that carriers had 
failed, either through a refrigeration breakdown or 
incompetence of ship's personnel, to cool the fruit as 
requested, and that it had deteriorated in consequence. 

Lawyers for the ship owncr pleaded that large quanti
ties of mangoes had already been assembled at the load
port (Karachi) at the time of the ship's arrival, and that 
some of the fruit was already ripening or ripe when 
received on board. 

The evidence was that the mango-growing areas were 
at a great distance from Karachi, and that harvesting, 
packing and transport of such a large quantity (435 t) 
had taken several days. So great had been the pressure to 
despatch the cargo on time that only a small proportion 
of it was properly packed in shallow, well-ventilated 
cartons; instead, most of the fruit was in large plywood 
cases lined with newspaper and possessing no means of 
ventilation. 

Mangoes arc climacteric fruits. characterised by a 
sudden rise in respiration rate (and hence heat produc
tion) at the onset of ripening (Krishilarnurthy and Sub
ramanyam 1973; Lakshminarayana 1973; Caygill et al. 
1976; Hubbert et al. 19S7). In the present case, it was 
concluded that ripening was well underway before 
loading, that packaging was inappropriate. and that even 
an efficiently-run refrigerated vessel could not be 

97 

expected to dissipate the heat produced by such a cargo. 
At the same time it had to be acknowledged that the 
vessel was in fact not operating efficiently, owing to 
poor mainh:nance and inexperienced personnel. 

The case against the vessel was defended in a local 
court in Dubai, which found that despite the inherent 
defects in the cargo, ship owners were partly responsible 
for the loss. 

Case Study No.3 
Greek Oranges to Novorossiysk 

This example concerns oranges which, though not usu
ally classified as 'tropical fruit', may be of considerable 
importance in some tropical countries, such as Brazil, 
Mexico, India and Pakistan. The case is included 
because it illustrates some of the pitfalls which may be 
encountered when new markets are sought. There had 
been a traditional trade between Greece and the former 
Soviet Union, in which citrus was shipped into the 
Ukrainian port of Odessa and subsequently despatched 
overland to various destinations including parts of 
Russia. Following the dissolution of the Soviet Union 
into separate republics, it was decided to ship directly to 
the Russian Black Sea port of Novorossiysk. 

The voyage, from the Greek port of Nafplion via the 
Bosphorus, takes only three days and so it is appropriate 
to ship citrus in ventilated space at ambient temperature 
rather than to pay a higher freight rate for refrigerated 
space. During the winter months, however, cold, wet, or 
windy weather may preclude the possibility of continu
ous full ventilation. 

The port of Novorossiysk is engaged primarily in 
exporting cement and importing grain; there are also 
specialised berths for timber and fish, but apparently no 
tradition 01 dealing with perishable horticultural pro
duce. At the time of arrival of the orange shipments there 
was serious congestion. following closure of the port for 
several days as a result of stormy weather. Many vessels 
were forced to wait at anchor 'in the roads', and for var
ious unexplained reasons some of the ships carrying 
oranges spent several weeks waiting for a berth. Even 
after a berth was secured, there was sometimes a short
age of dock labour to unload the cargo. From a series of 
shipments during December and January, two will be 
considered, both of which had been subjected to a delay 
of approximately four weeks. 

The first vessel had sJ1lail holds with shallow decks, in 
which the cartons had been well-stowed, six tiers high, 
and with air channels both fore-and-aft and athwart
ships. There were written carriage instructions but with 
no mention of the required ventilation policy. The 
Master knew from experience, however, that it was 
probably wise to continue ventilation (albeit at a reduced 
rate) even when outside conditions were unfavourable; 
it is better to risk cold injury to a small proportion of the 



cargo (close to the air intake vents) than to risk suffoca
tion of the whole. Thus, despite atmospheric tempera
tures well below O°c, the fans had been operated almost 
continuously, but at half speed. The cargo on discharge 
was found to have pulp temperatures in the region or 
Soc: there was no sign ur chilling injury or freezing 
injury, but a proportion of the fruit had been rotted by 
A/lernaria cilri, Penicillium digiwlutII, and Penicillium 
ila/icum (Ceponis et al. 1986; Whiteside et al. 1988), 
The cargo was nevertheless deemed commercially 
acceptable . 

111e second vessel had Ulmparatively large deep 
holds. The cartons had been stowed twelve tiers high 
and without air channels. There were no l'arriage 
instructions, '111e fans had been operated sporadically 
because of the cold and because of a fear that they might 
break down if operated continuously. One of the 
",,'cather deck hatch covers lacked a rubber seal, thus 
allowing rain water to penetrate and drip on to the sur
face of the stow. The fruit in all holds had self-heated 
owing to poor ventilation; eWIl when air was being 
introduced into the holds, it \\ as unable to penell'ate the 
solid stow. Respiratory heat and moisture had built up 
and, in the leaking hatch, the stow had undergone total 
collapse. Pulp temperatures were between 20 and 50°C, 
and the predominant causes of decay were Aspergillus 
niger, Alpcrgillus (erreus, and Trichoderma viridc, all 
of which have optimal growth temperatures in the 
regiun of :lOot: (Holliday Il)~()). Much of the cargo had 
to be dumped, and the ship was arrested by way ()f 

security, 
The condition of any cargo on outtum is the resultant 

of its pre-shipment condition coupled with the environ
ment to which it is subjected while on board ship. In thl' 
first shipment the disadvantage \)f delay had been par
tially offset by the optimisation of shipboard environ
ment (through good stowage ami judicious ventilatiun): 
deterioration was significant but limited. because the 
temperature had been maintained low enough to slow 
down fungal growth but not so low as to cause chilling 
or freezing injury to the fruit. Despite the inadequate 
carriage instructions the cargo had been well cared for. 

In the second shipment the critical factor was the poor 
stowage. which probably rendered the ventilation pol icy 
irrelevant. Arguably a solid stow would have been ade
quate for the prospective voyage of three days, but it 
became disastrous as the delay lengthened. In one of the 
tween deck spaces the deterioration was compounded by 
the additional adverse factor of water ingress. Liability 
has nut yet been determined. but it is likely that, under 
the terms of the contract, ship owners would be respon
sible for the leaking hatch covcr and charterers for the 
stowage. Whether blame for the delay can be attributed 
to the importer's representative or to the harbour 
authorities remains to be scen, 

<)x 

Legal Aspects of Cargo Claims 

There arc two main types of contract under which goods 
are carried by sea, viz. Charters and Bills of Ladmg. 
Charters can be divided into three main categories: Bare 
Boat Charters. Time Charters, and Voyage Charters. 
When a vessel is on bare boat charter (or demise charter, 
as it is sometimes known) the owners effectively hand 
over the running of the vessel to the charterers who 
operate her as if they owned her, subject only to their 
paying hire to the owners; charterers are responsible for 
cargo claims. When there is a time charter the owners 
allow the lise of thc vessel for a specified time in return 
for payment; they retain control ()f the vessel and pro
vide a crew although they arc obliged to operate her in 
accordance with charterers' instructions. III a voyage 
charter. where a vessel is chartered for a single voyage, 
owners retain complete control of the vessel and they 
receive freight. In both time and vuyagc l'harters, owners 
are usually liable for cargo claims. although they an.' 
excused liability for those arising as a result of unsea
worthiness, prov idcd that they have exer,'ised personal 
due diligence in this regard. TIlere arc printed forms of 
charter in common use, but these are often supplemented 
by additional clauses. In the majority of cases the rights 
or the cargo claimants depend on the terms of the Bills of 
Lading under which the cargo is carril'd. 

Bills of Lading arc perhaps the most important docu
ments in international trade. They arc negotiable docu
ments and rcpresent the goods. Generally, whoever 
holds the Bills of Lading owns the goods, save where 
they an: held by banks by way of security. A Bill of 
Lading has been described as 'a receipt for goods 
shipped on board a vessel, signed by the person who 
contracts to carry them, or his agent. and stating the 
ternlS on which the goods were delivered to and received 
by the ship. It is not the contract. for that was made 
before the Bill of Lading was signed and delivered, but 
it is excellent evidence of the terms of the contract'. The 
Bill of Lading will usually state that the goods were 
'shipped in apparent good order and condition' and, if 
this is unqualified, ship owners arc estopped (a legal 
term meaning 'prevented') from alleging that the goods 
were visibly 111 poor condition on shipment. The Bill of 
Lading can, however, be endorsed if the goods were in 
damaged condition on shipment. 

After shippers (exporters) have effected shipment, 
they arc entitled to receive a Bill of Lading from the 
ship, and traditionally three originals are prepared. The 
shippers have probably sold the goods to receivers 
(importers) who, under the temlS of their contract, are 
obliged to pay cash against documents or by means of a 
letter of credit In theJonner case, shippers will probably 
hand the shipping documents to their bank who may be 
providing finance, and the bank passes them to a corre
sponding bank in the country of destination. The bank 



will release the shipping ducufllents (I.e. the invoice. 
Bills llf Lading. and insurance policy) to the receivers 
against payment. I I' payment is to bc by means of an 
irrevocable lettl'f III credit. the shippers receive payment 
on surrendering to the ban~ the dOl'uments required hy 
the lettl'f of credit. Letters or credit can be complicatl'd. 
and their requirements must be met precisely. 

Before a mceting of the International Law Associa
tion in the Ilague in 1921. and the Diplomatic Confl'f
ence on Maritime Law in Brusscls in 1922, ship ownl'fS 
could in general insert sllch terms as they wishcd in their 
Bills of Lading. The purpose of the above meetings was 
to devise a code imposing minimum ohligations on 
owners. and this cotie is generally known as the Hague 
Rules. In England. the Carriage oj'Goods hr Sea Acl of 
I Sl24 gave statutmy effect to the Hague Rules. The 
English Act provides that all Bills of Lading issued in 
this country arc to II1corporatc the Act. The legislation in 
different countries varies and in some. for example the 
United States, the local law provides that the Hague 
Rules arc to apply hoth to Bills of Lading issued in the 
l:nited States and to those which require delivery of the 
goods there. Ship owners can always accept more 
responsibilities than the minimulll required hy the 
Hague Rule,. but they cannot lessen their liabilities 
other than is specifically permitted. 

Basically the Hague Rules rl'quire ship owners to 
exercise due diligence with regard to the seaworthiness 
of thc carrying vessel. From the lawyer's point of view, 
a vcssel can hc technically unseaworthy if she has minor 
defects. for example a leaking hatch cover. If the defect 
could have been asccrtained in the ahsence of negli
gence, then the exercise of due diligence could not be 
established. There is a large volume nf case law which 
assists practitioners when advising vl/hether or not due 
diligence could be establishee!. 

The Rules also require that ship owners . properly and 
carefully load, handle, stow, carry, keep, care for and 
discharge the goods'. However. provided that ship 
owners can satisfy the requirements regarding the 
vessel's seaworthincss and thc exercise of due di I igence, 
they can rely on various exceptions from liability, 
including liability for loss ami damage resulting from 
'wastage in bulk or weight or any other loss llf damage 
arising from inherent defect, quality or vice of the 
goods'. A cargo with inherent vice has heen defined as 
'any cargo which hy reason of its own inherent qualities 
is lost without any negligence by anyone', and as pos
sessing 'an inability to travel safely under ordinary 
commercial conditions'. The exception does not apply 
to the extcnt that the damage has been aggravated by the 
owncrs' breach of contract, e.g. his failure to care prop
erly for the cargo. If, therefore, deterioration is due 
partly to inherent vice and partly to improper stowage, 
then ship owners are liable for the extra damage result
ing from improper stowage. 
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In brief, it is the responsibility of the exporter to 
present cargo . ill good order and condition' and to 
supply appropriate carriage instructions. It is the 
responsibility of the carrier and/or charterer to care for 
the cargo in transit. I n case of deterioration, it is the 
responsibility of the importer to mitigate the loss and to 
submit a prompt and well-substantiated claim. The 
cargo may have been insurl'd by a cargo umkrwntl'r, 
and the vessel is probably entered in a P 8: I (Protection 
8: Indemnity) Club which provides cover against losses 
and claims of 'various kinds. 

The claimant or plaintiff must prove that the damage 
occurred during the period the cargo was in thc custody 
of the carrier. I Ie meets his initial hurden of proof by 
producing clean Bills ()f Lading (stating that the cargo 
was shipped in apparent good order and condition) alnng 
with evidcnce uf damaged condition on outturn. This is 
the claimant's prima facie case. When the goods are in 
packagcs. or when the cause of damage is not apparent. 
then he cannot rely on Bills alone but Illust adduce evi
dence that the goods were in fact in good condition on 
shipment. The burden then shifts to the defendant (the 
carrier) to establish a legal excuse from liability. and the 
most C()fllmon is a pica of 'inherent vice'. 

Similar principles apply to goods carricd by other 
means. Air cargn is covered by the Warsaw Convention 
which, however. applies only to international carriage. 
Goods are shipped under an Air Waybill (AWB) or Air 
Consignmcnt Note which is deemed to be the contract of 
carriage. TIle carrier is I iablc for loss ()[ damage, 
including damage occasioned hy delay, unless he can 
prove that all necessary steps to avoid loss were takcn. 
that there was contributory negligence by the consignor. 
or that there was contributory negligence by the air 
crew. 

Clearly, in all cases of loss through detcrioration, it is 
essential for each party to arrange for immediate and 
accurate assessment of the quantum, nature, and causes 
of loss. In the short term this will assist in the prompt 
scttlement of claims: furthermore, a proper understand· 
ing of cargo cieterioration can lead to reduction of losses 
in the future. 
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Marketing of Tropical Fruit - Session Summary 

Chairman: Dr Ma. Concepcion C. Lizada, Post-Harvest Training and Rescarch Ccntre, 
Phil ippines 

Rapporteur: Mr Colin Bunt, Piccone Horticultural Consultancy, Australia 

THIS was a very interesting session, exploring diverse aspects of what became a more 
general theme of the conference: international trade in tropical fruit and impediments to 
it. 

In the first paper presented, Mr David Minnis from Australia gave a broad ovcrview of 
the potential of tropical fruit markets in Asia, focusing mainly on the established markets 
in Singapore, Hong Kong, Taiwan, Japan, and South Korea, but noting thc potentially 
lucrative markets in North Asia. An indication of the future potential of Asian markets is 
perhaps provided by Korea, which has opened up to fruit imports in only recent years. 
Banana imports, for example, rose more than fourteenfold between 1990 and 1991, from 
21 000 to 3 15 000 t. 

Mr Minnis outlined various strategies he saw as essential to thc successful marketing of 
fresh tropical fruits in Asia, including exploitation of seasonal advantage, reduced use of 
chemicals, development of non-chemical disinfestation treatments, and introduction of 
total quality management (TQM) systems that increase consumer confidence in fresh 
fruit. 

Ms Felicity Proctor from the U.K. presented a paper co-authored with Mr J.P. Cropley, 
on trends and changes in the European market for tropical fruits. It was clear from her 
presentation that, as in Asia, the European fruit trade is strongly market driven, \vtth the 
major focus on consistent delivery of products of acceptable quality. The main tropical 
fruits imported into Europe are pineapple, mango, avocado, and papaya, and the market for 
these has increased steadily. Markets for minor exotic fruits such as Iychee, carambola, 
mangosteen, and rambutan have, however, declined in relative terms in recent years. Ms 
Proctor's presentation covered the distribution structure in Europe, legislation impacting 
on the fruit trade, and trends in consumption, and stressed the need for codes of practice for 
product management. 

Dr Lindsay Milne provided participants with an exhaustive account of postharvest han
dling practices for South African avocadoes, mangoes, and Iychees destined for European 
markets. Research in South Africa on postharvest handling of Iychees, including S02 and 

low pH treatments, and sodium metabisulfite dips, was of particular interest to Southeast 
Asian participants. 

Professor H. Kitagawa gave an interesting account of the market for tropical fruits in 
Japan, which is strongly influenced by the Japanese conception of exotic fruit as something 
very special. Conference participants were intrigued by this and the remarkably high prices 
that Japanese consumers are preparcd to pay for what they see as desirable pieces of fruit. 
On the other side of the coin, Japan's plant quarantine regulations remain a significant 
hurdle to expansion of trade in tropical fruits. 

Finally in this session, Dr Anna Snowdon from the U.K. provided some fascinating 
insights into what can, and does, go wrong during shipment of tropical fruits to distant 
markets, and the financial and legal ramifications. Three case studies lent added weight 
and interest to her presentation. They covered disasters involving shipment of bananas 
from Panama to Antwerp, of mangoes from Pakistan to Dubai, and of citrus from Greece 
to Russia. 
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Harvesting, Processing, and Transportation 



When to Harvest - Maturity Standards versus 
Harvesting Indices 

Amos Blumenfeld* 

Abstract 

Harvesting in the optimal stage of fruit development has a pronounced effect on income. Harvesting too early 
results in incomplete use of the yield potential of an orchard, and in fruits which arc not at their pcak quality. 
Delaying harvest results in losses due to fruit abscission and softening, leading to shortened shelf life. reduced 
storage, and increased intcmal disorders. Considerations of harvesting criteria will he discussed in general, with 
examples of several fruits. 

* Agricultural Research Organisation, The Volcani Center. Bel 
Dagan 50250. Israel. 
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Fruit Packing House Operations to Improve Returns 

Clive Murray* and Cameron Georget 

Abstract 

Packing houses arc commonplace on larger orchards in Australia. With shortages of unskilled lahour. increasing 
labour costs. and a requirement to improve quality. Thai primary produce". packers. and exporters are investing 
in packing shed machinery to improve returns. Examples from existing packing sheds in '111ailand and Australia 
in comparison with traditional methods of handling fruit in Thailand. justify investment in equipment in both the 
mango and citrus industries in Thailand based on minimal throughputs. Benefits are shown to be savings in labour 
and reduction of postharvest losses. This is in addition to the other benefits that include easier supervision and 
higher possihlc throughputs. 

AT an FAO regional expert consultation on handling, 
processing, storage, and transport of horticultural pro
;Jucc held in Bangkok in 1990, postharvest loss figures 
ror fruit in Southeast Asia were reported to range from 
I}--IOO% for banana, 15-30% for citrus, 20--33% for 
mango, and 40-1 OO'k for papaya. 

The highly perishable nature of fresh horticultural 
produce means that the problems and solutions can be 
very complicated. Many of the problems relate to partial 
or total quality loss during the marketing chain. While 
the solutions may he known. they are not always 
arplied. This may be the result of lack of knowledge by 
th~ specific operator. poor managcment/supervision, 
ard/or economic factors. 

The packing shed is the focal point for application of 
pc,stharvest treatments and quality standards. The entire 
process, specific to the product being handled. correctly 
a]:plied and supervised, is essential to deliver a consis
tently high quality product as demanded by the overseas 
or local market. 

Any investment in a packing shed needs to be justi
fied through: 
• increased returns by generating a higher selling 

price; 
• increased returns by decreasing production Ipacking 

costs; 

* PSF Equipment (1hailand! Co Ltd. 312/30 Ruam Chitr 
Townhouse, Sukhumvit Soi 22. Klong Tocy. Bangkok, 
Thailand. 

-;- George and Courtier Pty Ltd. Cnr Fison Ave and Holt St. 
Eagle Farn1. Queensland 4009. Australia. 
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• increased demand for the product; or 
• decreasing postharvest losses of product caused by 

incorrect or inadequate postharvest treatments. 
In this paper we attempt to show why and how pack

ing sheds improve returns to growers. 

Background 

By way of example we will concentrate on mango pro
duction, but with sorties into other industries. 

There are three reasons why mangoes deteriorate after 
harvest: 
• physical deterioration; 
• postharvest diseases; and 
• physical injury. 

Physical deterioration 

Examples of physical deterioration include: excessive 
ripeness; chilling injury; weight loss; and green-skinned 
ripe fruit caused by incorrect ripening temperatures 

Excessive ripeness. Overripe fruit is more susceptible 
to physical injllry and breakuown. To some extent, 
development of ripening can be slowed with correct 
temperature management. 

Chilling injury. Most tropical fruit arc sensitive to 
temperatures below 100e. Mango. cv Kensington, will 
suffer from chilling injury at temperatures below I3°C, 
although the development oj' chilling injury is timel 
temperature dependent. 

Weight loss. Weight loss is not a serious problem in 
mangoes unless extended periods are required between 



harvest and the consumer markd, i.e. greater than 7 
days. Other tropical fruits. Iychee and rambutan for 
example. arc extrcmcly sensitive to weight loss. 

In some parts of the USA. mango waxes arc being 
used to improve the storage lire uf the fruit. However. 
storage at the conee! temperature at humidities above 
9W1r· is recollllllended in ;\u\tralia if extended holding 
periods arc required. 

Incorrect rijJcning [Ctllj'<TUlUrcs. \1angoes will not 
skin colour correctly if they arc ripened at too high a 
temperature. although flesh colour is not significantly 
alTcctcd. 

For cv. Kcnsingt'lIl. best flavour development is when 
fruit are ripened at 27°C, while best external skin colour 
is best at 16°(, a c()mpromise of 20 21°(, is normally 
used. 

Disease devl'lopment 

The two major postharvest diseases of mang() arc 
anthracnose and stelll-end rot. Both infect the fruit on 
the tree. but do not generally develop until the fruit 
ripens. Regular field sprays ale necessary to reduce the 
level of inrection. Also, it is now standard practice in 
Australia to apply a postharvest dip of hot Benlate. 
either in the packing line or as a st:lmktlone operation to 
control both diseases. The treatment should be applied 
within 24 hours of han'Cst. 

Other disea'C's such as 'tramit rot' can be panly con
trolled through gn()(1 sanitation and by ensuring that the 
packing area is clean and free of decomposing m:lteriaL 
Aspergillus CllllllllOllly galils entry as a result uf poor 
conditions. 

Physical injur) 

Physical injuries include' '<Iphurn: hot vvater injury; 
lenticel spotting: abrasioll injury: illlpact injury: ane! 
pressure bruising. 

Sap hum. Sap burn call be controlled either chemi
cally or physically. ;\ I'; solutillil or hydrated lime. 
citric acid. nr sodium bicarbonate added to the wash 
water fllay help. Detergent washes arc also used to 
reduce injury caused by sap burn. An alternative is to 
harvest the fruit with the stem attached and then desap 
on a commercial desapper or flleshed rack. 

Hot Imter scald. This can he caused if either the tem
perature or dip time is exceeded. V,lricty's vary in their 
temperature tolerance. with :-.iang Klarng Wan being 
able to tolerate .'i:ioC ami "am Dok Mai 50-S2°e. In 
cOfllmercial d!p tanks. both ll'nlperature and dip time 
can be controlled. 

Lenriccl sj'()lIing. This can result if the fruit are held 
for extended periods in the wash water. 

Abrasion injury. Abrasi<lll injury fllay be caused by: 
fruit being brushed on ,Iirty l'quirlllcnt: too much 
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brushing; and/or vibratinl1 of mangoes during transport. 
To avoid scuffing of thl' fruit. the peking shed equip 
ment should be cleaned rc~ularly with "tnitisers. 

Excessive brushing fl'l p(llishing will show as grey 
brown ;m::lS on the dWl'ks of the fruit. Brushing should 
not be I('ngcr than :,0 seconds on soft brushes. Vibration 
daillage during trampert results when the fruit arc 
packed too loosely. P:\cks should be tight and slightly 
mcrpackeLl at the rack ing shed. 

IllIjJflc/ dW)fogc. A drop hl'ight of more than 300 nun 
will cause damage to unripe ami sprung fruit. Ripe fruit 
arc llluch more sensitive. Means of minimising impact 
damage include Illanual handling, pallet ising. and 
proper carton design. 

f'rcs.\ure dOlllage. Pressure damage can result if, for 
example. cartons collapse or arc overpacked. Unripe 
fruit can be handled in bulk bins. but sprung and ripe 
fruit will be damaged if packed more than tvvo fruit 
high. 

Cost Benefits of Mechanisation in Packing 
Shed Operations 

Gelwral 

Typic.·al packing sheel "perations IJsually include 
sOllle or al! '1fth" following: 
• ReceivaL checking. and unloading 
• Packaging, including \\ a\hin~, \\,:txing, trcatTllcnt 

with rungicide. grading. si/ing. packing 
Despatch, checking, loading 

• StOlage, fumigatioll. ripening. curling. degn~cning, 
cool ing, etc. 

Labour savings 

Dno/'I'ing. In Thailand. mangoes for export arc tra
ditionally channdlcd through middlemen who buy from 
a number or growers. In these cases, fruit arc nonllally 
delivered already desappl'd, this operation being done 
on-farm by the growers. Dcsappll1g in the packing shed 
is not always required. 

1l1e exception to this will be the larger. more profes
sional growers/coillpanie'; who arc able to export direl·!. 
These operators will have their nwn desapping proce
dures. 

Traditional methods "j cksapping require about 6- 7 
persons to handle GOO kg nf fruit per ]mllf. 1\ fl1L'chanical 
desapper can handle the same vvork \1, ith .' people. 

TIle financial savin)'s he're may not be signiricmt at 
present. However. it is possible that within a few vcars 
labour rates in Thailand could rise to Raht2()()!day 
(ljSSX) elr more. 

Of greater current importance is the unavailability of 
unskilled farm labour in Th;liland. The investment in 
industry in Thailand has absorbed Illuch of the labour. 



Farm owners are now faced with serious labour short
ages for both pre- and postharvest operations. This has 
resulted in losses as the grower has been unable to man
ually handle the harvest. 

New farms are now being designed with mechanisa
tion in mind whereas in the past, farm layouts were 
designed to allow maximum numbers of trees per unit 
area. 

Sorling/packing. Traditional methods of sorting the 
fruit are completely manual and are both slow and 
labour-intensive. 

A lack of uniform fruit size affects both speed of 
packing and final presentation of the packed cartons. 

With packers packing uniform fruit sizes to standard 
counts per carton, they need to concentrate only on fruit 
quality. 

The estimates in Table I indicate labour savings from 
mechanical packing of almost Baht 1 OOO/day. 

Table 1. Sorting and packing cost estimatesa 

Packhouse operation No. of labourers required 

Unloading 
Dcsapping 
Repacking 
Singulation 
Sizing 
Packing 
Cartons 
Loading 

Total 

Mechanised 
system 

2 
2 
0 
I 
0 
3 
I 
2 

II x SO 

a Assume labour costs of Baht 80JXVday 

Quality savings 

Manual 
system 

2 
S.6 
I 
0 
S.5 
4.3 
2 
3 

23.4 x 80 

Apart from the reduction in labour inputs, there are 
the additional benefits of quality improvement. This 
leads to increased returns and an improvement in grow
ers' profits. 

Postharvest losses can adversely affect the percent
age of marketable fruit. This is controllable with appli
cation of correct postharvest procedures. The benefits of 
postharvest treatment of mangoes have been well docu
mented. 

Because of the way in which fruit are purchased in 
Thailand - through some middleman sourcing from a 
number of growers - the application of some form of 
postharvest treatment is essential. The exporter under 
these circumstances has no control over the preharvest 
program. It is possible that under such buying condi
tions and without postharvest protection, losses could 
reach 50%. 
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Such potential losses are difficult to quantify, but 
assuming only a 20% loss because of postharvest dis
eases, the potential losses on say, the Hong Kong 
market, could be as given in Table 2. A 20% loss here 
would represent Baht 83 610.00. This is in addition to 
the loss in reputation and possible future orders. We 
believe that sea freight of Thai mangoes has not devel
oped as it should have because of previous cxpcriences 
with such losses. 

Table 2. Estimates of postharvest handling costs (Baht/kg) 

No treatment Treatment 

Fruit IS.OO 15.00 
Treatment 0.00 0.20 
Labour 0.4{) 0.1 X 
Carton (Baht 18.00/12 kg) 1.50 1.50 
Transport (local) 0.20 0.20 
Sea freight (US$4000IlSt) 6.80 6.80 
Documentation 0.33 0.33 
Sub-total 24.23 24.01 
Total plus margin 27.87 27.61 
Total value/container (Baht) 41 S 050.00 414150.00 

Estimates of the cost benefits of mechanised packing 
shed operations are given in Table 3. Note that these 
assume that refrigeration and packing costs are equal 
and that this example covers the sale of mangoes from 
the packer to the wholesaler. The example indicates 
that, for 10000 trays of mangoes, the difference in 
returns could be as high as $A US39 120.00. This could 
be achieved by the installation of a treatment and grad
ing system costing approximately $AUS50 000.00. 

Table 3. The cost-~benefit of mechanising average-size 
(10 (lOO trays) mango packing houses in Australia. 

Treated Untreated 

Trays dispatched 10000.00 10000.00 
Wastage en route 2% ~ 200.00 i 0% ~ 1000.00 
Trays saleable 9S00.00 90(X).OO 
Wastage during sale 5% ~ 490.00 2mc ~ 1800.00 
period 
Total trays sold 9310.00 7200.00 
A verage price per tray $AUSi2.00 SA US8.00 
Total value 111720.00 57600.00 
A verage cost of IS 000.00 O.fX) 
treatment/tray ~ $I.SO 
Nett value 96 no.oo 57600.00 

Source: George and Courtier Ply Ltd. unpubli\hl'd data. 

The treatment is so dramatic in effect that, whereas 
only 25'10 of the untreated line may be saleable 10 days 
after picking, at least 85% of the treated fruit will still be 
saleable. It is only in recent years that the growers in 
Australia have realised the benefits of correct posthar-



vest treatment, either through their own facilities or 
those of others. 

Other Advantages 

There are other advantages of mechanical handling sys
tems on which accurate costs cannot be easily calcu
lated. TIlese are listed in Table 4. 

Table 4. Miscellaneous advantages of mechanical fruit 
handling systems 

Operation 

Handling 

Treatment 

Cooling/ 
brushing 

Sizing 

Packing 

Space 

Mechanised system 

Manually handled 
twice, desapping and 
packing. 

Dcsappcd without 
contacting the floor. 
Water sprays remove 
dirt, dust. leaves etc. 
Hot water treatment 
possible in line. 

Manual system 

Manually handled 
at least 5 times. 

Desapping done at 
ground level. 
encouraging disease 
Normally no hot 
water treatment 
carried out. 

Fruit arc brushed for Fruit skin is not 
improved presentation. cleaned. 

Accurate over the 
whole day's 
production. 

Variable between 
worker and time of 
day. 

Faster, more uniform Packing slow and 
pack. Machine sets the regulated by the 
pace. worker or 

supervisor. 

Requires less space. 

Supervision Supervision of staff 
easier as there are fewer 
of them. 

Labour Fewer staff required. 
availability 

Quality Postharvest treatment 
ensures less post
harvest disease. 

No control over 
disease 
development. 
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Another Example 

Pomelo 

A leading pamela exporter annually exports about 
500000 pieces of fruit per year. Traditionally these were 
waxed by hand, requiring a workforce of about 70. With 
a mechanised wash/wax/dry system designed for 
pomelo, his staff requirements were reduced to about 25 
workers. 

Also, hand waxing had caused problems with anaero
bic respiration leading to bitter off-flavour development. 
With a mechanical system, wax application is accurately 
controlled, preventing such problems. Wax consump
tion is also reduced by up to 50%. 

In addition, the fruit are washed to remove dust and 
chemical residues, further improving the appearance of 
the commodity after it has been waxed. 

Conclusion 

It is relevant to note that the local market is now 
demanding that citrus, including lower grade fruit from 
northern Thailand, be waxed. As the middle class in 
Bangkok demands fruit that looks better and lasts 
longer, pressure will be put on growers and packers to 
invest in equipment that delivers the required product. 
As noted this is already beginning to happen with 
citrus. 

Thai packers and exporters are turning more to post
harvest systems to: 
• reduce labour in the packing shed; 
• improve quality for both local and export markets; 
• increase volume of exports; and 
• increase demand of their produet. 



Fruit Handling Systems in Developing Countries 

Ma. Concepcion C. Lizada* 

Abstract 

Most developing countries arc in the tropics where fruit handling systems require measures to ameliorate or 

eliminate the adverse effects of high temperatures and relative humidities. In most cases. appropriate systems 

have been developed for ex port fru its. rather than fmit intended for domestic consumption. Environmental factors 
and the lack of appropriate support systems make the local marketing orfruit in developing countries a high~risk 
enterprise. The fruit handling systems and marketing arrangements in developing countries have cvoh'ed in a 

manner that takes these factors into considnation. 
Experience in research and development work on fruit handling systems in the Philippines has clearly under~ 

lined the role that simple technological innovations. such as those designed li)r heat dissipation. reduction of 

physical injury. or disease control. can play in rcducing risks. This paper illustrates this ohservation hy descrihing 
work on the handling systems for mangoes. hananas. and papaya in the Philippines. 

THE development of appropriate handling systems for 
fruit, or any produce for that matter. requires familiarity 
with the nature llfthe product and its interaction with the 
postharvest environment. This is illustrated by thc trian~ 
gle of postharvest interactions (Fig. I), which deter~ 
mines the technical feasibility of a postharvcst 
technology or a handling system. The commodity, 
whose postharvest behaviour and quality are detennined 
by its genetic characteristics and physiological status. 
constitutes the base of this interaction. Inherent quality 
at harvest is defined by preharvest factors. These include 
environmental factors such as temperature. relative 
humidity, water potential, and light. as well as cultural 
and pest management practices. However. the ultimate 
quality is the end~result of the interactions of the com~ 
modity with the postharvest environment. Handling 
systems might have a direct elTect on the fruit. These 
might be satisfactory, but might also favour the prolife~ 
ration or survival of postharvest pests and pathogens. 
Conversely. a treatment that might guarantec fruit dis~ 
infestation may also render the fruit unmarketable. 

Many developing countries arc ill tropical regions. 
where the product might be exposed to elevated tem~ 
peratures, which accelerate fruit deterioration through 
the enhancement of normal physiological processes 
such as respiration and ethylene production and action. 

* Postharvest Horticulture Training and Rcsl,arch Centrc. 
University of the Philippincs at Los Banos. College. 
Laguna. Philippines. 
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Moreover. relatively high temperatures in the field 
during fruit development or in the handling route can 
render the tropical fruit more susceptible to chilling 
injury and other disorders. The combination of high 
temperature and relative humidity favours the growth of 
postharvest pathogens and, therefore, the development 
of rots during handling. The tropical environmcnt is also 
favourable to the survival of insect pests, some of which 
are of quarantinc significance and may infest the fruit in 
the field or after harvest. These factors have to be given 
due consideration in developing fruit handling systems 
in tropical countries. 

Physlco~ 

chemical 
environment 

Genetic characteristics, 
physiological status 

Figure I. rhe triangle of postharvest interactions (modified 
after 1\:('lson. Cnivcrsit) of California at Davis. 
unpublished data 



Superimposed UpUJI the requircTllcJlt of technical fea
sibility are those related to econllmic viability and 
acceptability, giveJl the existing situation in the handling 
mute. Thus, in the development of appropriate systems 
the following questions have to be considered: (a) Docs 
the handling system work, i.e. docs it meet the objective 
or extending shelf life, reducing disease, or effectively 
disinfesting the fruit without adversely affecting qual·· 
ity'! (bl Docs it pay, i.e. is the added cost of a treatment 
offset by the benefits gained? and (e) Is it acceptable" 
Such considerations necessitate an integrated view of 
handling requirements. which constitute only part of the 
production-marketll1g continuuIll (Fig. 2). whether in a 
developed or developing c(\untry situatioll. Very fre
quently in developing countries. however. the support 
systems needed, e,g. farll1-to-ll1arket mads, facilities for 
the maintenance of the cool chain and cOJlllllunications. 
extension services. credit. and appropriate policies arc 
inadequate or might not even be in place. Moreover, the 
nature and scale of production and trading iJl developing 
countries render horticultural marketing a risky enter
prise. 

The variety of handling systems for horticultural pro
duce and other perishables that have evolved in devel
oping countries highlight the market-defined nature of 
their development. In the Philippines, for example, both 

the production and hand I ing systellls for major horticul
tural fruits vary, depending on the target market, which 
might be categorised into export. local higher class, and 
traditional domestic markets (Table I). Typically. the 
handling systems for export fruits are well developed 
and organised relative to those for fruits intended for 
local markets. Preharvest care and the whole range of 
postharvest operations needed to meet the quality 
requirements of the importing country all entail added 
costs. which are, however, offset by the income derived 
from export fruits. 

Table l. Types of markets I(lr somc major tropical fruits in 
the Philippincs. 

Fruit Markets 

Banana Export markds (Japan, liong Kong. the Middle 
East. Nl'W Zealand. Singapore. Korea) 
llighcr class markets. e.g. supermarkets and 
mar~l'ts catering primarily to tourists 
Typical wet markets 

Mango Export markets (Japan, Hong Kong. Singapore. 
Australia, E.C.) 
Local markets 

Papaya Export market (Hong Kong) 
Local markets 
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The domestic marketing of tropical fruits in devciop
ing countries is more problematic. The inherent perish
ability of the product, and technical and extra-technical 
inetTieiencie, in the handl ing route. on the one hand, and 
the relatively low capacity ot most domestic consumers 
to pay as well as the highly elastic demand for these 
fruits, on the other, render the domestic markeling of 
tropical fruits in developing countries a high-risk enter
prise. Forexamplc. many fruit growers and traders in the 
Philippines dread the summer months, when a widc 
variely of fruits is available in the local marh'! am! 
losses attributed to high temperature increase. 

The seemingly manipulative practices of traders frc
quently serve as a hedge against the risks involved in 
marketing these commodities. Quality is usually sacri
ficed in the traders' deliberate attempt to cut costs. This 
is exemplified by the traders' practice of requiring the 
overpacking of fruits in crates or bamboo baskets, while 
paying only for the volume corresponding to the norma! 
capacity of the container. Not only is this pr'Ktice 
intended to reduce packaging C<lsts. it is perceived as a 
means to compensate for losses which can neither be 
completely avoided, nor compensated for by raising 
consumer prices. The trader usually makes up for such 
losses by directly or indirectly depressing famlgate 
prices. with the producer gctting less for his product. 
This. in turn. depresses any incentive for the fannCf to 
improve pmduction practices to enhance the inherent 
quality of his fruits. 

Banana Handling Systems in the 
Philippines - a Typical Example 

The postharvest handling systems for banana in the Phi
lippines typify the above situation. Export bananas con
sist mainly of Cavendish types, which constitute about 
98~~, of the bananas exported to Japan. The other mar
kets include Hong Kong, Singapore, and the Middle 
East. Some of the rejects from export arc shipped to 
Manila, although the principle cultivars sold in local 
markets consist of 'Baba', 'Lakatan', and 'Latundan'. 
The combined volume of the cultivars intended for 
domestic consumption constitutes approximately 7<)(,:; 
of the total production (Valrnayor et al. 1990). 

Systems for bananas intended for export or sale in 
higher class markets 

The production and marketing system for Cavendish 
bananas for export is an integrated and well-coordinated 
system. Bananas are grown in large plantations where 
standard pract ices starting from land preparation to pest 
and cultural managemcnt are observed. Both field sani
tation and aerial spraying are employed to control pests 
and diseases. Thc plants are propped with bamboo and 
recommended fertilisation rates are followed. Develop-
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ing bunches arc protected by bagging and tagged to 
facilitate identification of fruit scheduled for harvesting. 

Harvcsting usually involves two workers, with one 
severing the bunch and the other suppmting it. In most 
plantations the bunches are clll1\'eyed from the field to 
the packinghouse by a system of c:abkways designed to 
avoid damage during hauling. Thruugh all the packing
house operations, care is takcn to protcct the fruit from 
injury which might result ill blemished fruit. Standard 
procedures for determining calibration size and visual 
quality arc followed before deblossoming. dehanding. 
and washing. Defective, under- and over-sized hands arc 
culled and the acceptable fruit weighed. subjected to 
fungicide treatment. labelled and packed in 12.5-, 13- or 
18-kg capacity fibreboard cartons lined with pcrforated 
polycthylene film to avoid 'box burns'. These cartons 
arc of sufficient mechanical strength to withstand sub
sequent handling, stacking. and wetting during ripening. 
The cartons arc loaded into ships and transported at the 
recommendcd temperature of 12.5°(', The outcome is 
high quality fruit which meets the standard requirements 
of consumers in the export market. 

SOl11e of the reject Cavendish bananas arc sea-shipped 
over a period of 3-4 days from Davao to Manila. These 
arc bulk-loaded in non-refrigerated but ventilated rive
or ten-footer vans. The fruit might also be packed in 
wooden crates or even fibreboard cartons. 

'Lakatan' grown in the Davao area goes through a 
similar handling route; however. the operations for 
ripening in Manila differ. Although one trader ripens 
'Lakatan' with ethylene at controlled temperature, most 
fruit of this cultivar is allowed to ripen with or without 
carbide at non-refrigerated temperatures, as full colora
tion is achieved even at ambient temperatures. Most 
'Lakatan' bananas arc retailed in traditional outlets, with 
a smaller proportion going to superJ11arkets and highcr 
class fruit stalls. In contrast, most reject Cavendish 
bananas arc retailed in higher class markets, which 
require that the fruits be ripened at controlled tempera
tures with the use of ethylene gas. A small proportion is 
allowed to ripen at ambient temperatures and is sold 
mainly in traditional wet markets. A small volume of 
'Latundan' bananas is produced in Davao, employing 
cultural management techniques approximately those 
for Cavendish. This cultivar, which is more perishable, 
is airrlown to Manila and sold in higher class outlets. 

Systems for bananas intended for traditional wet 
markets 

In contrast to fruits grown for export or for higher 
class markets in Manila, bananas intended for most wet 
markets arc principally produced in backyard farms or 
obtained from perimeter plantings scattered over wide 
areas. Little care is provided other than the removal of 
dry leaves. No effort is exerted to ensure that the fruits 



harvested are of sufficient maturity, with most producers 
relying simply on finger size. Harvesting is usually a 
one-man operation, frequently resulting in some damage 
to the bunch. De-handing is sometimes done in the field. 
with both the bunch and the hands often corning into 
contact with the soil. The scale of production necessi
tates the consolidation of fruit from different farms, col
lected over a period of 1-2 days. Fruits are hauled from 
the field to the collection area on horseback. carabao
drawn carts, or even tricycles. 

Although bananas can be grown almost anywhere in 
the Philippines, the Manila market depends on the island 
of Mindanao for a consistent supply of the fruit. as this 
island is outside the typhoon belt. Most bananas come 
from seattered farms in the Davao and Agusan prov
inces. 

Fruits assembled from small famls in Agusan are 
transported in ten-wheeler trucks. jeepneys or trailers to 
the port. where they arc bulk-loaded into ten-footer 
conventional (non-ventilated) container vans, following 
a pattern of loading which approximates a tight pack ami 
is believed to minimise vibration in transit. Transport 
time is 3 days. Consignees in Manila take over the ship
ment upon arrival. Stripping is usually done soon after 
arrival, with several wholesalers buying the volume they 
require from the same load. The wholesalers also haul 
the fruits from the van to waiting jeepneys and transport 
them to wholesalers or retail markcts. 

Problems encountered 

Various problems arise from technical and extra
tcchnical inefficiencies in the handling route for bananas 
intended for the local market. Due to the nature and scale 
of production of these fruits. the inherent quality is usu
ally inferior. As most farmers are hardly in a position to 
undertake the marketing of their fruits and have to rely 
on traders, they are usually not aware that lack of pre
harvest care and appropriate cultural management result 
in losses as the fruit goes through the handling route. 
This lack of awareness compounds the effect of low 
famlgate prices on the farmer's willingness to provide 
pre-harvest care to the developing fruit. 

Fruits in a single shipment are invariably of mixed 
maturities and a wide range of expected green life. It is 
not surprising, therefore, that some fruits ripen prema
turely in transit. 

Careless handling throughout the marketing route 
ref1ects the lack of awareness of the need to protect fruits 
against injury. During a forum. members of the Confed
eration of Shipowners and Operators (CISO) insisted 
that bulk-loading of bananas cannot inflict damage even 
to the bottom fruits as these are hard and resistant to 
injury. Although ship operators and traders are con
scious of the effects of injury on visual quality, they do 
not associate the reduction of green life of a whole load 
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with injury and are unaware of the nature of stress ethy
lene production. Handlers at the port usually stand, sit, 
or even walk on the fruits during loading. 

Traders and ship operators are only too aware of the 
consequent reduction in shelf life with high tempera
tures. However, loading areas in the ports have no pro
visions for shading the fruits to be loaded or the filled 
container vans, which are left out in the sun while 
awaiting loading into the ship's hold. 

Injury, high temperatures, over-mature or ripening 
fruits, and the type of container van used have led to 
losses arising from the 'green-sort' disorder. When this 
disorder occurs. a large proportion of fruits in a van 
becomes feOllented and, in many instances, is rendered 
unfit for human consumption. This condition is referred 
to by traders as /aga (literally translated as 'boiled'). A 
portion of the shipment might ripen normally, but has to 
be disposed of immediately. Many wholesalers and 
retailers simply refuse to buy from such loads, unless 
bananas are in short supply. 

Besides the physical problems existing in this han
dling system, shippers have to contend with such risks as 
being 'shut-out', i.e. their loaded container van not pro
vided space on the ship's hold. or arrival delayed due to 
unforeseen breakdown of the vessel. 

Innovations to alleviate the problems 

Through the years, banana traders and shippers have 
introduced innovations designed to cushion the effects 
of a system fraught with inefficiencies and barely fit for 
handling most perishable crops. For example, a pattern 
for piling fruits up in the van has been developed to 
minimise movement (Fig. 3). This is reminiscent of the 
system employed in wholesale markets in Thailand. 
where bananas arc ripened in piles with carbide. 

Having to use the container van type currently availa
ble in Nasipit or Cagayan de Oro, shippers have resorted 
to opening the doors during transit to help dissipate heat 
and provide some ventilation. To discourage pilferage 
the open end of the load is covered with bamboo slats. 
More recently. large bamboo crates (Fig. 4), which have 
the same capacity as ten-foot containers, have been 
allowed by some shipping lines. As many of these crates 
could not withstand the rigours of handling during the 
return trip to Mindanao, one shipping line constructed 
steel banana crates patterned largely after the bamboo 
crates (Fig. 5). Both the bamboo and steel crates are lined 
with banana stalks to cushion to minimise abrasion. 

Despite all these innovations, losses of about 30% are 
not unusual. Occasionally, entire shipments are lost. 

Potential for postharvest interventions 

Considering the scale of operations of banana trading, 
the conditions that fruits are subjected to, and the risks 



Figure 3. Pattern of stacking bananas bulk-loaded in container vans. side view (left) and top view (right). The right-hand 
photograph was taken during emptying of the van in Manila: the stacking pattern is most Clearly seen in the le ft-most 
stack of fruit. 

Figure 4. Bamboo crates used for shipment of bananas 

encountered in the present handling system, shippers and 
traders are understandably reluctant to adopt new tech
nologies that add to marketing costs. Our experience at 
the Postharvest Horticulture Training and Research 
Centre (PHTRC) at the University of the Philippines at 
Los Banos, in implementing the project 'Postharvest 
Technology for Bananas' sponsored by the International 
Development Research Centre (IORC) of Canada, 
pointed to several possibilities for intervention. 
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Figure 5. Steel crates used for shipment of bananas 

The first consisted in addressing, through seminars 
and discussion, the lack of awareness of the requ ire
ments for handling perishable crops. After we had 
emphasised the need for ventilation and presented the 
design of a ventilated van to the representatives of eISO 
present at a forum, one shipping line had a number of 
ventilated vans built. More of such vans have since been 
constructed and demand for them is high among the 
banana shippers of Davao. 



The potential for introducing technological innova
tions exists , as long as the requirements for appropriate 
technologies are met. In the lORe project, we attempted 
to apply the modified atmosphere (MA) technology 
which is known to effectively delay ripening in bananas 
in cartons or crates. This consists of enclosing the fruits 
in a plastic bag such that there is limited exchange of air, 
leading to a reduction in oxygen levels. Our initial 
attempts involved closing the doors of the vans during 
shipment and providing sachets of adsorbents to lower 
the ethylene levels in the load. This treatment led to a 
high incidence of the 'green-soft' disorder, although one 
wholesaler had the impression that the incidence was 
low relative to their usual experience with closed vans. 
This highlighted the difficulty of utilising the usual MA 
system, since some fruits in the load had actually begun 
to ripen and produce ethylene. Ethylene in combination 
with low oxygen is known to induce the 'green-soft' 
disorder. This led us to evaluate the effect of ethylene 
adsorbents in vans shipped with the doors open. A series 
of trials demonstrated a significant reduction in ripe 
fruits upon arrival in Manila. Shippers have expressed 
interest in using the adsorbents . 

The participation of shippers and traders in our trials 
proved invaluable. These practitioners provided us with 
insights gathered over years in the business. Moreover, 
they themselves were able to innovate by simply 
watching us set up the trials, then modifying some of 
the ideas we shared with them. This is illustrated by our 
attempt to reduce compression damage by providing a 
horizontal rack. In a number of trials we provided a 
horizontal rack running the entire length of the van , but 
covering only half its width (Fig. 6). This was done so 
that the unracked portion could serve as the control. 

Figure 6. Selling up a trial to evaluate the use of horizontal 
racks. A horizontal rack running the length of the 
right-hand half of the van was used. 
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This set-up also required a vertical divider. A spinoff 
from these trials was unexpected. Although the hori
zontal racks reduced compression damage, the shippers 
thought they were too expensive to construct. However, 
they picked up the idea of providing vertical dividers 
(Fig. 7), which were cheaper to construct and actually 
reduced the proportion of ripe fruits. The vertical 
dividers reduced the bulk and allowed for the dissipa
tion of heat. Most banana shippers now use these verti
cal d iv iders. 

Conclusion 

Although numerous problems are encountered in the 
marketing of horticultural perishables in developing 
countries, there are opportunities for interventions 
which reduce losses and can enhance the income derived 
from horticultural enterprises. While well-managed 
systems exist, these are geared primarily for export , and 
might not be appropriate for the domestic market. 

Research and development efforts aimed at improv
ing domestic marketing systems for horticultural pro
duce in developing countries require an approach that 
allows participation by the potential users of the tech
nology. In turn, this requires an approach where the 
postharvest specialist is both a researcher and an exten
sion agent. Alternatively, the extension worker might be 
involved from conceptualisation, through implementa
tion, and in infornlation dissemination and technology 
transfer. In contrast to the usually linear flow of infor
mation or interaction among the researcher, extension 
worker, and target clientele, such an approach requires 
an interaction among these players from conceptualisa
tion to technology transfer (Fig. 8). 

Figure 7. Typical vertical divider now routinely used in bulk 
shipments of bananas 



End user 

J;'igurc 8. Scheme for participatory R&D in postharvest 
horticulture 
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Impact and Vibration Damage to Fruit 
during Handling and Transportation 

D.J. Hilton* 

Abstract 

Export markets and, to a lesser extent, home markets are increasingly demanding [mit of consistent high quality, 
To achieve the required standards, quality managcmcnt at all stages of production and distribulion is becoming 
very important. Mechanical damage, which can occur during harvesting, packinghouse operations, handling, and 
transport, represents a serious hazard to quality and has the potential to reduce significantly the value of the 
product. It is therefore important to be aware of the mechanical impact and vibration environment to which fruit 
is exposed at every stage, It is also necessary to determine quantitatively the damage susceptibility of fmit at 
various stages of ripeness, and under the time/temperature regimes encountered between harvest and when the 
fruit appears on the relail counter. Designing a tOlal quality management (TQM) system for optimum results 
requires knowledge of all these factors, while implementation ideally requires an integrated approach involving 
all parties in the production-<listribution chain. The paper reviews research relating to impact and vibration 
damage, and outlines how this knowledge can assist with optimum design and selection of packaging, stacking 
patterns, handling procedures, etc. and make other contributions to a TQM system. Suggestions are made 
regarding priority areas for future study and research, 

As growers, distributors, and exporters of tropical fruit 
seek to expand their activities, they encounter markets 
which increasingly demand quality and consistency, 
While it is fairly common to find markcts over-supplied 
with low quality fruit, it is the fruit of consistent, high 
quality which will tend to be sought and which fre
quently (though not always) attracts the price premium. 
Achieving high quality on a consistent basis is thcrefore 
an important goa\. To do this, it is necessary, as far as 
possible, to maintain control of all processes involved in 
production, handling, and distribution. Total quality 
management (TQM), a concept well-recognised in 
engineering production, is now fast becoming the 
catch-phrasc in horticultural production, as a means of 
guarantccing the required quality and product consis
tency. It involves monitoring and product sampling at all 
stages of production, harvest and postharvest opera
tions, handling, and transport, 

Poor handling, inadequate packaging, bad stacking, 
poor road surfaces, and bad driving practice on the part 
of truck and forklift operators arc responsible for most 
of the mcchanical damage which we see in fruit at thc 
market. Handling damage can occur during the follow
ing stages, 

* National Centre for Engineering in Agriculture, Faculty of 
Engineering and Surveying, University of Southern Queens
land, Toowoomba, Queensland 4350, Australia. 
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1, Picking 
2. Placing into collection bags, baskets, boxes, or 

bins 
3. Transport to the packinghouse 
4. Unloading at the packinghouse 
5, Cleaning, grading, sorting, ripening, and packing 
6, Movcmcnt into coldstore 
7, Loading onto transport 
8, Transport to wholesale market or port 
9. OtT-loading 

10. Handling at wholesale market or port 
11, Loading onto secondary transport 
12. Secondary transport 
13, Off-loading at the retail outlet 
14. Handling of packages by retailer 
15. Handling of individual fruits at the counter dis

play 
16. Customer handling. 

lbe consequences of poor handling practices obvi
ously vary greatly from fruit to fruit. The fruit's suscep
tibility to damage when exposed to impact and vibration 
usually varies with time, increasing as the fruit becomes 
riper and softcr. Some types of fruit (e,g, bananas) are 
susceptible to damage when unripe, but may not show 
the full evidence of that damage until ripe. With some 
fruits, the damage has the effect of spoiling the appear
ance, while not affecting the texture or taste, while with 



others textural damage occurs without obviously affect
ing the fruit's cosmetic appearancc. 

Not only do the consequences of poor handling prac
tices vary from fruit to fruit, but it seems also that on 
some markets the purchaser's tolerance of external 
damage (where this damage does not affect internal 
quality) also varies from fruit to fruit. On export markets 
generally, however, cosmetic appearance is of vital 
importance right across the spectrum of products. 

Engineering Aspects of the Damage 
Problem 

In order to understand the causes and mechanisms of 
impact and vibration damage, it is necessary to study the 
following aspects (Fig. I): 
A. The source, magnitude, and nature of the impact or 

vibration input, for example: 
• single fruit impacting against single fruit, yielding 

surface, or unyielding surface. 
• single fruit subjected to compression with vibra

tion, rubbing, etc. 
• fruit container subjected to drop impact or side 

impact, tipping, etc. 
• fruit container subjected to transport vibration. 
• vibration response of transport vehicle to road sur

face, and dynamics of payload. 
B. The influence of the packaging material and the con

tainer itself, for example: 
• cushioning and damping properties of packaging 

material 

I IndiVidual fruit I 

• 
't' 

I Cushioning 
I material 

• 
't' 

I Adjacent fruit I 

• 

BOxJc~on bin 

y 

Road profile 

Figure 1. Diagram showing li'uil-packaging-vehicle interac
tions. 

117 

• dynamic response of the box or carton itself (espe-
cially the base) 

• dynamics of a stack of boxes or cartons 
• friction between the fruit and the container 
• friction between wrapping material and the con

tainer. 
C. The influenee of individual fruit and neighbouring 

fruit in modifying the impact or vibration input, for 
example: 
• cushioning effect of neighbouring fruit. 
• interaction between dynamics of fruit and packag

ing material. 
D. The susceptibility of the fruit to damage, as a func

tion of maturity, ambient tcmpcrature, previous eold 
storage time, storage temperature and atmosphere, 
etc. 

To gain from such an understanding, it is then neces
sary to determine what the commercial cost of such 
damage is, and the cost and feasibility of putting into 
place measures to reduce damage to a certain target 
level. 

Research into Impact and Vibration 
Damage 

Most of the research into impact and vibration damage 
has been done not with tropical fruits, but with temper
ate fruits, principally pome fruits (mostly apples) and 
stone fruits (mostly peaches). A number of researchers 
have sought to quantify the damage problem in the 
commercial context. O'Brien et a!. (1960, 1963, 1965, 
1969) reported that in the case of loads of cling peaches, 
a particular road journey of 260 km produced significant 
damage in 4()</[, of the fruit. They attributed between 
one-half and two-thirds of the transportation damage to 
the effects of vibration. Burton et al. (1989) studied 
bruising of apples resulting from picking and hauling 
operations. Schulte-Pason et a!. (1990a) also examined 
apple damage occurring during interstate transportation. 
In this investigation, they used an instrumented sphere 
to record the magnitude, duration, and time of dynamic 
impacts. Armstrong et al. (1992) studied the damage 
caused in the transport of apples in bulk bins. Damage to 
fruit on apple packing lines has been studied by Brown 
et al.( 1989) and Sarig et a!. (1992), while Sargent et al. 
(1992) analysed impacts on tomato and bell pepper 
(Capsicum annum L.) packing lines. In their investiga
tions, these researchers again used an instrumented 
sphere which passed through the packing line with the 
fruit. Brown et al. (1990) then describe ways of reducing 
impacts on apples in packing lines. Very little published 
work of a quantitative nature exists on damage incurred 
in picking operations or at the retail stage, though refer
ence is made to the problem by Bardaie and Hitam 
(1979) and Suraphong (1983). Kunze et a!. (1975) 
investigated bruising characteristics of peaches related 



to mechanical harvesting, but little appears to have been 
done on damage arising from hand picking. 

Laboratory studies into the suseeptibility of fruit to 
impact loads have been earried out by a number of 
researchers in an attempt to determine an appropriate 
model by which bruise size can be predicted for a given 
impact (again mostly with apples). Set force conditions 
were mechanically applied or the fruit given a free fall 
onto selected surfaces (Garcia and Ru iz 1988; Brusewitz 
and Bartsch 1989; Schulte-Pason et a!. 1990b; Hilton, 
unpublished data). The magnitude of impact loads is 
illustrated in Figure 2, which shows a force/time plot 
resulting from dropping an apple onto three different 
surfaces from a height of only 200 mm (Hilton, unpub
lished data). In the absence of packaging material, the 
peak force reached in the impact is equivalent to 250 
times the apple's own weight. Schoorl and Holt (1974) 
studied the bruising caused by dropping wooden cases 
of apples and tray-packed cartons of apples from various 
heights onto a hard surface. Holt and Schoorl (1977) 
impacted the surface of an apple with a projectile and 
determined the energy absorbed in the impact. From 
these results they proposed a model in which bruise 
volume is related to the absorbed energy. Later they 
used this relationship in an attempt to predict the effects 
of truck suspension and road profile on bruising (Holt 
and Schoorl 1985). Holt et a!. (1981) also studied the 
impact behaviour of columns of apples. Nelson and 
Mohsenin (1968) studied the effect of temperature on 
bruise susceptibility and postulated maximum allowable 
static and dynamic loads. Schulte et a!. (1992) also 
studied apple bruising thresholds. Schoorl and Holt 

250 

Steel 

200 

(1978) and Brusewitz and Bartsch (1989) have studied 
the effect of storage time and temperature on bruise 
susceptibility, while Kline (1987) and Brusewitz et a!. 
(1992) looked also at the relationship between bruise 
susceptibility and harvest date. Pang et a!. (1992) exam
ined bruising damage in apple-to-apple impact. In work 
on papaya, Kumar and Wang (1971) investigated the 
effect of sinusoidal loading in the 0.25--0.7 Hz fre
quency range, while Hilton (unpublished data) investi
gated papaya impact loading. 

The techniques for analysing stress in engineering 
materials when subjected to complex loading situations 
is well developed, and engineers and material scientists 
have attempted to apply the various rheological theories 
of stress/strain behaviour and material failure to fruit 
tissue, treating it as an elastic, elasto-plastic, or viscoe
lastic material (Miles and Rehkugler 1973; Mohsenin 
1977; Diehl and Hamann 1979; Holt and Schoorl 1982). 
Hamann (1970) and Peleg (1984) produced mathemati
cal models for deformation mechanisms using a relaxa
tion modulus, the latter extending the Hertzian contact 
problem to non-linear viscoelastic spheres. Gan-Mor 
and Galili (1987) used upper and lower bound theorems 
of plasticity, suitably modified to include dynamic 
effects. In experiments on apple impacts, Siyami et a!. 
(1988) explored a number of models employing Hert
zian theory, adjusted Hertzian theory, plastic theory, and 
multiple linear regression analysis. In the experiments, 
apples were dropped-tested from three different heights 
onto surfaces representative of steel and wood (2 and 6 
m sec impact duration, respectively). The results indi
cated relatively poor correlation between measured 
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Figure 2. Impulsive force/time plot for apple dropped from 200 mm height onto hard and cushioned surfaces. 
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bruise diameter and that predicted from Hertzian contact 
stress theory or plastic theory, and the researchers con
clLlded that the best model for predicting bruise diameter 
was to be found in a step-wise multiple linear regression 
analysis based on apple diameter. apple weight, resis
tance to an indentor probe (Magness-Taylor force), 
maximum acceleration, and total velocity change during 
impact as the independent variables, Srivastava et al. 
(1992) predicted bruising using a model derived from 
dimensional analysis, 

1l1e actual mechanism of failure in the bruising of 
fruit flesh has been discussed by a number of research
ers, Holt and SchoOfI (1977), Diehl et al. (1979), Pitt 
(1982), and Pitt and Chen (1983) considered the failure 
of fruit tissue under compressIOn as a conse4uence of the 
propagation of cell wall ruptures, breaking of intercel
lular bonds, or cell deflation as a result of loss of cell 
fluid. In order to model these mechanisms, rather than 
treating the material as a continuum, Pitt (1982), Pitt and 
Chen ( 1983) and Pitt and Davis (1983) took their analy
sis down to a cellular level. They studied cellmechani
cal response to external load. modelling the fruit tissue 
as a cohesion of cells. A different approach was adopted 
by Roudot et al. (199 I ) who looked at the hchav iour of 
apple Ilesh at the cellular level using imaging tech
ni4ues, and based their model on the influence of maxi
mum cell stress before collapsing, taking into account 
the clTect of cell spatial distribution on mechanical 
properties. 

Kelvin model Maxwell model 

Figure 3. Dynamic Iwo-element models of the Kelvin and 
Maxwell type. 
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While the latter approaches might ultimately yield the 
most rigorous method for predicting damage, other 
researchers have taken a more pragmatic approach of 
measuring impact behaviour of the whole fruit, and fit
ting this to one of a number of models, such as a Kelvin 
or Maxwell model (Fig. 3). These models are then used 
to represent the viscoelastic behaviour of a whole fruit 
during an impact. Lichtensteiger et al. ( 1988a,b) found 
that irnpact of tomatoes can be represented by a Kelvin 
model, and Hilton (unpublished data) found that a 
Kelvin model can also be used to describe the impact 
behaviour of apples against a hard surface. 

As far as work on vibration damage is concerncd, 
some of the most significant is still the early work of 
O'Brien et al. (1963) into transportation damage of fruit 
carried in bulk bins. They took acceleration and damage 
measurements with various depths of fruit, and observed 
an apparent resonant fre4uency which varied with thc 
depth of the bed. They used a model of vibration beha
viour represented by a single column of fruit excited at 
the base, the model predicting the frequency of the fun
damental as: 

J;, r I! 4<1][ vi (I:g/p) I 

where .I;, 
d 
1: 

natural frequency (Hz) 
depth of fruit colullln (Ill) 
clastic modulus (Pa) 

g 
I) 

acceleration due to gravitv (9.81 m/se(2) 

fruit density (kg/Ill') . 

Despite the simplistic form of the modeL it was found 
to predict the natural frequency to a reasonable degree 
of accuracy. Table I shows the natural frequencies for 
four different fruits at depths of 300 and 600 mm 
(obtained by interpolation)o The experiments of O'Brien 
et al. (1965) showed that with a bed of fruit 600 mm or 
Illore in depth, it was easy to excite resonance at fre
quencies in the sallle range as those encountered with 
transport vehicles. figure 4 shows a typical road trans
port vehicle vibration spectrum, indicating significant 
levels of vibration in the range 3-25 Hz. Walker et ai. 
(1978) vibrated single apples on a laboratory vibrating 
t~lble at frequencies within the range 7 22 Hz. Provided 

Table I. Nalural frequencies (/lz) of four fruils at 300 and 
600 mm hed depths (by interpolation of curves 
taken from O'Brien et al. 19(5) 

Fruit Deplh (mm) 

Tomatoes 
Apricots 
CI ing peaches 
Pears 

3(X) 

16 
27 

54 

600 

9 
IJ 
20 
28 



the apples remained in contact with the table at all times. 
the vibration damage was confined to within 3 mm of 
the surface. When the vibration level was sufficient to 
cause loss of contact. the apple bounced against the 
table. resulting in damage from repeated impacts and 
giving rise to larger and deeper bruises more typical of 
impact bru ising. 
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Figure 4. Typical peak acceleration spectrum for mad truck. 

McLaughlin and Pitt (19X4) carried out a more 
detailed investigation into cyclic compression loading 
of apples and concluded that cycl ic loads of magnitudc 
insufficient to cause initial failure still eventually 
caused tissue failure. They also found that significant 
irreversible deformation accrued in the first few load 
cycles. even without cell wall rupture. Kimmel et al. 
(1992) investigated the natural vibration modes of 
oranges and apples subjected to unidirectional vibra~ 
tion. and identified three principal modes. Resonant 
frequencies in the case of the orange (navcl) were at XX. 
300, and 40X Hz whereas those for the apple (golden 
delicious) were at 495, 713, and 1045 H;:. They then 
represented the behaviour by means of a 6~element vis~ 
coelastic model. Kawano and Iwamoto (1979) studied 
the vibration of vertical stal'ks of fibreboard boxes filled 
with fruit and showed that they resonated at about 6 II;:. 
i.e. within the range of major excitation frequencies 
encountered during road and rail transport (Fig. 4). 

A few researchers have attempted to devise a model 
for transportation damage using an integrated approach 
which includes fruit damage characteristics. truck sus~ 
pension parameters, and road surface profile. Schoorl 
and Iiolt (1982) and Jones et aL (1991) proposed such 
a model of the road~vehic!e~load system. and attempted 
to use it to predict mechanical damage. The model. 
which has yet to be rigorously tested. deals with bumps 
in the road. but ignores continuous vibration inputs. 
Timm and Brown (1992) suggest the use of a road sur~ 
face profile classification as a component in fruit 
damage control. 
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Implications of the Research 

The importance of defining a bruise threshold for 
impact loads 

To be able to define an impact load threshold below 
which bruising is considered to be non~existent or neg~ 
ligible is commercially very desirable, since the concept 
provides the first step in a rational approach to specify~ 
ing handling procedure:, and selecting packaging. Such 
a threshold may have both a biological component and 
a component based on commercial tolerance. In the 
commercial context, a few very small bruises may be 
tolerated as not detracting from the overall appearance 
or quality. (This is particularly the case with red apples.) 
Where such a tolerance exists, this effectively raises the 
allowable impact threshold. While some researchers 
have defined impact damage thresholds for a few varie~ 
ties of apples, pears, and peaches, there is evidence that 
bruising susceptibility varies significantly between 
apparently identical fruits. Tbis means that any thresh~ 
old may have to be defined on a statistical basis, e.g. a 
level at which fewer than, say, lOCi, of fruit will show 
detectable damage. It must also be remembered that 
most of the research has been done with apples. and rel~ 
atively little research into tropical fruits. and so care has 
to be taken before gcneralising. 

The determination of bruise threshold in turn defines 
the maximum drop height which is allowable in respect 
of various surfaces against which a fruit impacts. In the 
case of some tropical fruits. the maximum allowable 
drop height onto a hard tlat or convex surface or onto an 
adjacent fruit Illay be as little as KO ISO mm. depending 
on the degree of ripeness and fruit temperature. '1l1is has 
significant implications for harvesting nperations, the 
design of packing house machinery, and the select inn of 
appropriate packaging. 

The importance of limiting the depth of the fruit 
layer, and the height of stacks of cartons during 
transJlort 

Of the three mechanisllls of vibration damage. potcn~ 
tially the most serious one arises where rrui~ in the top 
layer becomes momentarily airborne during transp()rta~ 
tion and impacts repeatedly against the fruit below. 
Thus. it is important to limit the vibration in sUc'h a way 
that the acceleration of the top layer is always belo\\ 
O.9g or 9 m/sec2. Alternatively. the fruit should be 
physically held down with soft packing material. LiJl)it~ 
ing the acceleration level at the topmost layer is assisted 
by keeping to shallow depths in bulk bins and by 
employing transport vehicles with sort suspensions (low 
natural frequency). 

It is also important that stacks of fruit cartons should 
nut exceed a height of around 1.5 m during road trans~ 



port, in order to avoid vibration amplification in the 5-
10 Hz range. 

The concept of damage threshold for vibratory 
loads 

The other mechanisms ansmg from true vibratory 
loading involve damage at the point of contact and also 
damage throughout the fruit due to internal resonance. 
Since the frequencies involved in the latter are very 
high, it is considered that ensuing effects are relatively 
minor, and that the main problem arises around the area 
of contact. The concept of a threshold relating to vibra
tory or repeated impact loading is much harder to define 
than for impact loads, since comparatively little research 
has been carried out into the effects of pure vibration. In 
transport situations the vibration is semi-random, 
though it is often made up of a few predominant fre
quencies. Separating the effects of the regular frequency 
vibration from the effects of transients (bumps, jolting, 
etc.) is a difficult task. With our present knowledge, the 
cumulative effective of repeated loading below the 
single loading impact threshold is also very difficult to 
detennine. 

Design and selection of packaging and containers 

In the case of fruits that are highly susceptible to 
damage, the ideal configuration is single-layer container 
packaging or multilayer containers using prefonned 
cellular fibre trays to separate individual fruit and also to 
separate the layers. It is recognised, however, that the 
cost of such packaging can be high. and for some mar
kets compromise might be necessary. Whatever type of 
container is used, the impact-absorbing properties of the 
packaging material at the bottom of the container can be 
critical. In the case of containers made from wood or 
hard plastic, the cushioning material should be capable 
of yielding to impacts without yielding to the point 
where the fruit is brought into contact with the hard sur-

Cushiomng material 

face underneath (Fig. 5). The effect of the cushioning 
material is two-fold. Firstly it reduces the peak impact 
load and extends the duration of the impact (see Fig. 2). 
But a far greater effect is by virtue of the fact that the 
packaging material itself yields, causing the load to be 
spread over a much larger contact area. Becausc of this, 
the contact stress (force per unit area) is greatly reduced, 
often by an order of magnitude. The cushioning material 
should also be energy-absorbing. Using a base cushion
ing material which is too elastic (i.e. with too little 
damping) can give rise to continual small movements, 
rcsulting in excessive rubbing between adjacent fruit. In 
the case of loose-filled fibreboard cartons, rubbing 
injury can also be caused as a result of the flexing of the 
carton base during shock and vibration loading. On 
rough roads when stacks of full fibreboard cartons 6--8 
high tend to vibrate at 5-10 Hz frequency, this again 
causes internal movement of the contents. Individual 
wrapping of fruit serves to minimise any rubbing injury 
caused in this way, especially if the wrapping material is 
of the low-friction type. In the case of bananas, for 
instance, lining the carton with polyethylene has been 
found to be very beneficial in this regard. 

Where transport vibration is likely to be excessive 
(i.e. greater than 19), the fruit should be packed within 
the container in such a way that the top layer is held 
down firnlly. With some fruits it is common practice to 
pack the fruit to a level slightly higher than the top of the 
carton to achieve a small amount of pre-compression. In 
some cases. howcver. shrinkage due to water loss com
bined with settling due to vibration can soon result in the 
pre-compression being lost. Ideally a light pressure 
should be applied by a soft packaging material sand
wiched between the fruit and the container lid. 

Damage which occurs at the retail stage can be 
reduced by using the same packaging container also as 
a display container, assuming that the container is aes
thetically pleasing. As an example, plastic transport 
crates are now being used on retail displays in some of 
the large supennarkets in Europe. (The plastic crates are 

) 
Hard surface 

Figure 5. Diagram showing insufficient, correct, and excessive deformation of cushioning material. 
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owned by the supennarkets, and rented by the whole
salers.) 

Fruit orientation within the container 

Fruits shaped like a prolate spheroid (e.g. mangoes 
and smaller varieties of papaya) are norn1ally packed 
with their major axis vertical, since in this position they 
arc perceived as being more capable of taking vertical 
compressive loads. More importantly, in this orientation 
it is easier to pack the fruit in such a way as to make sure 
of a tight fit, thereby leaving little space for the com
modity to move around in the container when it is 
shaken. It is likely, however, that some fruits packed in 
this way are morc prone to impact bruising than when 
the fru it is laid flat. 

Container rigidity and stackability 

In order to protect the fruit, the container should 
ideally be rigid and capable of bcing stacked without 
transferring any vertical load through the fruit itself. 
Wooden boxes, styrofoam containers, and hard plastic 
crates usually satisfy these criteria very well. Fibreboard 
cartons are normally satisfactory when stacked up to 6 
or 7 high (if dry) but somctimes when they are overfilled 
or held in high humidity environments significant loads 
may be passed through the fruit itself. Since fibreboard 
loses much of its strength in high humidity conditions 
(compression strcngth dropping by around 35% for a 
moisture content increase from 10 to 15%) waxing of 
cartons is to be recommended under these conditions. 
Cartons may have wax applied to both the inner and 
outer layers of the fibreboard as well as the core, or for 
economy may have the inner layer waxed on ly. 

Cross-stacking of fibreboard cartons is sometimes 
practiced for the purposes of stability, but in-line verti
cal stacking is to be preferred, since cartons are much 
stronger and more rigid when stacked one directly abovc 
the other. Stability can be achieved by other means, such 
as the use of banding or netting. 

Bamboo baskets of circular cross-section are less 
effective than rectangular boxes or cartons, especially 
when they are over-filled, as is frequently practiced 
throughout Asia. Although when used upright in single 
layers they may protect the fruit from vertical loads, 
their circular shape at the top end makes them quite 
flexible, thereby allowing lateral loads to be transmitted 
through the fruit, such as when baskets are squeezed into 
place in a transport vehicle. Baskets which are filled 
only to the top and and have strings tied across the top in 
two or three directions provide much better protection 
for the fruit (Fig. 6). It is recognised, however, that in 
some market situations this practice would be difficult to 
implement where the over-full basket is traditionally 
used as a volume measure. 
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Figure 6. Sketch showing method of stiffening traditional 
bamboo basket. 

Any lack of stiffness in the container bottom is usu
ally less of a problem with small containers than with 
large bulk bins, where adequate stiffness is important. 
The weight of a full load of fruit has the tendency to 
make the bin bottom sag, which can result in vertical 
motion of the whole mass when bumps are encountered 
during transportation, causing rubbing and bruising. Bin 
design should therefore provide for ample stiffening 
cross-members at the base. 

Loading/stacking patterns within vehicles 

Where it is possible, palletising is to be strongly rec
ommended not only for the sake of handling efficiency 
and quick turn-around, but also as a way of minimising 
the number of handling impacts. If possible, some 
packing material should be wedged in any gaps between 
thc stack and the sides of the vehicle to prevent the stack 
swaying and hitting the sides when cornering or travel
ling on rough roads. 

Where bamboo baskets are used, these should prefer
ably be loaded onto the vehicle in the vertical position 
and not laid on their side. Rather than stacking baskets 
on top of one another, shelves should be provided within 
the vehicle to take the weight of individual layers of 
baskets (Fig. 7). 

Vehicle suspension design 

Road haulage vehicle suspension is nonnally 
designed to achieve a compromise between ride comfort 
and vehicle handling. (Vehicle handling is a tenn used 



Figure 7. Baskets loaded onto shelf during transport. 

by automotive engineers which refers to stability and 
safety in steering control and braking, and is not to be 
confused with fruit or container handling.) Since most 
goods carried are much less susceptible to shock and 
vibration than fruit, vehicle suspension is normally 
designed to be relatively hard in order to give good 
vehicle handling. In the case of transport of fruit, a better 
compromise would be to make some sacrifice in vehicle 
handling in favour of a softer suspension, thereby low
ering the frequency and acceleration level of vibration, 
and reducing the effect of rough road surfaces. Incorpo
rating a good, active suspension system in larger trans
port vehicles would further improve vehicle ride for the 
fruit, while maintaining good vehicle handling charac
teristics. Unless a vehicle is to be used exclusively to 
carry fruit, however, such suspension designs are not 
likely to be built. Needless to say, both these approaches 
would also increase the cost of the vehicle. As far as 
current truck suspensions are concerned, there is evi
dence that air suspension produces less damage than 
multi -leaf spring suspension. 

Much of the fruit transported over short distances is 
still carried on small vehicles. Fortunately, vehicles of 
1-3 tonne capacity generally have softer suspensions 
than the larger haulage vehicles, and give a reasonably 
good ride when heavily laden, provided the road surface 
is not too rough. 

Vehicle routing 

With the availability of the instrumented sphere, other 
ride vibration meters or road profile meters, different 
transport routes can be classified and a route specified 
which will minimise transport damage. Since transport 
vibration is a function of speed, damage can also be 
reduced by specifying the optimum vehicle speed over 
rough roads ( in those cases where it is possible to exer
cise control.) 
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Possible Future Developments 

More regular impact and vibration monitoring 

The development of the instrumented sphere (IS) in 
the USA. represents a significant development in the 
measurement and monitoring of the impact/vibration 
environment. At present, the IS is designed to record 
impacts as measured by the number of times the accel
eration exceeds certain threshold values, recording them 
as single events. At this stage in its development, the 
IS's dynamic response is somewhat different from the 
fruit itself. What this means is that although what it 
records is a measure of the vibration environment and 
may be used to identify points in the handling chain that 
require the most urgent attention, the motion the IS 
measures does not represent the precise motion of the 
actual fruit. Studman and Pang (1992) acknowledge the 
considerable difficulty in relating the output to the level 
of fruit bruising. Clearly there would be considerable 
interest in developing the IS to the point where it comes 
closer to imitating the dynamic behaviour of different 
types of fruit. 

In addition, there is perhaps scope for further devel
opment in this direction by measuring the frequency 
content of the vibration and by weighting the vibration 
frequency in accordance with the fruit's own particular 
response to various frequencies. From this it would then 
be possible to determine the severity of the vibration 
'dose' the fruit has received. This approach has been 
used previously in the context of human exposure to 
whole body vibration in off-highway and tractor-driving 
operations (Hilton 1970). Before this can be done, how
ever, more data must be gathered on the vibration 
response of various fruits, and their susceptibility to a 
combination of vibration and single load cycles. 

Improved techniques for bruise detection and 
maturity determination 

Non-destructive techniques for bruise detection such 
as ultrasonic scanning, specific gas detection, and vision 
system analysis, are likely to play an increasing role in 
future. Since susceptibility to damage is a function of 
fruit maturity, improved non-destructive techniques for 
measuring fruit maturity could also play an indirect role 
in damage prediction and reduction. 

Improved computer packages for stress analysis 

Using the finite element technique (in which a body is 
considered to be made up of a very large number of 
small elements), an individual fruit can be modelled, and 
a very detailed stress' analysis carried out for the case 
where the fruit is subjected to contact loads at any point 
on its surface. As an example, Figure 8 shows the com-



puted stress field in a cross section representing that of 
a papaya subjected to a compressive load on two sides 
(in this case the top and bottom of the figure). The level 
of stress at any point is indicated by contour lines or by 
various bands of colour. As with most of the computer 
packages available, the analysis assumes that the mate
rial is purely elastic and shows a linear relationship 
between stress and strain. 

Figure 8. Output from finite element analysis of papaya 
cross-section. assuming linear elastic material 
behaviour. Red-pink areas show regions of highest 
stress. 

Although fruit flesh tends to exhibit viscoelastic 
rather than elastic behaviour, the technique nevertheless 
is useful in highlighting regions within the section that 
are likely to be most susceptible to mechanical damage. 
In side impact tests carried out on semi-ripe papaya, for 
instance (Hilton, unpublished data), the regions where 
cracking and bruising were found to occur correlated 
very closely with those highly stressed internal regions 
indicated in Figure 8. Some of the more sophisticated 
finite element packages can already cater for nonlinear 
elements, and it is possible that in the next 5-10 years 
packages will emerge which cater for viscoelastic beha
viour. Provided that the material behaviour can be ade-

quately described, this will enable much greater preci
sion to be reached in predicting damage arising from 
various loading situations. 

Vehicle development 

Provided the cost could be tolerated, there is scope for 
improving truck suspension specifically for loads of 
fruit. This can be done by lowering the suspension's 
natural frequency, or by employing an active suspension 
which is specially tailored to the task. Another possible 
development in the case of shipping container transport 
could be to keep the standard truck suspension and to 
provide a separate suspension for the container itself 
(Fig. 9). 

Conclusions 

Although a considerable amount of effort has been 
put into investigating damage problems and mecha
nisms in the case of apples and some stone fruit, very 
little published data exist regarding damage potential for 
any of the tropical fruits. Since tropical fruit represents 
a significant export growth industry for the Asia-Pacific 
Region, urgent work is required to establish quantita
tively the impact and vibration damage susceptibility for 
many of the tropical fruits , particularly mango, papaya, 
carambola, and certain thin-skinned banana varieties. 
Where the market can bear the cost of expensive pack
aging, many of the post-packaging problems can be 
solved using existing technology. In future, however, 
more attention should perhaps be given to developing 
lower-cost packaging solutions, in order to provide a 
wider range of options. Data are also needed relating to 
transport and handling in rural areas using local trans
port on both highways and rural access roads, with a 
view to identifying the most serious sources of damage. 
Training is an essential part of any TQM system. 
Orchard operations, vehicle and fork lift truck driving, 
and retail handling are areas requiring more attention in 
this regard. 

FRESH FRUIT 

Figure 9. Sketch illustrating the concept of independent container suspension. 

124 



References 

Armstrong, P,R" Schulte. ~.L.. Timm. E.J. and Brown, G.K. 
1992. Bruising during truck transport of apples in bulk hins. 
American Society of Agricultural Engineers. Paper No. 92· 
6035. ASAE. St. Joseph, MI, USA. 

Bardaie. M.Z. and Hitam, B. 1979. Fruit damage during trans· 
portation. Presented at the International Conference on 
Agricultural Engineering in National Development. 175-
In. Universiti Pertanian Malaysia, Serdang. Sclangor, 
Malaysia. 

Brown. G.K., Burton, c'L.. Sargent, S.A., Schulte·Pason. N.L., 
Timm, E.J. and Marshall, DE 1989. Assessment of apple 
damage on packing lines. Applied Engineering in Agricul· 
ture. 5( 4).475-484. 

Brown, G,K., Schulte·Pason. N.L .. Timm. E . .I., Burton, c'L. 
and Marshall, D.E. 1990. Apple pad'ing line impact damage 
reduction. Applied Engineering in Agriculture. 6. 789-794 

Brusewitz, G.H. and Bartsch. J.A. 19X9. Impact parameters 
related to post harvest hruising ofapplcs. Transactions of the 
American Society of Agricultural Engineers. 32(3), 953-
957. 

Brusewitz, G.H., Zhang, X. and Smith, M.W. 1992. Picking 
lime and postharvest cooling effects on peach weight loss, 
impact parameters and bruising. Applied Engineering in 
Agriculture, 8. 84-90 

Burton. c'L.. Brown, G.K., Schulte·Pason, N.L. and Timm. 
E.J. 1989. Apple bruising related to picking and hauling 
impacts. American Society of Agricultural Engineers Paper 
No. X9·6049. ASAE. SI. Joseph, MI, USA. 

Diehl. K.c' and Hamann, D.O. 1979. Structural failure in 
selected raw fruits and vegetables. Journal of Textural Stud· 
ies, 10,371-400. 

Gan·Mor. S. and Galili. ~. 1987. Model for failure and plastic 
Ilow in dynamic loading of spheres. Transactions of the 
American Society of /\gricultural EnginL'l'rs. 30(5), 1506--
151 I. 

Garcia. C, and Ruiz. M. 1988. Impact parameters related to 
bruising in selected fruits. American Society of Agricultural 
Engineers Paper No. ~8·6027. ASAE, St. Joseph, Ml. USA. 

Hamann, D.O. 1970. Analysis of stress during impact of fruit 
considered to he viscoelastic. Transactions of the American 
Society of Agricultural Engineers, 13(6),893-899. 

Hilton, D.J. 1970. A frequency·weighted ride metcr. Joul11al of 
Agricultural Engineering Research, 15(4), 379-3X4. 

Holt. J.E. and Schoorl, D. 1977. Bruising and energy dissipa· 
tion in apples. Journal of Textural Studies, 7, 421-432. 

- 1982. Mechanics of failure in fruits and vegetables. Journal 
of Textural Studies, 13,83-92. 

- 1985. A theoretical and experimental analysis of the effects 
of suspension and road profile on bruising in multilayered 
apple packs. Journal of Agricultural Enginecring Research. 
31,297-308. 

Holt, J.E., Schoorl, D. and Lucas. C. ILJS I . Prediction of bruis· 
ing in impacted multi layered appk packs. Transactions of 
the American Socicty of Agricultural Engineers, 24( I), 
242-247. 

Jones, c'S .. Holt, J.E. and Sciloorl. D. 1991. A model to predict 
damage to horticultural produce during transport. Journal of 
Agricultural Engineering Rcsl'arch. 50. 259-272. 

Kawano. S. and Iwamoto, M. 1979. Analysis of vibrating char· 
acteristics for highly stacked corrugated fiberhoard hoxes. 

125 

Presented at the Joint American Society of Agricultural 
Engineers and Canadian Society of Agricultural Engineers 
Summer Meeting. Winninpeg. Canada, June 24-27, 79· 
6016,1-20. 

Kimmel. E .. Peleg, K. and Hinga, S. 1992. Vibration modes of 
spheroidal fruits. Journal of Agricultural Engineering 
Research. 52, 201-213. 

Kline, .1.0. 1987. Relationship of harvest date, storage condi· 
tions and fruit characteristics to bruise susceptihility. Journal 
of the American Society of Horticultural Science, 112( I). 
113-118. 

Kumar, L. and Wang, J.K. 1971. Response of papaya fmit to 
dynamic loading. Transactions of the American Society of 
Agricultural Engineers. 14.263-·267. 272. 

Kunze, O.R .. Aldred. W.H. and Reeder, B.D. 1975. Bruising 
characteristics of peaches rdated to mechanical harvesting. 
Transactions of the American Society of Agricultural Engi· 
neers, 18(5),939-945. 

Lichtensteiger. M.J., Homes. R.C .. Ilamdy. M.Y. and Blais· 
delL J.L. 19XRa. Evaluation of Kelvin model coefficients for 
viscoelastic spheres. Transactions of the American Society 
of Agricultural Engineers. 31 (1),288 .. 292. 

-1988b. Impact parameters of spherical viscoelastic objects 
and tomatoes. Transactions of the American Society of 
Agricultural Engineers, 31 (2),595-602. 

McLaughlin, N.B. and Pitt, RE. 1984. Failure characteristics 
of apple tissue under cyclic loading. Transactions of the 
American Society of Agricultural Engineers. 27( I), 311-
320. 

Miles, .I.A. and Rehkug1er, G.E. 1973. A failure criterion for 
apple flesh. Transactions of the American Society of Agri· 
cultural Engineers, 16(6), 1148-1152. 

Mohsenin, N.N. 1977. Characterisation and failure in solid 
foods with particular reference to fruits and vegetables. 
Journal of Textural Studies, 8. 169-193 

Nelson, C,W. and Mohsenin, N.N. I 96X. Maximum allowable 
static and dynamic loads and effect of temperature for 
mechanical injury in apples. Journal of Agricultural Engi· 
neering Research. U(4). J 17-329. 

O'Brien, M .. ClaypooL L.L. and Leonard. S..1. 1960. Effects of 
mechanical vihrations on fruit damage during transporta· 
tion. American Socie\y of Agricultural Engineers Paper No. 
60311. 

O'Brien. M., Claypool, L.L., Leonard, S.J., York. G.K. and 
MacGillivray, J.H. 1963. Causes of fruit bruising on trans· 
port trucks. Hilgardia, 35(6),113-123. 

0' Brien, M., Gentry, J.P. and Gibson, RC. 1965. Vibrating 
characteristics of fruit as related to in·transit injury. Trans· 
actions of the American Society of Agricultural Engineers. 
8(2),241-243. 

O'Brien. M., Pearl, Rc', Vilas, E.P. and Dreishach. L. 1969. 
'nle magnitude and effect of irHralhit vibration damage of 
fruit and vegttahiL's on processing quality rmd yield. Trans· 
actions of the Ameril'all Society of Agricultural Engineers, 
24,452-455. 

Pang. W., Studman. C.J. and Ward. G.T. 1992. Bruising 
damage in apple·to·apple impact. Journal of Agricultural 
Engineering Research. 52. 229-240. 

Peleg. K. 19X4. A mattlL'lllatical model of produce damage 
mechanisms. Transactiurb of the American Society of Agri· 
cultural Engineers, 27(2), 287-293. 

Pitt. RE. 1982. Models for the rheology and statistical strength 



of unifonnly stressed vegetative tissue. Transactions of the 
American Socidy of Agricultural Engineers. 25(6), 1776--
1784. 

Pitt. R.E. and Chen, H.L. 1983. Time-dependent aspects of the 
strength and rheology of vegetative tissue. Transactions of 
the American Society of Agricultural Engineers. 26(4), 
1275-1280. 

Pitt. R.E. and Davis. D.C. 1983. Finite element analysis of 
tluid-filkd cell response to external loading. Transactions of 
the American Society of Agricultural Engineers. 27(6). 
1976 198.1. 

Roudot. A.C .. Duprat. F. and Wcnian. C. 199 I. Modelling the 
response of apples to loads. Journal of Agricultural Engi
neering Rcsearch. 48. 249-259. 

Sargent. S.A .. Brecht. J.K. and Zoellner. 1992. Instrumented 
sphere impact analyses of tomato and bell pepper packing 
lines. Applied Engineering in Agriculture. 8. 7(~-fU. 

Sarig. Y., Schwart? Y and Yaffe, O. 1992. Experiments with an 
instrumented sphere (IS) for the assessment of the mechani
cal damage inclirred in an apple packing line. American 
Society of Agricultural Engineers. Paper No. 92·1079. 

Schoorl, D. and lIolt, J.E. 1974. Bruising and acceleration 
measurements in apple packs. Queensland Journal of Agri
cultural and Animal Sciences, 31 (I J. 83-92. 

- 1978. TIle effects of storage time and temperature on the 
hruising of Jonathan. Delicious and Granny Smith apples. 
Jellirtlal of Textural Studies, 8, 409-416. 
1982. Road-vehicle-load inlcraL·tions 1'01' transport of fruit 

and vegetables. Agricultural Systems. 8, 143 155. 
Schulte. N.L.. Brown, G.K. and Timlll. E . .!. 1992. Apple impact 

damage thresholds. Applied Engineering in Agriculture. 8, 
55-60. 

126 

Schulte-Pason. N.L.. Timl11. E..I., Brown, G.K .. Marshall, D.E. 
<Uld Burton. c.L. 1990a Apple damage assessment during 
interstate transportation. Applied Engineering in Agricul
ture, 6(6), 753-758. 

Schulte-Pason, N.L.. Timm, E..J .. Brown. G.K. I 990b. Apple. 
peach and pear impact damage thresholds. American Soci
ety of Agricultural Engineers Paper No. 90-6002. 

Siyami. S .. Brown. G.K .. Burgess, G..J .. Gerrish, .I.B., Tennes, 
B.R .. Burton. c.L. and Zapp. R. H. 1988. Apple impact 
bmise prediction models. Transactions of the American 
Society of Agricultural Engineers. 31 (4), I m81 046. 

Srivastava. A.K .. Mandhar. S.c. and Singb. M.D. 1992. Apple 
bmise prediction models using dimensional analysis. Agri
cultural Engineering Journal. 1.35-52. 

Studman. C..J. and Pang. W. 1990. Mechanics of fruit damage. 
Project report to New Zealand Apple and Pear Marketing 
Board. Massey University. i'almerston North. New Zea
land. 

Suraphong. K. 1983. Development of appropriate techniques 
and equipment for handling horticultural produce at farm 
level to prolong storage life. Presented at the ASEAN work
shop on Transportation and Handling Techniques for Horti
cultural Produce. Bangkok, TIlililand. ASEAN Food 
Handling Bureau. Kuala LUlllpur. 

Timm. E.J. and Brown, G.K. 1992. Avoiding produce transport 
damage by llsing the international highway roughness index. 
American Society of Agricultural Engineers Papcr No. 92-
6OJ8. 

Walker. R.J .. Schoorl. D. and Holt. J.E. 1978. -[he vihration 
bruising of apples. Proceedings of the National Conference 
on Agricultural Engineering. 51-53. Institutioll of Engi
neers. Australia. 



Minimal Processing of Tropical Fruits 

Jingtair Siriphanich* 

Abstract 

Minimally processed tropical fmit is becoming more common. Consumer demand for convenience has made it 
more popular. It is also being considered for export in place of whole intact fruit because of its advantages in 
reducing transportation cost. erficient use of cargo space, and avoiding plant quarantine. Minimally processed 
fruits are normally damaged during their preparation, to a degree dependent on their structure. e.g. separation of 
pulp tissue from the peel. Consequently, physiological responses, such as respiration, ethylene production, and 
chilling sensitivity differ amongst fruit types. Fruit must be very carefully processed to minimise injury. Packag
ing and storage conditions must be very specific to maximise shelflife. In addition. minimally processed fruits are 
vulnerable to microbial attack. even by organisms that do not normally attack fruit (e.g. Listeria). Little research 
has been done in these areas. Therefore. contamination by human pathogens is an important concern. More work 
needs to be done to understand physiological behaviour following minimal processing, which differs from that of 
intact fruits and to find a means to maintain good quality of the processed product for a longer period. 

MINIMALLY processed fruits and vegetables can be 
defined as those fruits and vegetables that may have 
been clcaned, pecled, cut, sliced, packaged, or processed 
by any means short of killing the tissues (Shewfelt 
1987). A wider definition (Huxsoll and Bolin 1989) 
might include fruits whose tissues have been killed 
during processing but have retained their fresh appear
ance. This review is limited to living tissues only. Such 
minimally processed fruits are very perishable and vul
nerable. This is thc opposite situation to that found under 
conventional processing such as drying, canning, or 
freezing, in which fruits are made stable, less perishable, 
and can bc stored for long periods (Huxsoll and Bolin 
19R9). Minimally processed fmits, however, retain their 
flavour, aroma, and nutrition better than conventionally 
processed fruit (Klein 1987). 

Minimal processing of fruit is not new. It has been 
done for a long time around the world. However, the 
distance and the time between the preparatory processes 
and consumption in the past might be short; c.g., a few 
minutes walk from the market to the consumer's home 
nearby. Today, howe vcr. the processing may be done 
thousands of miles from the placc of consumption. In 
this case, care must be taken in selecting and preparing 
the fruit, to hold the finishcd product in good condition 
long enough to satisfy the consumer. The demand for 
minimally processed fruits is thc result of the twin 
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dcsires of consumers for convenience (King and Bolin 
1989), and quality. Suppliers also benefit, since 
shipping costs can be reduced. Labeling can be easily 
done on the packagc, l.juality can be guarantecd, waste 
disposal cost can be minimised, price can be lowercd 
and, eventually, morc profit reccived. It was predicted 
that by the ycar 2000, thc markct value for minimally 
processed fruits and vegctables would grow to 
US$400O---ROOO million a year (llurst and Schuler 
1992). 

Most of thc dcvclopmcnt of minimally processed fruit 
has been undertaken by people in the fruit business. Food 
scientists have paid little attention until recently. With 
this perspective, more research is needed to improve the 
technology for producing high quality, minimally pro
cessed fruit. This review examines criteria for fruits to be 
minimally processed, current practices, and associated 
problems, with the emphasis on tropical fruit. 

Critera for Fruits to be Minimally 
Processed 

Not all fruits arc being minimally processed. Durian, 
jackfruit, mangosteen. papaya, pineapple, pummelo, and 
young coconut arc among tropical fruit often scen avail
able in this form. The reason these fruits are suitable for 
minimal processing can bc summarised as follows: 

Large fruit size. Scveral tropical fruits are l.juite large. 
A single fruit may weight more than 10 kg; e.g., durian. 
jackfruit, and papaya. It may not be convenient for the 



consumer to carry the whole fruit back home, or it may be 
too much to consume, particularly for smaller families. 

High price. Prices for some fruits are very high, par
ticularly early in the season. If the fruit is also large, then 
it is more economic to buy just enough for consump
tion. 

The risk in obtaining poor quality pulp. In many fruits, 
the pulp quality varies greatly and cannot be detennined 
from the outside. Several physiological disorders in 
tropical fruit severely reduce their quality; e.g., granula
tion in pummelo, internal browning in pineapple, and 
pulp necrosis and water soaking in durian. In addition, 
maturity of many tropical fruits cannot be detennined 
easily. Minimally processed products allow consumers 
to inspect them closely and reassure themselves that they 
will get high quality products. 

Difficulty in peeling. Ourian has numerous sharp 
spines that are dangerous for consumers not skilled in 
the procedure for opening the fruit. Jackfruit is full of 
gummy material that stains clothes and sticks to the 
hands. The difficulty of accessing the tlesh often results 
in an unsightly product. 

Weight reduction for transportation. Many tropical 
fruits have thick rind with only a small portion being 
edible. Ourian, jackfruit, mangosteen, pummelo, and 
pineapple are good examples. The extra weight not only 
increases transportation cost but also causes waste dis
posal problems (Garg et al. 1990) at the end of the 
market chain, which may be costly. To remove this 
inedible portion at the beginning greatly reduces the 
price to the consumer. 

A voiding plant quarantine. Most tropical fruits are 
subjected to infestation by fruit flies. Hence, they cannot 
be imported into some countries, such as Japan and the 
United States, from areas known to be infested with 
these insects. Minimal processing allows each fruit to be 
carefully examined right to the fruit centre. Neverthe
less, one can argue that newly laid eggs and small larvae 
may escape detection during the peeling, cutting, and 
sorting process. Research must be conducted to verify 
that minimally processed fruits are free from the insects. 
Alternatively, minimal processing itself may be used as 
a quarantine treatment, or quarantine treatment may be 
imposed on minimally processed fruits. It must be cau
tioned, however, that minimally processed fruit may be 
classified by the authority as food or processed fruit 
instead of fresh fruit and must follow the rules and reg
ulations of that category. 

The above criteria are the main reasons that various 
fruits are minimally processed. There are still other 
minor reasons, such as to create new consumer prod
ucts, to improve quality or make use of defective fruit, 
to increase shelf life, and to reduce the labour cost for 
processing fruit at processing plants, restaurants, or 
food centres in the city. These criteria are all aimed to 
satisfy the desire for convenience among customers. 
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In addition to the above criteria for fruit to be mini
mally processed, there are also questions of where and 
when the process should be done and what degree of 
processing is needed. The physiological nature of the 
fruit and the marketing channel are the two important 
considerations. Obviously, if the processed fruits do not 
quickly deteriorate, the processing can be done at the 
growing area. On the other hand, those which rapidly 
deteriorate must be dealt with at retail outlets, unless 
new techniques can be developed to preserve them close 
to their original condition. A survey on where the fruits 
are grown and consumed, how they are transported, dis
tributed, and displayed must also be done to efficiently 
answer this question. In any case, it is known that a cen
tral processing facility is more economical than scat
tered ones (Huxsoll and Bolin 1989). 

Current Practices and Their 
Development 

There are marked differences in the structure and physi
ology among tropical fruits. Thus, the minimal process
ing methods for the seven fruits already mentioned are 
quite different, as detailed in the following sections. 

Durian (Durio zibethinus Murr.) 

Ourian fruits are quite large, usually 2-4 kg in weight 
depending on cultivars, and are covered with numerous 
sharp spines. Thailand is the biggest producer and 
exporter of durian fruit. Chanee and Monthong are the 
two most popular cultivars. The pulp weight including 
seed varies between 30-50% of the total fruit weight. 
They can be very expensive at US$4-5/kg early in the 
season. Because of this high price, a large percentages 
of immature fruit was harvested. Consequently, 
repeated complaints were heard from both local and 
foreign customers. There are many maturity indices of 
durian but using a single index is not enough. Even 
experts must use a combination of indices to determine 
the maturity correctly. They also make mistakes partic
ularly early in the season. Minimally processed durian 
looks very promising during this period. 

As mentioned before, to open durian fruit is not an 
easy task. However, once harvested, the fruit will finally 
dehisce by itself At this dehiscence stage, durian pulp 
has already become very soft, which is not attractive to 
Thai consumers. They prefer durian in which the pulp is 
still rclatively firm. At this stage the fruit is not easily 
opened or dehusked, since the separation zone on each 
locule has not been well developed. Ourian must be 
opened with a knife, using considerable force. Consu
mers in Thailand prefer to ask retailers to open the fruit 
for them. In supermarkets, durian pulp is sold prepack
aged on cling-wrapped styrofoam trays. 

Praditduang (1986) reported that durian pulp could be 



stored at 4°C for up to 40 days. Storage of vacuum
packed durian, however, was not successful since the 
bag expanded due to the production of gases from the 
pulp. Booncherm (1990) reported that the pulp could be 
kept for up to 8 weeks, and that ripening continued 
without chilling injury except for the appearance of a 
reddish patch on the funiculus tissue. Whole durian fruit 
however, showed visible chilling injury symptoms in 
less than a week at 5°C. These were discoloration of the 
husk, black colour groove between spines, and red 
patches on the inner white wall of the husk. In addition, 
the pulp never ripened. 

Booncherm and Siriphanich (1991) demonstrated that 
the ripening processes of the pulp and husk are separate 
(Fig. I). Respiration and ethy lene production of the pulp 
were very low, about lis to lllco of the husk. However, 
the climacteric peak of respiration and ethylene produc
tion was reached first in the pulp, about 2-3 days earlier 
than the husk. Presumably, the ripening process initiated 
first in the pulp induced the ripening of the husk. Chai
prasart (1993) confirmed this finding by showing that 
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the activity of ACC synthase was initiated first in the 
pulp. The climacteric peak in the husk, however, coin
cided with its dehiscence. Sriyook (1990) showed that 
the dehiscence process of durian fruit depends on both 
water loss and the production of ethylene. Ethylene. 
however, appeared to be more important for thc fruit to 
dehisce. The ripening process of durian pulp removed 
from the fruit appeared to proceed more slowly than in 
intact fruit (Booncherm and Siriphanich 1991). This 
phenomenon may be due to the low ethylene level in the 
pulp. Hence, the continued presence of ethylene may be 
necessary for the ripening process of durian to continue. 

Dehiscence could be delayed by application of a gib
berellic acid spray. With this treatment, the durian husk 
remained green, but other ripening processes of the pulp 
were not affected (Siriathwat 1989). On the other hand, 
attempts to enhance dehiscence without advancing pulp 
ripening have not been successful. 

The removal of pulp from the husk of fully ripe durian 
is not difficult since the dehiscence zone of the husk is 
already weakcncd and the pulp has begun to separate 

-160 

-140 

-120 

100 

, - - " co, pulp 
, , 

C,H, pulp 

-L--~~-----'-------'------~T--------r-------'~~----'-------~-o 

3 

Days after harvest 

Figure l. Respiration and ethylene production of Chanee durian (Boonchenn and Siriphanich 1991) 
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from the fruit axis. The surface of the pulp is covered 
with epidermal cells and cuticle. Hence, attack by 
microorganisms is not normally a problem unless it is 
damaged. However, with the less-ripe durian which 
Thais prefer, the removal of the pulp might damage the 
pulp leaving it susceptible to microbial attack. The 
funiculus tissue that was once connecting the pulp and 
the fruit axis is another region prone to microbial attack. 
During storage, both mould and bacteria have been 
found in this region and the wounded surface (Boon
cherm 1990). The use of 10% CO2 atmosphere balanced 
with air was found to inhibit fungal growth for a week at 
room temperature. 

Jackfruit (Artocarpus heterophyllus Lank) 

lackfruit is the biggest of all fruits, weighing 5-20 kg 
or more. The surface is covered by small protuberances. 
The fruit is an aggregate fruit with numerous fruitlets 
each containing one seed. The pulp of each fruitlet is the 
perianth, covered with epidermal cells and cuticle, 
having waxy appearance. For eating the fruit must be 
divided into small pieces, or individual fruitlets 
extracted from the centre core (receptacle) and other 
surrounding tissue. Each fruitlet is then cut longitudi
nally to remove the seed. The process is quite unpleas
ant, since the fruit is full of gummy latex that sticks to 
the hands, and stains clothes. To facilitate the procedure, 
hands are rubbed with vegetable oil before dealing with 
the fruit. Retailers who prepare jackfruit pulp for sale 
usually produce cleaner jackfruit pulp with fewer 
defects than can most customers, making it more popu
lar for consumers to buy minimally processed jackfruit, 
at least in urban areas (Fig. 2). 

At room temperature, jackfruit pulp lasts only a day 
or two. Ploymerusmee (1990) reponed that jackfruit 
pulp could be stored for 6 days at 1°C, and up to 9 days 
at 5°C. Later on, the pulp was dull in colour, and the 
tissue along the cut edge became translucent. However, 
Tonnanonta (1992) was able to store jackfruit pulp for 
up to 16 days at 1°C and 14 days at 5°C. In both cases, 
the fruit pulp was packed in cling-wrapped styrofoam 
trays. The discrepancies between their results may be 
the result of differences in cultivar and maturity of the 
jackfruit used in the experiments . The ability to prepare 
clean and less injured jackfruit pulp would also affect 
the shelf life. Singh and Mathur (1954), however, 
reported that whole jackfruit might be stored at about 
12°C for 3-6 weeks. 

In an attempt to extend the storage life of jackfruit 
pulp, Ploymerusmee (1990) also studied the storage of 
the pulp without removing the seed. The pulp with seed 
lasted for up to 12 days while the seeded one lasted only 
9 days. However, the reduction in soluble solids content 
of the pulp with seed was more rapid than that in the 
seeded pulp. The colour of the pulp with seed was also 

paler than the pulp without seed. It appeared that there 
might be a translocation of nutrients from the pulp into 
the seed. 

Figure 2. Preparing jackfruit pulp for sale at a street stall in 
Bangkok 

Mangosteen (Garcinia mangostana L.) 

The weight of mangosteen fruit is in the range 60--200 
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g. When ripe, it is easily cut open along the equator of 
the fruit revealing the white puffy pulp. Although the 
pulp weight is only about 30% of the whole fruit, there is 
no reason for this fruit to be minimally processed. 
Besides, the pulp can easily tum brown if exposed to the 
air, particularly if damaged. 

Harvesting index of mangosteen is based on skin 
colour change, which normally progresses from green to 
pink, red, purple, and finally black. Harvesting is usually 
done from pink (some red patch on the green surface) 
through to the red colour stage (Tongdee and Suwanagul 
1989). The fruit is edible from the purple stage onward. 
Immature mangosteens having few red patches on the 
skin are sometimes harvested. They ripen slowly and are 
sorted out. These fruits, together with defective fruits 
such as those having insect scar, can be minimally pro
cessed, before they tum red, into another product called 
mangkhut--cut (in Thai, mangosteen = mangkhut). This 
product is exclusively produced in Nakhon Sithammarat 
province in southern Thailand. The peel at the top and 
bottom of the fruit is cut out, but the pulp is not exposed. 



The fruit is then soaked in I % salt together with 1% 
alum (aluminium potassium sulfate) solution for about 
half an hour. The peel is then removed by knife and left 
in the solution before latex and other defects are 
removed, also with a knife. After cleaning, 3-4 fruits are 
held together by a wooden stick and are ready to be sold 
(Fig. 3). With the above procedure, mangosteen pulp 
remains white for about 5 hours, after which the colour 
becomes dull. The taste of this mangos teen is less sweet 
and less acidic than the normal ripe fruit. However, the 
texture is firm and crisp. Too much salt and alum during 
the preparation causes pulp discoloration, while with too 
little salt fruit cannot retain their firm and crisp texture 
for long. 

Figure 3. Peeled and unripe mangosteen for sale in Nakhon 
Sithammarat, Thailand 

Papaya (Carica papaya L.) 

Papaya is a tropical fruit that is quite well known 
among people in other parts of the world. Hawaiian 
papaya dominates the international market, owing to 
their small size of about 500 g. In Southeast Asia, how
ever, papayas normally weigh more than 2 kg and may 
be up to 10 kg It is popular as the fruit served in restau
rants, along with pineapple. They are peeled, deseeded, 
then cut into small pieces. Unlike durian, jack fruit , man
gosteen, and pummelo, minimally processed papaya is 
covered with damaged tissue . Unlike the other fruits 
there is no protection from epidermal cells . In addition, 
because of its soft texture, it is easily desiccated and 
becomes unattractive in a short time. The use of cling
wrap reduces its shriveled look to some extent. An edible 
coating may be useful to minimise this problem. 

Powrie et al. ( 1990) patented a preservation procedure 
for cut and segmented fruit pieces. They claimed to store 
papaya pieces in modified atmosphere packaging at I DC 
for up to 16 weeks (Table I), with little loss in taste and 
texture. The packaging was a high gas barrier; polyeth
ylene/tie/ethylene vinyl alcohol/tie/polyethylene plastic 
laminated pouches (DuPont LP 920TM). To achieve the 
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exceptionally long storage period, papaya was cut into 
pieces weighing 10-25 g and dipped in 5% citric acid 
solution. The package was flushed with 15-20% oxygen 
and 3% helium balanced with nitrogen before sealing. 
The ratio of gas volume to fruit- piece volume was about 
I :4. In addition it must be cold shocked to I DC as soon 
as possible. 

Pineapple [Ananas comosus (L.) Murr.] 

Pineapple is very well known around the world, due 
to its availability in the form of canned pineapple, which 
retain aroma and flavour close to the fresh fruit. Fresh 
pineapple, however, is not as popular as canned pineap
ple. Only 5% of production is for export as fresh pine
apple, due to the fragile nature of its flesh. Smooth 
cayenne is the most exported cultivar (Py et al. 1987). 
Pineapple suffers from chilling injury at its 8-12DC 
shipping temperature. The internal browning symptom 
develops in about 1-4 weeks, depending on cultivar and 
temperature during the growing season. Coating the 
fruit with waxes reduces the symptom to some extent 
(Paull and Rohrbach 1985). At higher transport temper
atures, pineapples cannot be held longer than 2 weeks. 

Pineapple is usually sold intact including the crown, 
but slices or segments are not uncommon. Powrie et al. 
(1990) claimed to store pineapple pieces for up to 10 
weeks (Table I) in modified atmosphere packaging at 
I DC, without chilling injury and no loss in taste and 
texture. The pineapple was sliced and cut into pieces 
6-15g each, packed in DuPont LP 920 plastic pouches, 
flushed with a gas mixture 15-20% oxygen and 3% 
argon before sealing, and immediately cooled to I DC. 
The ratio of gas volume to fruitpieces volume was about 
1:3.3. 

Table J. Storage life of sliced fruit pieces claimed by 
Powrie et al. 1990. 

Fruit Sliced fruit Whole fruit 
MAPat 1°C cold storagea 

(weeks) (weeks) 

Mango 12 2-3 
Pineapple 10 4-5 
Papaya 16 1-3 
Apricot 10 2 
Melon 12 3-4 
Grapefruit 16 4-6 
Tangerine 8 2-4 
Apple 8 

a Stored at an opt imum refrigeration temperature for the speCific fruit. 
Mango. pineapple , papaya, grapefruit and tangerine at 5-9' C, the 
others at 0-4'C. 

Iversen et al. (1989) studied the metabolism of cut 
pineapple, using a microcalorimeter. The measurement 



of heat production under different storage conditions 
revealed that the metabolism of cut pineapple was ini
tially low. After a lag period. the heat production 
increased to reach a peak and then declined The lag 
period and the height of the peak depended on the size, 
the degree of wounding (Fig. 4a), and the atmosphere 
surrounding pineapple pieces. The increase in heat pro
duction was related to the development of undesirable 
odour and loss of colour. However, with the application 
of metabolic inhibitors and antibiotic chemicals, it was 
shown that the spoilage of cut pineapple was not due to 
the fruit itself. Microbial activity appeared to be the 
predominant factor causing spoilage (Fig. 4b). 
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Figure 4. (a) Effects of tissue damage on the time course of 
measured heat rate of stored pineapple sections 
(Iversen et al. 1989); (b) Effects of inhibition of 
fungal growth on metabolic heat rate of stored 
pineapple sections: C ~ control. F ~ fungicide, A ~ 
antibiotic (Iversen et al. 1989) 

Pummelo [Citrus maxima (Burm.) Merr] 

Pummelo is the largest size citrus. weighing 0.5-2 kg. 
It is available all year round in Thailand but the main 
season is between August and November. Prices are 
quite stable all year, due to its long shelf life and year 
round availability. Even at room temperature, pummelo 
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lasts for about a month. In fact, pummelo fruits are nor
mally not consumed soon after harvest. Instead, they are 
usually left to 'forget the tree' for about 1-2 weeks 
before being consumed. This practice increases the sol
uble solids to acid ratio and thereby improves the taste. 

Minimally processed pummelo is quite common. The 
peel, including the albedo is removed. then the peeled 
fruit is halved or divided into 2-4 wedges and sold 
around bus or railway stations. This peeled and seg
mented pummelo lasts for several days since the seg
ment membrane becomes dry and forms a good 
protective layer. The exposed juice vesicles arc also 
protected by their own epidermal tissue. In supermar
kets the segment membrane is removed, and the pum
melo segments arc beautifully arranged on stryrofoam 
trays, covered with cling-wrap, and displayed on refrig
erated shelves. These peeled segments are often 
wounded on their outer side, where juice vesicles were 
previously connected to the segment membrane. Con
tamination by airbome fungi such as Penicillium and 
Aspergillus is common on this product. 

Jamjunya (I988) showed that benzoic acid. para
benzoic acid, and sodium bisulfite could prevent mould 
growth on pummelo halves for up to 6 days, at room 
temperature, but off-tlavour was detected. At 5°C peeled 
pummelo wrapped with cling-wrap could be stored 
without chemical treatment for 2 weeks without mould 
or loss of taste. An experiment simulating air shipment to 
Japan was also undertaken (Poomchai 1988). Peeled 
pummelo were held for 2 days at 5°C then transferred to 
room temperature for I day, back to 5°C for another 2-5 
days and retumed to room temperature for another day 
before making quality evaluation. The peeled pummelo 
remained in good condition with no contamination. 
Off-flavour, however, increased with storage period 
(Fig. 5). Storage of pummelo segments at lower temper
atures than 5°C should also be possible, since Chiraporn 
(1990) rep0l1ed that storage of intact pummelo at 0-2°C 
for 2 weeks, as a fruit tly disinfestation treatment, did not 
injure the fruit. Although alcohol content in pummelo 
juice-sacs increased during the treatment, off-flavour 
was not detected by the taste panelists. 

Currently, pummelo from Southeast Asia cannot be 
imported into Japan due to fruit tly infestation. If peeled 
and segmented pummelo could be imported into Japan 
or other countries which currently impose restrictions, it 
would open up a large new market. Nevertheless, to 
ensure high quality. pummelo must be very carefully 
prepared not to damage the juice-sac membrane. Modi
fied atmosphere packaging must be studied to suppress 
mould growth and delay deterioration. 

Young coconut (Cocos nuciJera L.) 

Coconut drink is very popular in tropical regions, 
particularly the liquid of young, fragrant coconuts. To 



serve the juice with the whole fruit is quite attractive to 
consumers and tastes better than preserved or refriger
ated coconut drinks. However, because of its semi
spherical shape and scars or defects on the fruit surface, 
the husk is often partially peeled off to make the coconut 
more attractive and convenient to serve (Fig. 6). After 
peeling, the remaining husk tissue quickly turns brown. 
Local retailers use many means to inhibit the browning, 
including salt solution and lime juice, but most use 
sodium metabisulfite. Sodium metabisulfite concentra
tions above I % effectively inhibit browning, but 2-3% 
is recommended to get a consistent and long-lasting 
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Figure 5. Off-flavour scores in peeled pummeio stored at 
alternate temperatures between SoC for 2 or S days, 
and room temperautre for I day (Poomchai 1988) 

Figure 6. Peeled and well-shaped young coconuts in a 
Bangkok market 
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effect (Tongdee et al. 1991). Harvesting of young coco
nut must be done carefully since even a short drop to the 
ground causes browning of the internal husk within a 
day or two. A 50 cm drop on a concrete floor causes 
browning deep into the shell within one day. Sodium 
bisulfite cannot eliminate this type of browning. 

Peeled coconuts lose their soluble solid content 
quickly as compared with intact fruit, while titratable 
acidity increases, result in off-flavours in a few days at 
room temperature. Low temperatures delay the reduc
tion in soluble solids and the increase in acidity. The 
recommended shipping temperature for peeled young 
coconut transported to Hongkong is 4--1 O°c. Intact fruit 
stored at 4, 7, or 10°C developed chilling symptoms, as 
surface discoloration, in 10, 20, and 30 days respec
tively. With the bisulfite dip, peeled young coconut 
remained in excellent appearance for up to 4 weeks at 
4--IO°C, but the quality of the juice was acceptable for 
only 3 weeks. Wrapping with PVC stretch film is also 
recommended to prevent desiccation of the peeled sur
face. When these treatments are combined, peeled 
young coconuts have 3-4 days additional shelf life at 
20°C (Rattanachinnakorn et al. I 990a,b). 

Problems Associated with Minimally 
Processed Fruit, and Possible Solutions 

Fruit preparation 

All minimally processed fruits are either cut or peeled 
more or less dependent on the structure of the fruit. 
Cutting and peeling allow many substances, including 
phenolic compounds normally compartmentalised 
within the cell, to come into contact with the atmosphete, 
resu Iting in browning of the fruit tissue. Sugar, acid, 
water, and other substances released from damaged 
tissue provide a good source of food for microorganisms 
to grow rapidly. These materials should be rinsed off 
with clean water; 200-300 ppm chlorine solution is rec
ommended for this purpose. Rinsing water is removed 
by centrifugation in minimally processed vegetables, but 
too strong centrifugation will also desiccate the com
modity (Bolin et al. 1977; Bolin and Huxsoll 1991 b). For 
the soft fruit tissue, water might be removed using a fan. 
A conveyer belt is essential for rinsing and drying mini
mally processed fruits. 

Besides the leakage of substances, metabolic pro
cesses of minimally processed fruit also change to cope 
with the new environment (Rolle and Chism 1987). 
Respiration and ethylene production rate may increase 
reflecting the defence mechanisms triggered by the 
wounding. The defence mechanisms include the syn
thesis of new compounds that serve as antimicrobial 
agents, the lignification of the cells adjacent to the 
wound, and the formation of new cell layers to heal the 
wound. With all these responses to minimal processing, 



it is obvious that proccssing should bc done very care
fully. The knife used must be sharp. Bolin et al. (1977) 
and Bolin and Huxsoll ( 1991 b) reported that a dull knife 
damages more tissue and results in faster deterioration 
of shredded lettuce. Bruised fruit should also be 
removed, and not used for minimal processing (Huxsoll 
and Bolin 1989) 

To prevent browning reaction, sulfites have been used 
in the past; e.g. in apple (Ponting et al. 1972). Ascorbic 
acid can also be used together with sodium bisulfite with 
very satisfactory results on apple slices, reducing the 
need for sulfites by as much as 90% (Borenstein 1987). 
However, use of sulfite for this purpose is no longer 
permitted at least in the USA (Anon. 1986). The use of 
alternatives has been attempted. Ascorbic acid-2-
phosphate was reported to be effective in preventing 
browning of peeled potato and apple (Sapers et al. 1989; 
Sapers and Miller 1992). It may also prove effective 
with minimally processed fruits. 

Lignification of wounded tissue might cause cus
tomer rejection. For example, cut carrot sticks devel
oped a whitish appearance due to lignin formation on 
their peeled surface, after a few days in storage. A 30 
second dip with 2% eitric acid retarded the formation of 
the material without flavour changes (Bolin and Huxsoll 
1991 a). 

To prevent microbial growth on the surface of mini
mally processed fruits, a combination of temperature 
and atmospheric manipulation and chemical application 
are needed. Temperature should be kept as low as pos
sible even before processing. The atmosphere surround
ing the tissue should have low oxygen to inhibit growth 
of aerobic microbes, but anaerobic organisms still sur
vive. High carbon dioxide and carbon monoxide is used 
in the shipment of strawberry and shredded lettuce to 
retard the growth of microorganism. However, the fore
most step in preventing contamination is that the fruit 
must be cleaned before being processed. Food additives 
such as benzoate and sorbate have been attempted with 
limited success (Robinson and Hill 1959; Poomchai 
1988; Heaton et al. 1969) 

Fruits of pH lower than 4.6 are quite free from bacte
ria even though acidgrowing microorganism such as 
fungi could still proliferate. Organic acids such as citric 
acid can be added to the surfaee of fruits containing low 
acid by dipping in the acid solution for a few minutes to 
reduce the pH of the surface tissue (Powrie et al. 1990; 
Juliot et al. 1989). Other non-thermal processes to con
trol microorganisms are being developed in various 
laboratories (Mertens and Knorr 1(92). Although none 
is applicable at the present time, intense light pulses (UV 
+ infrared) show promise. 

Packaging 

Minimally processed fruits must be carefully pro-
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tected since their natural protection has been removed. It 
is common practice for minimally processed products to 
be packaged in plastic bags, on cling-wrapped styro
foam trays or in clear plastic baskets with lids so that the 
product can be displayed as well as stored or trans
ported. One very important step before packaging 
(McGlasson 1992) is that the produce must be cooled 
before being packaged, to avoid condensation under
neath the plastic overwrapping. 

Selection of plastic for minimally processed fruit is 
very important, since the package will create specific 
atmospheres around the produce. It is generally 
accepted that the packaging material should provide 
enough gas exchange to minimise aerobic respiration 
and avoid anaerobic respiration. Under this condition, 
fruit tissues arc kept at minimum metabolic activity 
without the development of off-flavour. (Brody 1992; 
McGlasson 1992). The anaerobic compensation point of 
minimally processed fruit should be determined so that 
the selection of plastic for packaging is made easier. 
Leshuk and Salve it (1990) describe a rapid method to 
determine the anaerobic compensation point of plant 
tissue. PVC plastic film is usually suitable for this pur
pose, but also allows relatively easy passage of water 
vapour. Polyethylene film is not suitable because of its 
low gas and water vapour permeability. However, pol
yethylene film can also be perforated to provide the 
required gas exchange. Polyethylene film can also be 
manufactured from a mixture of polyethylene and 6-
18% ethylene vinyl acetate to provide relatively high 
gas but low water vapour permeability (Barmore 1987). 
However, one must keep in mind that there is no plastic 
that can keep pace, in terms of gas exchange pioperties, 
with the changing metabolic condition of the produce 
inside (McGlasson 1(92). In addition, commercial 
packaging almost always contains gaps or holes espe
cially at the sealing edge. These allow gas exchanges 
that may be more significant than gas permeation 
through the plastic itself (Brody 1992). 

Plastic film could also be impregnated with chemicals 
such as ethylene absorbent and fungicide that help 
lengthen storage life of fruits and vegetables. Much 
attention has focused on improving the properties of 
plastics to lengthen storage life but little attention has 
been paid to the possible contamination of products by 
plastics. The adjuvant, the adhesive or even the polymer 
itself could contaminate the produce directly or by reac
tions between the plastic polymer or its components and 
substances from fruit tissues (Ronk et al. 1989). 

Powrie et al. (1990) patented a procedure to preserve 
cut and segmented fresh fruit pieces. Their invention 
used plastic pouches with very low gas and water 
vapour pemleability. Fresh fruits were prepared and 
packaged in these plastic pouches then flushed with gas 
containing 10-50% oxygen, a few percentages of inert 
gases and the rest nitrogen. The pouches were sealed 



and quickly cooled to 1°C. Under these conditions the 
inventors claim that the CO2 build up from aerobic res
piration at the beginning would prevent anaerobic res
piration. The cold shock also helped induce 
mechanisms against tissue deterioration. As a result, 
fresh fruit pieces could be stored up to 4 months with 
little loss in aroma and flavour, and no off-flavours and 
microbial growth detectable. However, no scientific 
evidence was given to support their claim. In addition, 
their technique may not reach commercial practice, 
since temperature fluctuations during transportation and 
distribution are quite high and may change all the con
ditions suitable for storage of fruit pieces. Hence, shelf 
life may be very limited. 

Storage condition 

Temperature is the most important factor governing 
the storage life of fruits. The lowest temperature that 
will not damage fruit tissue should be employed. For 
tropical fruit, minimum temperatures are 1001SoC, 
below which chilling injury symptoms usually develop. 
However, it has been demonstrated on many occasions 
that peeled fruit can tolerate lower temperatures. For 
example, Praditduang (1986) and Boonchenn and 
Siriphanich (1991) reported that durian pulp could be 
stored for 6-8 weeks at 4-SoC while intact durian 
developed chilling symptoms in a few days below IS°C. 
Powrie et al. (1990) claimed that fresh pieces of mango, 
pineapple, papaya, and tangerine could be store at 1°C 
with their technique for up to 4 months while intact 
fruits lasted only a few weeks. The reason that peeled 
tissues tolerated lower temperatures may have been 
because they were usually already at the fully ripe stage, 
while the intact fruit might be mature but not yet ripe. 
Ripe fruit has been known to tolerate lower temperature 
than unripe fruit since the work by Kosiyachinda and 
Young (1976). The peel of fruits might also be naturally 
more susceptible to chilling injury than the pulp. The 
difference in atmospheric composition around the pulp 
tissue may also influence chilling susceptibility. 

Nevertheless, most of the studies on minimally pro
cessed fruit have been made at a laboratory scale and 
rarely under simulated commercial conditions. In the 
real world circumstances are quite different. Fruit 
obtained is not so fresh, clean or unifonn as that used in 
the laboratory. Time for preparation might take longer. 
Temperature fluctuations will be much higher, particu
larly at the end of the marketing chain where handlers 
are concerned more with cost cutting than with keeping 
fruits at optimum temperatures. Hence, simulation stud
ies must be undertaken. 

Health hazards 

There have been reports of illness or even death due 
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to, or associated with, the consumption of minimally 
processed fruit and vegetables. An outbreak of shigello
sis in Texas involving 347 people was traced to the con
sumption of shredded lettuce contaminated with 
Shigella sonnei probably transmitted from a food hander 
(Davis et al. 1988). Another incident, due to surface 
contamination of melon by Salmonella chester resulted 
in two deaths (Ries et al. 1990). After the investigation, 
the US-FDA instructed retailers to wash all melons with 
chlorinated water before cutting, to keep the cut melon 
below 4soF (70C), and not to display for more than 2 
hours after cutting (Madden 1992). 

These tragedies were the result of postharvest tech
nology taking the storage period of fruit and vegetables 
beyond their nonnal shelf lives. Under optimum storage 
conditions, plant pathogens which normally serve as 
organoleptic warnings to the consumer were suppressed 
or eliminated. This condition allowed uncommon 
microorganisms including human pathogens to prolife
rate and produce toxins. The microorganisms of concern 
included Salmonella, Clostridium, Listeria, and Shigella 
as well as a virus and a parasite. The appearance of Sal
monella has been reported in cantaloupe and tomato, 
Clostridium in tomato (but not found to be health haz
ardous), and Listeria in tomato, asparagus and cabbage 
(Brackett 1987; Doyle 1990; Hotchkiss et al. 1992; 
Hotchkiss and Banco 1992; Saguy 1992). 

Since bacteria usually could not grow at pHs below 
4.6, it seems that fruits with pH lower than 4.6 are safe 
from contamination by human pathogen. However, it 
must be pointed out that, after any rinsing, the pH of the 
cut surface might be higher than 4.6 because the acidic 
solution has been washed out. Pathogenic bacteria may 
survive on this surface. There have been reports that 
Clostridium botulinum could survive on intact but not on 
chopped tomato (ph below 4.S); and that Listeria mono
cytogenes could survive on both intact and chopped 
tomato (Hotchkiss et al. 1992). However, they pose no 
danger to the consumer since tomato is not a good sub
strate for them. Their population remained low and no 
toxin was found (Beuchat and Brackett 1991). Of the 
minimally processed tropical fruits discussed in this 
paper, durian, papaya and jackfruit have pHs above 4.6 
(Table 2). Their preparation must thus be exceptionally 
clean to prevent contamination by the aforementioned 
pathogens. Mangostoeen, pineapple, and pummelo are 
relatively safe since their pHs are about 3. Young coco-

Table 2. The pH of some tropical fruits. 

Durian 
lackfruit 
Mangosteen 
Pineapple 
Papaya 
Pummelo 

6.7 
4.6--5.2 
3.0-3.2 
3.5-4.0 

5.3 
3.7-3.8 



nut has its hard shell to serve as a natural protection. To 
protect the consumer from illness due to the consump
tion of contaminated produce, Hazard Analysis and 
Critical Control Point (HACCP) procedures must be 
adopted for minimal processing of tropical fruit. All 
steps in the preparation should be outlincd, critical Iv 
evaluated to find critical points at which contaminatio~ 
might occur. and changes made to avoid contamination 
implemented in routine procedures (Corlett 19X9). 
However, one must be aware that temperature abuse is 
common and can jeopardise all crforts to produce safe 
and sound minimally processed fruits. 

Concluding remarks 

Fruits are minimally processed in response to the con
sumer demand for convenience foods. The need for 
tropical fruits to be minimally proccssed is greater than 
subtropical or temperate fruits because of their large 
size, difficulty in peeling. and other factors. Minimallv 
processed tropical fruit could become an importa~t 
sector in the fruit industry in the future. Little research 
and development has been done in this field. Basic 
information on the physiology of minimally processed 
tropical fruit is available only for durian and pineapple. 
This does indicate however, that minimally processed 
fruits behave differently from intact fruits. Much has yet 
to be learnt. Preparatory techniques also need improve
ment to minimise injury and to avoid contamination. 
Packaging and storage conditions need to be detirmined 
for each commodity, in order to achieve highest quality 
and longest shelf life. The issue of safety of minimally 
processed fruit must be taken seriously since even a 
minor mistake could lead to disaster and the demise of 
an emerging industry. 
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Harvesting, Processing, and Transportation
Session Summary 

Chaimlan: Mr Abdullah Hassan, MARDI, Malaysia 
Rapporteur: Dr Daryl Joyce, CSIRO, Australia 

TillS session commenced, appropriately, with an overview on the subject of when to 
harvest. Dr Amos Blumenfeld pointed out that harvesting at the correct maturity can 
dctemline whether the grower gains or loses financially. In this regard, a market-driven 
approach to the detemlination of optimum harvest maturity was suggested. Key 
detenninants of price for, or more specifically income from, any particular crop should be 
identified in line with this objective. 

Mr Clive Murray then considered packhouse operations with a view to increasing 
returns. It was suggested that four important objectives arc to: 
I. increase the price: 
2. decrease the cost; 
3. increase demand: and 
4. improve handling skills and systems for the product. 

The need to tai lor packhouse operations for specific products, and the benefits associated 
with mechanisation were discussed. 

With regard to handling systems, Dr Connie Lizada considered those appropriate to the 
region. Important criteria include: 
1. docs it work? 
2. docs it pay? and 
3. is it acceptable? 

The importance of support infrastructure, relevant policy, and market information was 
promoted. It was concluded that improved fruit-handling systems must be developed in 
collaboration with those groups with vested interests, including growers, handlers, and 
traders. 

In furthering the plea for better handling of harvested horticultural produce, Dr David 
Hilton described various types of physical injuries that commodities may suffer. Modem 
methods for monitoring physical injury were exampled (for instance, the instrumented 
sphere), and means for minimising such injuries were presented (for instance, air-bag truck 
suspension). An case was made for integration of concern about physical injury into total 
quality management (TQM) systems for the various commodities. 

Finally in this session, Dr Jingtair Siriphanich described many advantages of minimal 
processing for fruits. It was suggested that rapid growth in this aspect of postharvest 
horticulture is i nev i tab Ie. Examples were gi ven of minimal processing of duri an. jackfru i t, 
and pomello, to name a few. In conclusion, Dr Jingtair pointed out that care has to be 
exercised in the development of minimal processing in order to avoid problems associated 
with wounding, desiccation, microbial breakdown, and the promotion of ripening and 
senescence. 

This was a comprehensive session, and the topics were well presented and thought 
provoking. 
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Postharvest Diseases and Disorders 



Control of Postharvest Diseases of Tropical Fruits: 
Challenges for the 21st Century 

Greg I. Johnson* and Somsiri Sangchotet 

Abstract 

The fungal pathogens that attack tropical fmit appear to be non-selective in their choice of host. As a consequence, 
basic information about the biology and control of tropical fmit pathogens may be broadly applicable to a range 
of commodities. However, all the pathogens do not cause serious losses in all the fruit. Inter- and intra-generic 
differcnces in susceptibility of fmit to the major pathogens depend upon a range of host defences, as well as the 
availability of inoculum and ecological niche requirements. Definition ofthcsc factors is necessary for successful 
postharvest disease control. 

The challenges for the 21 st century are to increasc storage life and extcnd the period of freedom-from-disease 
beyond the stage of optimum eating quality. Rescarchcrs on tropical fruits face greater obstacles than their col
leagues working on temperate fruit. There are fewcr of them, working in an information vacuum, with much 
greater evolutionary gaps between the existing and the desired fruit attributes, such as disease resistance and 
length of storage life. Opportunities to reduce disease losses and extend storage life need to be exploitcd to the full 
as they accme from increasing knowledge of fruit and pathogen biology, from harnessing the bene tits of molec
ular biology, and from improving handling, storage, and transportation technology, 

FRUITS are designed by nature to nurture and protect the 
developing seed, Fruits have evolved effective mecha
nisms to prevent or restrict pathogen invasion and/or 
disease development during seed ontogeny, Once the 
seeds are mature the fruits may aid in seed dispersal by 
ripening, changing their appearance, chemical compo
sition, and structure to become more attractive and pal
atable to seed dispersers, In temperate fruits, the 
evolution of specific secondary chemical patterns 
during ripening could have resulted from the need to 
provide enticing, nutritious, and non-toxic pulp for dis
persers, while discouraging non-disperser fructivores, 
including seed predators and microorganisms that could 
affect seed viability (Cipollini and Stiles 1992), Fruit 
morphology could also reflect this need. 

Similar selection criteria would apply in the evolution 
of tropical fruit species, However, an ability to survive 
cold (freezing) winters would not. Unlike seeds of tem
perate fruit which may overwinter before emerging, 
maturation of many tropical fruits coincides with the 
rainy season so that their seeds can disperse, germinate, 
and grow into seedlings before the onset of the dry 

* CSIRO Division of Horticulture, 306 CarnlOdy Rd, St Lucia, 
Quecnsland 4067, Austraiia. 

t Plant Pathology Department, Kasetsart University, Chatu
chak, Bangkok, 10900, Thailand. 
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season, For gennination and establishment, the mature 
seeds need to be liberated from encasing flesh quickly, 
The rapid ripening and senescence of tropical fruits are 
a reflection of the need to quickly transfornl unpalatable, 
impenetrable, germination-inhibiting tissue into palat
able, soft, germination-encouraging tissue. The fructi
vores which consume flesh. leaving sceds intact and 
viable, facilitate seed liberation and dispersal. Microor
ganisms that attack flesh but not seeds also aid seed 
release and could also discourage seed predators 
(Wick law 1988; Borowicz 1988; Buchholz and Levey 
1990). The spectra of fungi that attack temperate and 
tropical fruits respectively (e.g. Sofryfis and Monilinia 
vs. Collefotrichum and Botryosphaeria) could reflect 
the influences of contrasting climates on dispersal and 
survival strategies of the respective hosts. fructivores, 
and pathogens in the two regions. 

A balance frequently evolves which allows seed 
development and dispersal and regulates sustenance of 
fructivores and microorganisms. For the human fructi
vore, the balance requires adjustment. favouring fruit 
production and human consumption over (i) seed pro
duction, (ii) fruit consumption and dispersal by other 
fructivores, and (iii) the provision of substrates for 
decay. 

Over the last two centuries, this balance has been 
shifted by selective plant breeding, improvements in 



agronomic practices, handling and marketing technolo
gies. and the introduction of pre- and postharvest disease 
and insect control strategies. Regional freedom from 
pests as a result of quarantine isolation has also elimi
nated the need for specific control measures against the 
excluded pests in the pest-free region. 

Human involvement in the selection from primitive 
ancestors of the fruits that we consume today would 
have been to favour thick flesh, thin rind, small seeds, 
low levels of unpleasant tasting chemicals, early bear
ing, high yields, and good taste. and not necessarily dis
ease resistance. Decayed fruit would be discarded and 
the seed dispersed, while healthy fruit, and possibly the 
seed, consumed. Early selection for disease resistance 
could have occurred by favouring palatability at the 
mature-green stage, before pathogen defence mecha
nisms broke down, rather than extension of defence 
mechanism activity past the full-ripe stage. 

Steps in the development of current disease control 
recommendations have included: 
• determination and documentation of the microorgan

isms involved and the environmental and host faciors 
that facilitate development and spread of fruit patho
gens; 

• the introduction of field management practices and 
fungicide treatments and postharvest disinfectant, 
fungicide and heat treatments to eradicate or prevent 
infections; and 

• the utilisation of sturdy packaging, swift transporta
tion and refrigerated storage to maximise fruit vitality 
and temporal disease resistance. 
Modem marketing of fruit has arisen as a conse

quence of the improvements in packaging, transporta
tion, storage, and disease control methods. In some 
cases the 'capture' of consumers has been achieved and 
maintained by the implementation of quality Assurance 
Programs. What is the consumer conception of Quality" 
Consumers rate fruit quality in terms of appearance, l1a
vour, texture, durability, and increasingly, freedom from 
chemicals. 

The Challenge 

In this last decade of the twentieth century we are faced 
with the challenge of increasing the storage life of fruit 
to extend export prospects and satisfy the demands of 
'once-a-week-shoppers'. At the same time, socio
economic pressures and the emergence of fungicide
resistant strains of pathogens are reducing opportunitics 
to devise fungicide-based control strategies. There is an 
urgent need to to develop alternatives to fungicides that 
do not compromise community expectations of fruit 
quality. This paper discusses some of the options. 

While the tropics produce a remarkable diversity of 
fruit, relatively few (those that store and transport 
easily) have become widely known by consumers living 
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in temperate climates. Until recently the 'orphan' com
modities, those that don't store and transport well, have 
not received the attention they deserve from exporters, 
importers, and scientists (Persley 19X9). Disease, 
together with rapid ripening, are the major limiting fac
tors to successful marketing of tropical fruit to temperate 
regions. Losses may occur in spite of the usc of cooi
chain handling and provision of adequate transportation 
systems (Cappellini and Ceponis 1984). 

For many fruits, basic information such as the causes 
of disease losses is poorly documented, and recommen
dations for effective disease control arc inadequate. 
Postharvest losses in fruit and vegetables from all causes 
have been estimated at 20-4()'lr. in tropical countries, 
with individual commodity losses in less developed 
countries ranging from 20'k for apples to 4090'j( for 
papaya (Daniels 1990). Unfortunately, data collected at 
the wholesale market indicates only a portion of total 
losses. Although disease losses in mangoes in the New 
York markets over a 14-year period were low. with less 
than 10% of fruit affected in most consignments (Cap
pellini and Ceponis 19X8b), the data rellect the fact that 
mangoes are generally marketed mature but unripe. 
Greater losses may occur in the retail and domestic sec
tors. 

Looking to the future. we need to determine: which 
postharvest diseases occur on many tropical fruits; how 
genetically diverse are the species of microorganisms 
that attack those fruits. and how closely are they related 
to temperate fruit isolates and others of the same species; 
and how do the pathogens infect the fruits, what regu
lates pathogen quiescence. and what factors affect the 
interplay between fruit, fructosphere microllora, envi
ronment, and disease'l Accumulation of this knowledge 
must underpin the development of control measures. 

Know Your Enemy 

Correct identification of the causal pathogen is the key 
to published information which can provide the basis of 
control strategies. Table I lists the genera of postharvest 
pathogens and their tropical and subtropical host fami
lies. Of the pathogens listed, the fungi causing anthrac
nose (Coiietotrichum spp.) and stem-end rot 
(Holryosl'haeria spp. and /)iaporthe spp. and their ana
morphs) are the major causes oj' disease in most sub
tropical and tropical fruit, with pineapple (Ananas 
comosus (L.) Merr.), citrus, and durian (Durio ~ibethi
nus Murr.) being notable exceptions. For the aforemen
tioned fruit, water blister caused by Thieiaviopsis 
paradoxa (de Seyn.) Hoehn, green and blue mould 
caused by Penicilliul1l spp., and phytophthora fruit rot 
caused by Phytophthora paimivora (Butler) Butler are 
the most serious fruit diseases. In addition, transit rot 
caused by Rhi~opus spp. and yeasty rot caused by Geo
trichum candidum Link are sporadically serious on 



Table 1. A host list of pathogens of tropical and subtropical fruit. 

Pathogen genus 
(*tcleomorph/* * anamorph) 

Major fungal pathogens 

• Alternaria** Q 

• Botryosl'hacria* 
Lasiodil'lodia** W/Q 
Dothiorella** Q 
Fusico('culII** Q 

• Cera(()cystis*IThielal'ioj,.lis* * W 

• Dial'orthe*; PllOmOl'sis**Q 

• Geotrichum** W 
• Glomerel/a*IColietotrichulII"Q 

Rutaceae, Sapindaceac. Solanaceae 
• Penicillium** W 

• Phytol'hthora QiP 

• Rhi;.ol'llS W 

• Botryotinia*lBotrytis** Q/P 

Minor fungal pathogens 

• AsperisporiulII P 
• Asperl<illus** W 

C/adosporium** Q 
Corynespora P 
CylindrocJadium** P 
Deil<htoniel/a P 
DidYl1lella*IAscochyta** Q 
E/sinoc*iSphace/oma** P 
Fusarium** P/W 

Gliocepha/otrichllm W 
Guil<nardia*ll'hyl/osticta** P 
Macropholllina** W 
MucorW 
Mycosphaerella* 
;Cercospora** P or 
IPselidocercosportl** P 
NiRrospora** W 
PeronophytilOra W 
Pcstalotiopsis Q 
Phoma** Q 
Powdery mildews P 

Host family 

• Anacardiaecae, Caricaceae, Cucurbitaceae, Ebonaceae, Lauraceae, Musaccac. 
Oxalidaccac. i'assitloraceac, RlItaceae, Sapindaceae, Solanaceae 

• Anacardiaccae, Annonaccac. Bombacaceae, Bromeliaceae, Rosaceae, 
Caricaccae, Cucurhitaceac, Guttiferae ,Lauraceae, Moraceae, Musaceae. 
Myrtaccae, Oxalidaccac. Rutaceae, Sapindaceae. Sapotaceae 

llromcliaccae , Cucurbitaceae, Musaccac, Myrtaccac 
• Anacardaceae, Annonaceae, Caricaceac. Cucurbitaceae. Guttifcrae, Lauraceae, 

Mlisaccae, Oxalidacl'ac, Passitloraccae. Punicaccac. Rlitaceal', Sapindaceae, 
Sapotaceae, Solanaceae 
RUlaceae, Sapindaceae, Solanaceae 
Anacardiaceae. Annonaceae. Hombacaceae. Caricaceae, Cucurbitaceae, 
Lauraceae, Moraceal'. Musaceae, Myrtacl'ae. Oxalidaceae. Passitloraccae, 

Anacardaccac, Hromcliaccac, Cucurhitaccac. Ebonaccac. Lauraceae, Moraccal'. 
Passitloraceae, Rlitaceae, Sapindaceae, Solanaceae 
Anacardiaceae, Annonaceac, Bombaeaccac, Caricaceae, Cucurbitaccae, 
Lauraccal', Moraccae, Musaccac,Myrtaccae, Passitloraccac, Punicaccae, Rutaceae, 
Sapotaceac, Solanaceae 

• Anacardiaceae, Annonaccac, Bombacaceae, Bromeliaceae, Caricaceae, 
Cucllrbitaccae, Ebonaceae, Lauraceae, Moraceae, Musaceae, Myrtaccac. 
Passitloraceae, Punicaceae. Rlitaceae, Sapindaceae, Solanaceae 

• Anacardiaccae. Cucurhitaccac. Ebonaceae, Moraceal', Musaceac, Myrtaceae, 
Punicaceal', Solanaceae 

Caricaceae 
Anacardiaceac, Bromcliaceae, Caricaceac, Cucurbitaccac. Ebonaceae, 
Myrtaceae, Punicaceae, Rutaceae. Sapindaccae, Sapotaccae, Solanaceae 
Caricaceae, Cucurbitaccac, Ebonaccac. Oxalidaceac. Palmac, Passitloraceac 
Caricaccac 
Annonaceal', M yrtaceae 
Musaceae 
Caricaceae, Clicurbitaccac 
Anacardiaceae. Lallraceae, Rutaceae 
Bromeliaccac, Caricaceae, Cucurbitaceae, Moraceae, Musaceae, Myrtaccae. 
Passitloraccae, Rulaceae. Solanaceae 

• Sapindaceac 
• Anacardiaceae. Rutaccac, Mllsaceae, Myrtaceae 
• Cucurbitaceae 
• Anacardiaceae, Hombacacl'ac, Cucurbitaceae, Ebonaceae 
• Annonaceae, Caricaceae, Lauraceae. Musaceae, RlItaceae 

Musaccae 
Sapindaceae 
Aflacardiaccac, Lauraccae, MYl1accac, i'llnicaccac. Sapindaccae, Sapotaceae 
Caricaceae, Cucurbitaceac, Myrtaccac, Punicaceae, Sapindaceae. Solanaceae 
Anacardiaceae. Caricaccac 

Continued on next page. 
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Table I. Cont'd. 

Pathogen genus 
(*teleomorph/**anamorph) 

Host family 

·Pythium W • Cu("urbitaceae. Solanaceae 
• Rhi:octonia** W • Cucurbitaceac, Solanaceae 
• Sclerotium** W • B01l1bacaceae, Cucurbitaceae, Myrtaceae, Solanaceae 
• Septoria** P • Passifloraceae. Rutaccac 
• Stemphylium** Q 
• 7hyronectria*/Stilbella** W 

• Anacardiaceae. Caricaceac. Cucurbitaceae. Solanaceae 
Lauraccac 

• Trichuthecium W Annonaceae, Caricaceae. Cucurhitaccae. Lauraceae. Musaceae, Rutaceae. 
Solanaceae 

• Verticillium** Q Musaceae 

Bacterial pathogens 

• Enlerubacter W Caricaceae 
• ErwiniaW • Bro1l1eliaceae. Caricaceae. Cucurbitaceae. Lauraccac, Myrtaceae. Solanaceae 
• Pseudomonas P • Bro1l1c1iaceae. Cucurbitaceae, Lallraccae. Solanaceae 
• XanthonlOnas P Anacardiaceae. Cucurbitaceae, Mlisaccae. Passitloraceac. Rutaceac. Solanaceae 

Q ~ quiescent infection; W ~ wound infection; P ~ preharvest symptoms produced. (Simmonds 1966; Cook 1'175. Snowdon 1990; Persley 199.1) 

some fruit. Table 2 lists key references describing the 
postharvest diseases of some tropical and subtropical 
fruit and/or the losses they cause. while Table 3 lists key 
references to the pathogen genera regardless of the host 
involved. Such information can be extrapolated to 
develop disease control strategies for less known 
(researched) fruit. 

One deficiency of some published research on tropi
cal fruit has been failure to identify the causes of the 
'diseases' which have been assessed. For example. 
without confirmatory isolations. stem-end anthracnose 
caused by Colletolrichum spp. could be confused or 
included in ratings with stem-end rot lesions of similar 
appearance caused by La.liodiplodia thco/Jromae (Pat.) 
Griff. & Maubl. and f)oliIiorclla spp., making it impos
sible to interpret treatment differences. Johnson and 
Coates (1993) note that misidentification of pathogens 
may exacerbate the problem. L. theobromae and Dothi
orella spp. have similar mycelial growth habits, and L. 
lheobromae sporulates earlier, and more reliably in cul
ture than Dothiorella spp., so that while both genera can 
be associated with lesions, only the former may be rec
ognised. Molecular based identification procedures and 
other rapid tests similar to those widely available for 
bacterial genera would reduce such mistakes (Bailey 
and Thompson 1992). 

For example, lectin cytochemistry may be useful for 
identification of fungal fruit pathogens. O'Connell el al. 
(1992) concluded that lectin cytochemistry revealed dif
ferences in the surface carbohydrate of conidia of Co/le
totrichum spp. that correlated well with differences in 
morphology, host specificity, and mode of infection, and 
as such had potential for disease diagnosis. However, 
they also noted that results could be difficult to interpret. 
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Molecular biology 

Molecular analysis of both the pathogens and the fruit 
species they attack will provide information on species 
variabi Iity and the genetic basis of infection, pathoge
nicity. and host resistance. Mills et al. (1992) reported 
that avocado and papaya isolates of Colletolrichum 
gloeosporioide.1 (Pet1Z.) Penz. & Sacco from around the 
world produced a number of restriction fragment length 
polymorphisrns (RFLPs) when probed with an rONA 
clone, while no variation was apparent amongst mango 
isolates from around the world. Polymerase chain reac
tion (PCR) amplification of internal transcribed spacer 
(ITS) and intergenic spacer (lGS) regions of the rONA 
genes produced similar results: limited variation 
amongst mango isolates compared with extensive vari
ation amongst avocado and papaya isolates (Mills et al. 
1992). The results may reflect the fact that mycelium of 
C. gloeosporioides was distributed easily along with 
large-seeded mango (Johnson et al. 1993b) or mango 
bud wood, while simultaneous distribution with papaya 
and avocado seed did not occur so readily. 

Dispersal by water- or air-borne conidial inoculum 
rather than by seed-borne or budwood-borne hyphae 
may lead to more rapid genetic divergence in a patho
gen. Alahakoon et al. (1992) demonstrated the ease with 
whieh a genetic variant within C. gloeosporioides iso
lates (pathogenic on nungo) could be obtained using 
single conidium isolates and another host (tomato). 
Pathogen diversity could also re!lect multiple centres of 
origin of the avocado and papaya varieties of com
merce, and/or their associated strains of C. gloeospori
oides, as appears to be the case with the pasture 
legumes, Stylosanthes spp., and associated isolates of 
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Table 2. Diseases of tmpical and suotropical fruit: recent reviews or assessments of loss 

Host - Genus - Minimum storage tempt'raturc" 
for unripe fruit. cC and time 

Avocado - Pasca - 5-12 for 2-4 weeks 
Banana - Mlisa - 15 for 2-4 weeks) 
Breadfruit -Artucarpus - UfoI' 1-3 weeks 
Carambola - A ,'errhoa - 10 for 3-) weeks 
Cherillloya - Annona - 12--20 for 2-,' weeks 
Citrus - Citrus - varies from 4--14 for 2-12 weeks 
depending on species (Kader and Arpaia 1992) 
Coconut - Cocos - 25 for I week: 
date Phoenix - 0 for 1-2 months 
Durian - Durio- 15 for 2 weeks 
Guava - Psidilllll - 7-10 for 2 weeks 
Jackfruit - ArtocorplIs - 15 for 2 weeks 
Longan - t'lip/wria - 10 for 2 weeks 
Lyehcc - Litchi - 5 for 2 weeks 
Mango -- Mllnglji'ro - 13 for 2 weeks 

Mangosteen - C;urcinia - 13 for 4 weeks 
ML'ion - CII<'IlIlIis - 5 for -' weeks: Citrullus - I (f--15 
for 2-3 \\ eeb 
Papaya - Carica - I (f- 15 for 2-3 weeks 

Passionfruit - Pa.ssij/O((l -- 6-10 for 3-5 weeks 
Pineapple - :\11111111.1 - 15 for 2-4 weeks 
Pomegranate - PUllico - 5 for.i Inonths 
Ramhutan - Sc/,hcliwlI 10 for 2 weeks 
Roseapple. I.illipilli Fugcil/o, Sy;giulIl 
Sapodilla - :v!onilk"ro 

~l Tt"mperallllc:' !i"ted are a guide only. Also "ee Kader. the"L' proc('cJing" 

Host family 

LauraCt:'ac 
;vlusaccac 
Moraceae 
Oxalidaeeae 
Annonac('ae 
Rutaeeae 

Arecaceal' 

Bombacacl'ac 
Myrtaceae 
Moraceac 
Sapindacc(lc 
Sapindaceae 
Anacardiaccae 

Guttiferae 
Cucurhitaceac 

Caricaceae 

Passitloraceae 
Bron1cliaccdl' 
Punicaceae 
Sapindaceac 
Myrtaceae 
Sapotaceac 
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Cappdlini and Ceponis 19~5h: SnO\\ dun 1990: Persley 19'J.': Ploetz Cl ai, 199,' 
Wardlaw 1972: Siahaugh and Grov,~ 1982, Sno\\c!on 1990: Persley 199.' 
Thompson et al. 1974: Snowdon 19l)() 
Johnson et al. 1992: Persley 1993 
Purss 1953: Persley 1993 
Cook 1975: Ceponis ct al. 19x6a: Whiteside ct al. 1988: Snowdon 1990: I'l'Islc) 
1993 
Cook 1975: Snowdon 1c)9() 

Lim 1990 
Lim and Khoo 1990: Snowdon 1990 

I,onsdaic 1988: Johnson 1989: Snowdon 1990 
Lim and Khoo 1985: Prakash and Srivastava 1987: Cappcllini and Ceponis I9f:Rh: 
Johnson 1989: Johnson 1992: I'loel! et al. 199" 
Snowc!on 1990 
Ceponis t't al. 1986h: Snowdon I l)9(), 1992: Persley 1993 

Alvaro and t\ishiJima lSiS7: Carpellmi and Ccponi, 19S8a: Snowdon 1990: 
Persley 199" 
Inch 19n: Snowdon 1990: Persley IlJ9, 
CappL'ilini and Ceponis 1988b: Snuwdol1 1900: Persley 1993 
Sfl('" don I 9 l)() 

Vis:lrathanonlh and lIag 1987: Persley 1993 

Co"k 1')75: Sn(\wcion 1990 



Table 3. i\lajor gl'lllTa of fungi causing postharvest diseases of tropical and subtropical fruit: Key literature references on 
ta\(lnoIllY. genetics. and biology regardless ofho,t(s). and minimumtemperaturc below which fruit isolatcs arc unlikl~ly 
to calise disl..·ase_ 

Gellcra of fungi Minillluill temperature 
(DC) required for disease 

development" 

Rcfercnccsh 

AllCrtl(lria 

A'/>crgi//us 
lI{)lr)'().'j)/l(I('rl(I,' 

f"(!si(J(/i/)/u(/io 
[)(lli!iorcl/u 

FlISi, 'OCClItn 

11(!!,-\,()tilli(1 

/-)()In'fi,\ 

('('ultO(ysli.\ 

1i1inl(iI ;(I/'si.\ 

,\ 

+ 16 
Simmons 1%7, 1976: Ellis 1971 
Raper and Fennell 19(,5: Domsch et al. 19XO: Pitt and Hocking 1%5 
Pcnnycook and Samuels 19'1',5: Ilanil! 1991 

+X 
+2 
+2 

Sulton 19S(): Sivanesan 19:-\-1 
Maas and Uecker 1984 

2 Jarvis 1977: Coley-Smith l'I ai, I lJXO 
Hunt 1956: lIoog and Scheller 19X4 

I) {( 11'1;r f //c .... r 1t()f}](}I)'~ i.\ 
(1I'{I!ridllllJ/ 

+5 
2 

+ 2 
Sutton 19X(): LkcKcT 19XX 

(;/o!Ju'r{ //u,'Co//{'/o/ri( hUIll + 39 
Carmichael 1957: Butler and Petersen 1972: (jueho et al. 19S5 
Sulton 191'0. 1992 

- ') Pitt 1979, I ')XS j)(ni("{//iilfJ' 

fl/n /( In1uliora 

Rl/!:'(lj1u\ 

+10 
o -I 

Waterhouse 196,,: ~cwh(l()k et al. 197'1',: Ho 191'1: GelTctson-(\lrncll I L)S5 
DOlllsch et ai, 19X(): SchirlX'f 19r;4 

.i .\\)I11lll,'f II')S.""). Slilllllll'll'l <.tI \ ) \)().2 1 

~-, (;t'!\t'L:1 n.·lnl'li\.'l'\ I<U""Jlldll cl ,d. (1()S71. Sno\\Jon (1990) 
-=- not klHl\\!1 

C. gincO,ll'(iliuidn (Manners et al. 1992). The lack of 
di"c'rsitY within l11all~() strains could be due as well to 
\t"f~ctaIIVc incompatibility bctwccn mango and othcr 
fruit strains of C. ,~I(lI'()sl'ori()id{'s. 

Know \<Vhcl'e the Foe Comes from and 
How It Arrives 

Ikn'lopl11enl or SUl'l'l'ssful cllntru! strategies depends 
upnll ,ktlTll1ining the !urm of inocululll, how it is spread 
,1'1d Ih' mode 1)1 inil'dion. the times at which infection 
\)lCUrS, the natufl' or the inkction structures formed by 
111l' p:!lh,)gc[1, ,mel the mcchanlsm'; that hosts implement 
t() rl'gulatc p;Jtho~cn invaSion. 

\Ll'I\ P'l'lktf'\l'st pathogen> establish limited inkc
til'l1S \)11 ,)1' helle,dh the cutick. or within the fruit exo
c':Ui'"1 1"'dullc!c\ pcdicl'l. ()f 11 ora I rcmnant tissues at 
am tillle durin!, frUit de\l"lopment. Invasion frequently 
rl'llialn l : rl'stril,tcd by host dcknee mcchanisms until 
altl'r thc' !'nlll :lrl' iliii'\L'o;[ed, wounded. or begin to ripen. 
The phl'1l011l,'1!<111 I limited preharvcst invasiun fol, 
")\\l'd l'I:' pL'r;,),] III quiescelice that extends until fruit 
III:,lturali()n and ripl'Illlli! has bel'l1 rnicwed prC\iously 
(S\\ inbu!Ih.' : 'IS,i: l:;rrics l't :d, ! lI,)O; Prusky and Kecn 
i 'ii),1! Thl' t i!lll' bell,cen initial tntlytinll and disease 
symptoil1 appc:lranlT IS knnwil as tilc latent or quiescent 
[,nh"i iBerger and Bartl, 1')X2; Swinburne 19X3). 

Table! indll'atl's ·",twthl'f fruit path0i!ens arc consili 
l'rl't! to i,mn preharvcst quiescent infections, invade 
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fruit through wounds after harvest. ()I pmduce symp
toms on fruit before harvest. Table 4 lists tlK sourCL'S of 
inoculuill. and modes of transmiSSion and ini'ectillil 1,)[ 
fruit pathogens, Such inf,mnation is host specific and 
can only guide researchers Investigating other husts. 
Dl.strihution of spores by watn or air. and spun' i!ClIlll
nation folhl\lcd by il,),t infection twith and \\ itllllut 
appressmium ]ortnatlon) via direct penetration (If the 
eutll'le. ur entry through stomata. ientlcels, w()ulllh, ()I 

abscission scar tissue arc clllTllll()nly rec()gnised IIlOdl" 
(\f transmission ami infecti"I] lur fruit pathllgL'fb (Kubc, 
and Furusawa 199 I), Ilo'I'e\er. other sourl'CS (If 1Il0(,11-

IUIlI and Ilil)(ics of ink,'ti('fl warrant consideration, 

Endophytic colonisation 

Johnson ct al. ( 199 I. 1992) sh()wed that mango fnllt 
Ilcn: infected abllut (, wceks after flowering by the 
endophytic colonisation of the infloresccncc, pedunck. 
and pedil'Cls of fruit by no/liiorella spp .. l'holl1o/)si,\ 
l!Iun,~'ifem{' Ahmad, and other steill-end rot tungi lUI 

bOUfCd In stem tissue, wher(,~ls L'arill'! L'olonisatlof] ll! 

florai remnants by /)ollii()r('I/n 'PI', rna; han: tal()ulcd 
truitkt abortion. The; speculated that mana2cmcnt Pill 

cedures which slowed c()lonisation \)( the Inflorcsl'Cncc 
and pedicel could redul'c the II1cidcnce III mkctl'd Iwit 
at harvest. and sUi!gested tlnt water strl'SS and low lL'I'l-l-, 
of stmed carbohydratc, c"ltid lavour l'oillnisalilln, It is 
likeh thaI infcctilln of l'Itrus fruit 1)\ stelll end i<lt fungi 



Table 4. Sources of inoculum, modes of transmission and infection for postharvest pathogens of tropical and subtropical fruit. 
(Holliday 1980; Pena and Duncan 1989; Snowdon 1990, Johnson et al. 1992. 1993b). 

Pathogen 

Alternaria 

Aspergillus 

Botryosphaeria 
IDothiorella 
/ Fusicoccum 

Botryotinia 
IBotrytis 

Diaporthe 
/Phomopsis 

Ceotrichum 

Form of inoculum 

conidia 

conidia. hyphae 

ascosporcs 
conidia 
byphae 

ascospores 
conidia 

ascospores 
conidia 
hyphae 

conidia 

Glolllerella ascospore 
Colletotrichulll conidia 

Lasiodiplodia conidia, hyphae 

Penicilliulll conidia. hyphae 

PhytophthoT(l zoospores 
hyphae 

Rhizopus sporangio~spores 

hyphae 

Mode of transmission Mode of infection 

airborne direct 

air~bornc. soil~borne. water~borne wound 

air~borne direct" 
water~borne direct 
hyphal colonisation of inflorescence internal colonisation of pedicel 
(endophytic) 
fruit to fruit contact 
seed~borne hyphae 

airborne 
air~borne 

arthropod~borne 

fruit to fruit 

as for Botryosphaeria 

water~borne, soil~borne. 

fruit to fruit 

air~borne 

water~borne 

arthropod~borne 

seed~borne hyphae 

air~borne, water~borne, soil~borne 

( endophytic'» 

air~borne. water~borne, soil~borne 

fruit to fruit 

water~borne 

soil~borne, fruit to fruit 

air~borne. water~borne, soil~bornc, 

fruit to fruit, mycelium to fruit 

internal colonisation of stems etc. 

necrotic tissue 
necrotic tissue 
colonisation of floral parts 

as for Botryosphaeria 

wound, water or soil/debris 
infiltration 
contact 

direct 

internal colonisation of stems 

wound, colonisation of cut pedicel 
or floral remnants 

wound, water or soil/debris 
infiltration, contact 

direct,wound 

wound, water or soil/debris 
infiltration. contact 

occurs in a similar way. Homma et al. (1989) also 
showed that Phomopsis citri Fawcett causing stem-end 
rot of citrus colonised fruit via the stem and pedicel. 

can be infected by soil-borne inoculum of Phytophthora 
pa/mivora through wounds at the juncture of the spines 
(Pongpisuta and Sangchote, these proceedings), 
although insects and snails may also serve as vectors for 
pathogen on developing fruit (Lim 1990). Soil-borne inoculum 

Johnson et al. ( 1993a) reported that mango fruit could 
also be infected by Lasiodip/odia theobromae causing 
stem~end rot when the fruit were inverted in the soil after 
harvest to drain sap from the fruit. Soil~bome inoculum 
is an important source of infection for fruit diseases 
caused by Phytophthora. Following harvest, durian fruit 
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Other propagules 

Hyphal segments and fragments or colonised host 
tissue may be important additional sources or inoculum 
for many pathogens, particularly those which produce 
melanised hyphae. As well, spores that are generally 



distributed in water may also be distributed in air (e.g. as 
spore tendrils) and other spore fomlS (ascospores, 
chlamydospores) may supplement conidial inoculum. 

Animal vectors 

Animal vectors of pathogens could be an underesti
mated means of inter-tree and inter-orchard dispersal of 
tropical fruit pathogcns. Pena and Duncan (1989) found 
conidia of C. gloeosporioides on the bodies of vinegar 
fly ([)rosophila melanogaslcr L.) and becs (Api.> mel!U: 
era L.), and spcculated that thcy could be involved in 
inter-tree spread of inoculum causing postbloof]l fruit 
drop of lime (Citrus lalijolia). Honeybees have been 
shown to transmit Monilinia vaccinii-corymbosi to 
blueberry flowers (Vaccinium spp.) from sporulating 
lesions that mimicked the UV reflectance pattems of the 
flowers (Batra 1983; Batra and Batra 1985; Batra 1 (87), 
while larval' of thc grape berry moth (Lobesia hOlmna 
Pers.: Fr.) carried viable conidia of Uotrytis cinerea Pers. 
to developing grapes in the field (Fermaud and Le Menn 
1992), leading to postharvest brown rot and grey mould. 
Fruit pathogcns may also be spread in animal (bird, 
rodent, mammal) faeces (Pirozynski and Malloch 
1988). 

Moser et al. (1989) reported that beetle-associated 
mites werc vcctors of blue-stain fungi of the ascomycete 
family Ophiostomataceae \Bridges and Moser 19S6) 
which cause damage to sawn timber and logs. UOlryos
phaeria spp. (and their FusicoccumlDothiorella spp. 
anamorphs) and L. lheobromae which cause stem-end 
rot diseases of tropical fruit are also blue-stain fungi 
(family Botryosphaeriaceae) (J Tierney, personal com
munication; Shaw 1984). 

Ascospores of one blue-stain fungus, Ophiosloma 
minus (Hedgcock) H. & P. Syd., were carried by the 
mites inside a special spore-carrying structure called a 
sporotheca (Moser 1985). Mitcs would be idcal vectors 
for introducing spores of a fungus into spaces (such as 
beneath sepals) that would be less accessible to air- or 
water-borne spores. The role of mites and beetles in thc 
dissemination of stem-end rot and anthracnose patllo
gens has not been examined. However, Grossenbacher 
and Duggar (191 I) noted that a small beetle, Psenocerus 
supernotatus (Say) Le Conte, occurred in blighted canes 
of Rubus vulgare L. and fed on stromata of Botryos
phaeria ribis Gross. and Dugg. (syn. UOlryosphaeria 
doth idea (Moug.) Ces. et. de Not.). Grossenbacher and 
Duggar (1911) also considered that the blighted canes 
were host to the larvae of P. SUpl'r/lOlatus. In adJitioll. 
thc fungi inhabiting galls on several plant hosts in a 
mutualistic association with larvae of ambrosia gall 
midges (family Cecidomyiidae) are probably ana
morphs of BOlryosphaeria. and are transported and 
inoculated into the host by adult midges (Bissett and 
Borkent 1988). 

147 

Floral infection 

McNicol and Williamson (1988) showed that symp
tomless or quiescent infections of black currant flowers 
by B. cinerca could develop when conidia germinated in 
the stigmatic nuid (in the absence of free water) and the 
hyphae spread symptomlessly throughout the style to 
infect the pericarp and the ovule. Dashwood and Fox 
(1988) found that symptomless infections of B. cinerea 
developed in the stamens and gynoecia of raspberry 
!lowers and later initiated the development of grey 
mould in fruit. Infection via floral parts has also bcen 
reported for lv/onilinia taxa on plums (Schagbauer and 
Holz 19(0) and L. theobromac on citrus fruit (Nadel 
1944; Minz 1946). In mangoes, stem-end anthracnose is 
more difficult to control than side lesions caused by the 
same pathogen. This could reflect the presence of 
quiescent infections in tloral scar tissue and endophytic 
infections in the peduncle, but it remains possible that 
additional fruit infections could arise from spores ger
minating in the stigmatic tluid during flowering. with 
hyphae forming quiescent infections at the base of the 
ovary. 

Know Where the Enemy Sleeps 

Adhesion 

Once the pathogen propagulc has arrived on the host, 
it must remain attached until conditions favour infec
tion (usually free water or high (>95%) humidity). 
Thcre is no evidence that fungi share a common adhe
sive compound or common mechanism of adhesion 
(Nicholson and Epstein 1991). A hemicellulose is 
involved in adhesion of Collelo/richum graminico/a 
(Ces.) Wilson (Lapp and Skoropad 19n) and a protein 
or glycoprotein is involved in adherence of Phytoph
Ihom palmivom zoospores (Sing and Bartnicki-Garcia 
1975). Hydrophobic binding may be involved in 
attachment of conidia of Colletolrichum lindemutha
nium (S<1cc. and Magnus) Briosi and Cav. (Young and 
Kauss I ')X·f). Scientists studying attachment mecha
nisms of Actinomyces viscosus, the cause of gingivitis 
and root decay and a major component of plaque on 
human teeth, have found that the enzyme trypsin 
interferes with the mechanism by which A. viscosus 
attaches to teeth, and they arc now evaluating trypsin's 
use in prevention of plaque formation and tooth decay 
(Pain 19')\). Similar simple solutions could arise from 
detemlining adhesion mechanisms for fungal infection 
structures. Treatments which interfere with the mecha
nisms by which fungi attach to their host, could prevent 
or eradicate infections by facilitating the physical 
removal of propagules or infection structures by water, 
gravity, and fructifauna. 



Germination 

Spore germination is the must vulnerable stage in the 
life cycle of many pathogens. Treatments, environmen
tal variables, or host attributes which interfere with ger
mination can significantly reduce the incidence of 
postharvest disease. Hoch and Staples (1991) have 
reviewed several aspects of germination and inrection 
structure rormation. Basic research on the process or 
spore germination and the factors affecting it could 
reduce the need for post-inrection control measures. 

Melanisation 

In addition to depending upon ravourable conditions 
for infection, inoculum which is dispersed within a tree 
externally to the host is prone It) environmental degra
dation, interference from other microm)2Clnisms. and 
consumption by fungivOfes. Mclanisation of spores, 
hyphae, and appressoria pnwidcs protedi,m from UV 
light and may also discourage microbial and fungivore 
threats (Emmett and Parbery 1975; Kubo and Furus,lwa 
1991). Studies on the role and process of mclanisation 
could yield novel control methods. 

Prehanest infection 

Coates and Gowanlock (these proceedings) review 
infection of tropical fruit by C. g/ol'osporiuilics, and 
discuss the formation of the sympttll11les,; quiescent 
structures and limited (restricted) ll'sions ,1Ilder condi
tions of high inoculum pressure. While great cmphash 
has been placed on control strate)2il's to eradicate symp
tomless quiescent structures, there has been less atten
tion to the eradication or visible but arrested lesions 
which represent a greater contml challenge. The threat 
such lesions represent could be lietellnined by the stage 
or fruit development at which they are formed, with 
late-formed arrested lesions more likely to reCClfmnencc 
development during fruit ripening. This may he because 
the extent of periderm formation around the lesion may 
be greatest when infectioIls are initiated during the fruit 
growth stage, and least or absent from lesiOn> initiated 
on mature green fruit, as occurs for infections or apricot 
fruit by Monilillia/ruetieo/a (Winl.) Honey (Jenkins and 
Reinganum 1965; Wade and Cruickshank 1')92). C. 
g/oeosporioides was reisolated from a greater propor
tion of avocados inoculated in the field late. as compared 
with early in their de\Tlopment. (Coates c't al. 1993), 
suggesting that the dneiopmellt of a large'! proportion 
of early infections failed or was I imitcd, possibly in the 
same way as descrihed for M./ructico/l1 on apricot. 

Stem-end infectioIl 

While Johnson et al. (1992) demonstrated endophytic' 
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colonisation or the illnmescence as an important mode 
of infection for mango fruit by Dothiorella dominicana, 
and Peterson (I <)7X) and Darvas et a!. (19X7) showed 
that avocado fruit could be infected by D. aromatiea 
before harvest, the form and location of the quiescent 
infection structures produced were not detennined. 

In detached fruit studies, colonisation by stem-end rot 
fungi (L. theobromae and P. citri) of the peduncle and 
pedicel of citrus fruit was restricted by wouml periderm 
and the cuticle, and the fungi could not enter fruit until 
abscission occurred (Brown and Wilson, 196X). Homma 
and Yamada (1969) reported a similar result from field 
inoculation studies Oil citrus. I'hOfIlO/)sis citri colonised 
the inner tissucs of pedicels via (il scars of defoliation, 
(iil pedicel w()unds and unwounded pedieels, and (iii) 
bearing shoots and branches, and reached the disk at the 
stern-end button via the vascular tissue. P. citri was then 
restricted from entnint! the frtlit by an abscission zone 
barrier (Homma et al. 1 ,)X9). Postharvest treatment with 
the growth hormone 2A-dichlofl1phenoxyacetic acid 
(2A-D) was introduced, to prevent abscission of the 
button and hence the development of stern-end rot 
(Weyer 1969; Eckert and Eak 1989). Halos and Divina
gracia (1970) found that L. thl'obromac could directly 
penetrate the cutiele or invade the mango pedicel 
thmugh wounds on detached mature· green and ripe 
fruit, with invasion of fruit occurring without an: 
:lpparent quiescent stage. Whether infection could pceur 
on unharvested fruit was not investigated. 

G. Johnson (unpublished data) ()bserved subcuticular 
colonisation by n. dUlllinicllfll1 of mango inflorescence 
and pedicel tissue inoculated before harvest. Vascular 
colonisation as reported I'm I'. cit!'i on citrus (Homma et 
al. 19X9) could occur !()r n. dOlllinicana on mango and 
other fruit. Colonisation of \:bcu!ar tissue by this 
pathogen causing stem cankers (as the telconlllrph 
Botryospliaeria dOlhiilca J has been reported in temper
atc tree studies (McPartland and Schoencweiss 19X4). 
Elucidation of the mode of infection and form of quies
cent structures for any pathogen-host combination 
reveals when and where control measures should be tar
geted. Considerable primary research is required to 
determine the infection events for many tropical lruit! 
pathogen c(lmbinations. 

Tr::nsmission and infection by the above mentioned 
lllech"nisms may be less vulnerable to postharvest fun
gicide and heat treatmcnts than subcuticular infections 
originating fn)IlI air- or water-borne spores. In situations 
wherc posthancst disease contwl treatments arc less 
effective than expected. pathogen modes of transmis
sion and infection m,l)' need 10 be reassessed. 

Prevention Is Better Than Cure 

Control of postharvest diseases may be achieved by 
preventIng infection, eradicating infectillfL or delaying 



symptom development so that thc Cruit can be marketed 
and consumcd bcfml' discasc appears, 

Prcharvcst management 

Thompson (thcse procecdings) discusses fungicides 
for preharvest control of postharvcst discases of mango, 
Dodd et al. (1992) reviewcd the value of cpidemiologi
cal studics and spray forccasting based on cnvironmcn
tal data for control of anthracnose, while Jeffrics and 
Kooll1cn (1992) and Karsten ct al. (these proceedings) 
havc covcrcd thc use of biological control agcnts fllT 
control of anthracnosc. "1 ayers and Owen Turncr (1989) 
integratcd field management and inkl'tiOIl asscssmcnt 
proccdurcs to successfully control black "'pot caused by 
Guignardia cilricarpa Kiely ill export l'itrus for the 
Japanese markct. Sclcctilll1 0/ growing rcgions wherc 
dry wcather coincides with flowering and fruit develop
ment can further reduce the nced I'm preharvest control 
measures. In Isracl. prcharvest aSSCSSnll'nt of fruit 
infection levels has lxen used to dctermim: the need for 
postharvl'st treatments to control altcmaria rot of mango 
causcd by A, a/terna/a (prusky ct al. 1983). while 
Prusky et al. (1993) subscqucntly found that the disease 
risk could bc asscsscd by monitoring rclative humidity 
during llowering and fruit development. In the long 
term, globed warming effects could disrupt seasonal 
weather pattems, with increased rainfall occllrri ng in 
some regions that currently enjoy a dry fruiting season 
and vice versa, thus incrl'asing <lr dClTl':tsmg the need 
for pre- and postharvest ()!llmi measures, 

Fruit bagging 

Fruit bagging (Kitagawa ct al. 1992) creates a dry 
microenvironment in which i'ruilcan dnclop with com
parative freedom frlHll air·· :mel water-horn,' inocula. free 
water to facilitate inkction, infestation by fruit 11y, and 
damage by fruit-piercing insects (although scale insects 
and mealybugs can proliferate). Bagging is one opti()n 
for regulating fruit surface wetness and deposition of 
inocululll in regions not blessed with dry weather during 
fruit development. G. Johnson, T. Campbell and A. 
CODke (unpublished data) found that enclosure of mangn 
cvs Kemingtof] and Kiett in bags manufactured from 
paper ur Tyvek®, respectively, reduced the incidence 
and severity of stern-end rot and anthracnose. Con
versely. Lim and Razak (I ');t») reported that fruit bag
ging was associated vvith an increase in sly lar-end ring 
rot caused by Pho/llO!J,lis fJ.lidii Nag Raj 8.: Ponnappa on 
guava fruit, in the !'lIle of cllnt:ll'i. between fruit and bag. 

Preharvest elIeds 

Hofman and Smith (thesc proceedlllgs) discussed the 
role of preharvest nutrition and other management lac-
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tors on postharvest quality, and such i'actors can directly 
affect the mechanisms of fruit resistance to infection and 
the ripening-associated decline in fruit regulation of 
pathogen quiesccnce. Host vitality may also affect the 
infection potential of inoculum produced on the host. 

Silicon 

Bowen et al. (1992) found that soluble silicon sprays 
inhibited the development of powdcry mildews on 
grasses, and noted that silicon was implicated in diseasc 
resistance of sorghum (Sorghum vulgare L.) to anthrac
nose caused hy Co//e/olrichum gmminico/a. Preharvest 
silicon sprays for control of tropical fruit anthracnose 
and other diseases should be :Issessed. The effects of 
silicon sprays on rruit palatability would also need to be 
evaluated. 

\Vound invaders 

While many pathogens infect fruit bcCore harvest. 
some infect fruit via wounds or by direct penetration of 
the cuticle after harvest (Table I). Processes that protect 
wounds rmm invasion, or promote wound healing, can 
reduce disease losses caused by wound pathogens. 
While fnllt washing can improve appearance, fruit ma) 
become infected by wound pathogens during treatment. 
especially when recirculated, unfiltered water dips are 
used. Fruit brushing can cause abrasion wounds that 
enable the enlry of WOUlld patlwgens. or induce physio
logical browiling reactions. 

Disinfectants and washing 

The addition d lilsinreClalltS. fungicides, in-line fil
ters. and slerilising systems. and the usc of non
rl'circulatin" sprays can reduce the risks associated with 
fruit washing. Sugar am] Spotts (I ')86) demonstrated 
that sodium lignin sulphonate (a by-product of paper 
manufacture) used to improve Ilotation of pears in post
harvest treatment lines inhibitcd spore germination by 
spore'; of B. cinerea, Penicillium expar!suni Link. ex 
Thom .. lHucor piriformis Fischer, and Phia/ojJhora 
nla!orul/l (Kidd & Beaum.) McCulloch and, in comhi
nation with sodium ortho phenyl phenate (SOPI'). 
improved control of decay caused by P, lIIu/orUnl, com
pared with SOP1' alone, Fllltarioi1 salts and other dip 
additives ur dir dccnntarnillatilHl procedures could 
reduce the i!l1pac'l dC dip tank water as a source of inocu
lum for tropi,'allru!t path()gefls, 

Johnson and too!-.c (Il)X')) noted that the time 
between harYl'st anel disinfection of wounds was critical. 
Disinfection with sodium hyp,xhlorite controlled yeasty 
rot on tomato \\hl~n applied within 3 hours of wound 
inoculation with G. ullldidulII, whcreas the treatment 
failed when applied 6 hours after wound inoculation, 



G. Johnson and A. Cooke (unpublished data) have also 
found that the temperature of the fruit for 24 hours before 
inoculation affected the susceptibility of winter-grown 
tomatoes to yeasty rot. Those held at 30°C for 24 hours 
remained resistant to wound infection by G. ("(Indicium, 
while those held at 36°C were susceptible. '111is result 
offers an explanation for the prevalence of yeasty rot in 
summer-grown tomatoes, and its absence in winter
grown crops. and suggests that harvesting in the early 
morning or at night when the fruit arc cooler could reduce 
losses from this disease. Ilcrshenhorn et al. (19X9) found 
that when lemons were treated at XO°C for 2 minutes. 
active lesions were produced by avirulent strains of G. 
candidum that produced only dry. limited lesions in 
unheated lemons. Susceptibility of lemons to G. ("(In
didum also increased with physiological age. treatment 
with ethylene. and watn potential of the leT110n pecl 
(Baudoin and Eckert 19X2; Davis and Baudoin 19X6). 

Paeking and coating 

Muirhead and Grattidge (19X6) reported that wood 
wool. a by-product of thc timber industry. used when 
packing mangoes. harboured Rhi~()I)US S/OIOIli/i'r 
(Ehrenb. Fr.) Lind which causes transit rot. Elimination 
of the packaging material controlled the discase. Transit 
rot is a serious disease of papaya and can also cause 
losses in sulphur dioxide-fumigated Iychees. EI Ghaouth 
ct al. (1992) found that chitosan, an ingredient of some 
fruit waxes, reduced the growth in vitro of R. s/oloni/cr, 
e. gloeosporioidcs, BOlry/is cinerea, and AI/ernaria 
allernala and suggested that it had potential for post
harvest disease control. Chitosan has elicited phytoa
lexin production in some hosts (Kendra and Hadwiger 
19X4; Kendra et al. 191'19). 

Immunisation 

Immunisation, the inoculation of the host with heat
killed or mild strain pathogens to promote the formation 
of antibodies. has controlled many human and an imal 
pathogens. Kuc (19X3; 191'17) and Madamanchi and Kuc 
(1991) have reviewed this approach for the control of 
plant pathogens. notably tobacco downy mildew caused 
by Pcrollospo/"il hvcscmmi Dc Bary (Tuwn and Kuc 
1989). Davis et al. (19XX) and Brown and Davis (1992) 
have explored systemic protection of S/vlosanthcs spp. 
against e. gloc()sl'orioides. Caruso and Kuc (I (79) 
found that systemic resistance induced in cucumbers. 
muskmelon, and waternlelon by foliar inoculation. was 
transferable to the fruit. In citrus and other commodities, 
ethylene induces activity in phcnyl ammonia-lysase 
(PAL). PAL catalyses the branch-point step reactions of 
the shikimic acid pathway. leading to the biosynthesis of 
phenols, phytoalexins. and lignins which arc associated 
with induced resistance to disease (Kuc 1(82). 
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The concentration of prefomlcd antifungal com
pounds in fruit may also be increased by challenge 
treatments. Prusky et al. (1990) found that. in unhar
vested avocado fruit. the concentration of a preformed 
antifungal diene was al rnost doubled for a period of 3 
days following inoculation with e. gl()cosporioidcs. 
Induction of resistance to tropical fruit pathogens using 
avirulent or non-host strains of fruit pathogcns dcscrves 
further research. 

IIypoviruicnce 

Another possible means of preventing fruit infection 
is to reduce pathogen virulence. Griffin (19X6) and Nuss 
and Koltin (1990) reviewed the prospects for using 
transmissible hypoviruience to control chestnut blight. a 
serious disease of American chestnut trees (Cas/anca 
den/ala (Marsh.) Borkh.) caused by Elldo/hia !Jarasitica 
(MUff.) And. & And. A mycovirus was found to be nat
urally present at sites where isulates of E. !Hl/"{/si/ica 
were associated with trees recovering from chestnut 
blight. The hypovirulence was transmitteo to virulent 
strains of F. parasi/ica that were vegetatively compati
ble (GritTin 19X6; Glass and Kuldau 19(2). Transmissi
ble hypovirulcnce could be an effective option for 
slowing pedicel colonisation by stem-end rot pathogens. 

Eradication 

Culling 

The postharvest impact of diseases that develop on 
fruit before harvest can be reduced by culling affected 
fruit in the field, or on the packing line. The incidence of 
black spot of citrus can be reduced in this way. How
ever. additional infections are quiescent at harvest and 
symptoms can appear during transportation and market
ing (Mayers and Owen-Turner 19X9). A combination of 
control procedures may be required. a rellection of the 
range of infection and symptom dcvelopment patterns 
exhibitcd by a particular pathogen. 

Minimal processing 

Siriphanich (these proceedings) reviews minimal 
processing of tropical fruit, a procedure that eliminates 
quiescent infections of pathogens in the peel and other 
non-edible parts. and thus the need to control them. Care 
must be taken to prevent infection of the processed fruit 
by wound pathogens such as Rhi~of!us spp, which can 
quickly destroy fruit Ilcsh. Despite washing. pectolytic 
enzymes in the juice from decayed fruit can remain 
active and cause fruit softening after minimal processing 
or canning. A sodium hydroxide wash inactivates the 
enzyme (Sommer et al. 1(92). 



Myeotoxins 

The salvage of edible Ilesh portions from partly 
decayed or damaged fruit for processing introduces 
another risk, mycotoxin contamination. Mycotoxin pro
duction by some genera of fungi that also cause fruit rots 
has been documented (e.g. Penicillium. Alternaria, 
Aspergillus. Fusarium. Phomopsis), and the toxins have 
been associated with processed fruit products such as 
apple juice (Phillips 1984; Bills et al. 1992). Secondary 
invasion of fruit products (e.g. fruit pastes) during 
drying rcprescnts an additional risk. Further work is 
needed to determine the extent of mycotox in production 
by fruit pathogens, and to establish protocols for moni
toring their presence in processed fruit products. 

Systemic fungicides 

Despite the implementation of comprehensive pro
tective control measures. some infections establish on 
fruit, particularly when rain falls before harvest. Some 
systemic fungicides have a 'kick-back' effect: they can 
eradicate infections that were initiated one or more days 
prior to treatment. Their ability to eradicate infections 
will depend upon the time between infection and appli
cation of the fungicide, the location of quiescent infec
tion structures, and the penetration and covering 
properties of the fungicide formulation. Cuticle thick
ness will influence fungicide penetration, and treatments 
which soften or strip fruit cuticle will increase fungicide 
efficacy. Information on the kick-back effect of a par
ticular fungicide is sometimes available from the manu
facturer and may be printed on the product label. Eckert 
and Ogawa (1985) and Eckert ( 1(90) have reviewed the 
chemical control of postharvest diseases of subtropical 
and tropical fruit, and summarise information about 
effective fungicide-pathogen-fruit combinations. Fun
gicide choice will also be int1uenced by whether the 
product-use is permitted in the target market for the 
commodity. 

Hot benomyl and prochloraz are effective against 
anthracnose and alternaria rot and the former treatment 
also controls stern-end rot of mangoes during storage at 
13°C (Johnson et al. 199Gb; Lonsdale et al. 19(1), and 
either or both of the treatments are also effective on 
other hosts (cucurbits, Iychee, papaya) (Eckert 1(90). 
Imazalil has also been widely evaluated and is effective 
against anthracnose, while iprodione provides good 
control of transit rot caused by Rhi~opus spp. (Eckert 
1990). The future prospects for these treatments is 
uncertain. 

Fungicide resistance 

In Florida, Spalding (1982) isolated benzimidazole
resistant strains of Colletotrichum, Lasiodiplodia, and 
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Phomopsis from diseased mangoes, a result of the 
widespread usc of preharvest sprays of benomyl. Beno
myl-resistant strains of Collctotrichum have been 
reported also from mangoes in Thailand (farungsang 
and Farungsang 1992). In Australia. benomyl sprays 
have never been recommended for preharvest usc on 
mangoes, a strategy designed to prevent the develop
ment of benomyl-resistant strains of Colletotrichum spp. 
The risk of loss of efficacy associated with preharvest 
application of any of the modem systemic fungicides 
threatens the long-term viability of that fungicide for 
postharvest use. Preharvest application of elTective 
postharvest fungicides should be discouraged. 

Regulatory constraints 

Of greater concern for the continuing availability of 
postharvest fungicides are the socioeconomic pressures 
that have persuaded chemical manufacturers to with
draw postharvest registrations for fungicides. The Euro
pean Parliament has voted to ban totally the postharvest 
treatment of fruit and vegetables with pesticides within 
the European Community (E.C.). The ban will come 
into effect only after it is possible to withdraw pesticides 
without seriously impeding the marketing of fruits and 
vegetables in the community. Some members of the 
European Parliament demanded that E.C. limits on resi
dues apply to imports from non-E.C. countries and to 
exports from the community (Anon. 1991). In the USA, 
Du Pont Ltd withdrew all postharvest registrations for 
benomyl (Vaux, pers. comm. 1(89). The decision by Du 
Pont (USA) has not yet extended to important tropical 
fruit producing countries, e.g. the banana trade in South 
America, however the treatment has never been accept
able in some other markets. 

One of the problems in achieving registration for 
postharvest fungicicies is the fact that postharvest uses 
represent small markets. The returns to manufacturers 
often do not justify the costs of establishing efficacy and 
taint data, and payment of government charges asso
ciated with registration or label extension. 

Multiple infections 

At harvest, tropical fruit may harbour infections of 
several pathogens with differing quiescent phases. Con
trol of those with longer quiescent phases (e.g. A. alter
nata on mango [Schiffmann-Nadel et al. 1985; Johnson 
and Coates 1993]) will be necessary only iflong storage 
is anticipated. A cascade of diseases can develop in 
tropical fruit. with successive invaders being revealed 
only when those with shorter quiescent periods are 
eradicated or absent. Johnson et al. (1990b) found that a 
prochloraz spray needed to follow a hot benomyl dip 
treatment of mangoes to control alternaria rot which 
developed when anthracnose and stem-end rot were 



successfully controlled by hot benomyl. Alternatively. 
several diseases can develop simultaneously (e.g. on 
papaya). and c()lllbinatiun treatments may be required to 
control them all. 

Fumigants 

Tongdee (these proceedings) reviews the usc of sulphur 
dioxide (SO,) for control of postharvest diseases and to 
improve the :lppearance of Iychee and longan. and noted 
that the treatment has had a long history of human usc 
for food preservation. Tongdee (these proceedings) also 
stresses the need for carct'ul and prel'ise application of 
SOo to ensure that residue levels are not exceeded and 
for Lincorporation "I' a scrubb1l1g system into the treat
Illent facility tu prevent atm()Spheric pollution. Sulphur 
dioxide is alsll widely used to control grey mould and 
other postharVL'st diseases of grapes (Cappellini et al. 
19t\6). One constraint on the use of SO, for disease con
trol is its bleaching efkct: red fruit tUI:n white initially. 
but the colour returns with eXJlosure to oxygen or dilute 
hydrochloric' acid (Keetsa and Leelawatana 1992: 
Underhill et al. 19(2). The application of sulphur diox
ide by the usc of sodium metabisulphite slow-release 
pads reduces the env ironlllental risk and residue haz
ards, and has been adopted for disease control in grapes 
during export. SIll\v-rL'iease pads arc also being devel
oped for Iychee and longan (Zauberlllan ct ai. 1')90: 
Underhill et ai. 19'J2: Krcmer-Kohne 1993: Tongckc. 
these proccedings), SI()w-rclcase application ensures 
that fruit arc pnltected from new inkctions during 
transport and storage. but docs IH)t allow I'm a post
fUl11igati\Jn tn:atrl1cnt to restore fruit l't)lnUL 

Other nlln-residual fUllliganh have also heen assessed 
for control oj fnilt path, '1'l·I1S. in,'luding alTtyknl' 
(Avissar and I'csis 19(1) Cine! hinokitiol. a \olatile nil 
extracted from Japanese c'press (HiiJu {lrhoruiril"! 
(Fallik and Grinherg 1(1)2, ,\i1aroni ct al. 11)9]), but the 
toxicity of the former to humans precludes iu, usc. Vol 
atilc compounds are an attractive option for c()ntrol of 
disease during storage. The active agent can be slow
released to extend control. while once the package is 
opened, any residue dissipates readily. 

I1eat 

Heat treatments arc a Cll',111 llIeans of L'fadic'ating 
infections of postharvest pathogens provided the ther
mal death point of the p~lth()gen is km l'I than the 
damage threshold or tile fruit lBarkai-CJlllan :lnd Phillips 
1991 ). HI)t water dips havc bl~l'n widl'ly lIs,'d for umtn)! 
of postharvest diseases ()r II1.mgo. uSllalh in l'()lllbin,l
ti()[1 With the fungicide bellllll1yl. Johnson a III I ('natc'" 
(1993) sUlllmarise recent I: evaluated rc)!illlcs lur 
mango, The u,c of heat in c()lllbinati()11 \Iith fungi,'llk" 
additiunai tll bel1or1lyl has hecn assessc'd most c .... tell-
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sively in South Africa (Lonsdale et al. I C)') I: Peiser and 
I,esar I ')9(l. 1(91). 

Disinfestation 

Recently. heat disinfestation treatments for fruit I1v 
have received considerable attention (Paull 1990: A rill· 
strong 1992: lIeather. these proceedings) and thei r u,e 
iniluences disease control strategies (('oates and John
son I ')'J.l; Jacobi et al.. these proceedings). Coates allLi 
JohnslJll ( 1(93) rev ieweLi disease control obtained using 
heat dlsinkstation treatlllents, and summarised the 
cOlllmercial and cxpnimcntal hcat trl'atments I'm con
trol of postharvest diseases of temperate. subtropical. 
and [nlpical fruit. Jacobi et al. (these proceedings) 
review the disease cllntrol and fruit ljuality bcnefits .lI1d 
disadvantages uf fruit Ily disinfestation regimes for 
mango, The limitations of current disinfestation regimes 
for disease control could be overc:ollle by (i) targeting 
pathogen quiescent structures 1ll00l~ effectively or 
increasing their sensitivity to heat: (ii) increasing heat
fungicide treatlllent synergism: and (iii) increasing the 
tolerance oi- fruit to both hear treatllll'nts and post
treatment handling and storage. Coates and Juhllson 
(1993) note the opportunity for post-heat-treatment 
applil'ation of biolo"ical control agcnts to un'up) thc' 
biological vacuulll created by thl' Ill'at tIc'atmc'lll. a situ
ation which illay also exist fllilowing SO, 'Ind .kid 
treatrnelH of Iychee, . 

Irradiation 

In the quest for clean disinfcstati(11l trl·atlllc~nts. con
siderable research has been undertaken on gamma irra
diation Cllllllllas 19t\5). As pan of this research, its 
pOklltial for disease control has been examined (\1,,), 
19X,l: JohnSlltl et al. 1990a). Man) published reports Oil 

irradiation do not distinguish bencl'its l'llllfcrred by 
eradicating infections from those conferrcd by delaying 
ripcning or senescence, which can thclllscln's delay 
(rather than eliminate) disease. Dose rates reljuill'll 1<l 
eradicate infections range from 2000--30()(l ('Y. but Cal) 
be as low as 1000 Gy or as high as 6000 Ciy. Lll hi)!hcl 
than the doses rCljuired for clisinfestation (75 _,(l() eiy J, 
F"llllost fruit-pathogen associations. the radiati(lll d, lSl' 
required I'm successful disease (mtml is (klcterinus to 
fruit quality. although some worKers ha\c repmted ,I 
synergism bl'tween the disl'ase cuntml e!lcets "l irradi
atiol1.l111t w:lier. and fungicide trcatments (:Vloy i')x."), 

\Vhik irradiation 1l1~ly provide a measure ()fulntrul oi 
Lluil'Sll'nt inkctions in fruit at the time (l:- treatlllcnt. it 
PH)\ ilk's nl' residual protection against attad~ by \\ llund 
path')gens <tnd lleCllltrophs. Successful CllIltrll! 1)1' (jnl' 
pathog,'ll Clillle! reveal additional probkllls, Jolm\(ln c! 

al. (1990a) found lhat irradiation (If strawbl'lri,'s at ddS,', 
uf hUO 2000 Gy reduced the incidcnce ni grl')' lliould 



caused by B. cincreu during storage at () -2°C for 4 
weeks. however during subscq uent storage for 24 hours 
at I X°c. a high incidence of Illt caused by A. a/temuta 
developed in irradiated fruit. Alternaria rot is not a 
problem encountered in strawberries. probably because 
fruit are usually eaten, processed, or destroyed by grey 
mould and other pathogens (e.g Rhizopus spp.) long 
before the quiescent period of A. a/temata ends. 

Delaying Symptom Appearance 

For the postharvest pathogens that can infect fruit 
between !lowering and harvest but do not develop fur
ther until after harvest (l'or example C. g/o('()sporioides, 
Dothiorella spp., A. U/llTlillfa), the quiescent pcriod can 
vary from a few days to many weeks (Simmonds 1941; 
Horne and Palmer 19:15; Peterson 197X; Dodd and Jef
ferics 1989). For such postharvest pathogens. the critical 
quiescent period (CQP) should be defined as the time 
between harvest ami disease appearance, during which 
thc produce rcmains free of symptoms and thus markct
able and fit for consumption (Johnson 1992). 

Thc breaking of quiescence for particular postharvest 
pathogens can result from a decline in the conccntration 
of antifungal compounds associated with fruit ripcning 
(Prusky et al. 1988; Oroby et al. 1987; Prusky and Keen 
I 99:l), or anatomical changes in fruit structure (Brown 
and Wilson 196X). Such changes often occur in parallel 
with the commencement of ripening and the respiratory 
climacteric (Simmonds 1<)'+1; SchilTmann-Nadel et ai. 
19~5). Throughollt Southeast Asia. cui inary practice 
exploits the critical quiescent period of many tropical 
fruit pathogens. Many fruit arc consumed at the maturc
green stage, with full-ripe fruit considcred inferior. 
Expansion of export markets and demands by the expa
triate community and western tourists for ripe fruit 
require a greater degree of disease L'ontrol than is neces
sary when fruit are consumed mature-green. 

Regulation of ripening 

Brady (these proceeedings) reviews thc regulation of 
ripening in tropical and subtropical fruit. The devclop
ment of slow-ripcning cultivars of tropical fruit, and 
managemcnt practiees to 'turn otT' and 'turn on' ripen
ing when required would facilitate long storage and 
delay disease development. particularly if othcr factors 
affecting postharvest fruit quality such as water loss 
(Joyce and Patterspn. these proceedings) were regu
lated. When ethylel1l' fumigation to promote ripening 
and colour development is incorporated into the han
dling system, eithcr intentionally or by mixed stowage 
of ethylene-sensitivc produce with high ethylene pro
ducers (such as ripe bananas or sL'nescing Icafy vegeta
bles), an earlier appearance of disease may be an 
unwanted consequence (Kader 19X5), affecting the 
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saleability of fruit that in a less-ripe state might appear 
quite sound. 111e effcL'ts of ethylene treatment of tropical 
fruit on disease development needs to be assessed in 
advance of commercial introduction, especially if fruit 
are to be cool-stored for some time after treatment. 
Stowage practices for transportation also require con
sideration of the relative ethylene sensitivity of individ
ual products. Use of effective ethylcne scrubbing 
devices in transport and storage containers could help to 
regulate the problem. 

Temperature 

Sommer (19r;')) considered that all other methods of 
disease control should bc considered as supplements to 
refrigeration. euol storage (lITers great potential for 
immediate and future improvcml'nts in fruit quality and 
disease control. L()w temperature storage slows thc 
physiological pnlL'csscs associated with ripening and the 
growth of funl!i (alternatively, a different suite of low 
temperature pathogens may be favoured). Susceptibility 
to chilling injury is a major impediment to full exploita
tion of cool storage. Enhancement of host tolerance of 
low temperature storage by (i) selection within (and 
outside) the host gene pool, (ii) development of 'condi
tioning' treatments that increase fruit tolcrance of low 
temperatures, and (iii) development of storage regimes 
in which periods of low temperature fluctuate with peri
ods of high temperature all offer potential for reducing 
disease losses. 

What constitutes a 'Iollg' storage period varies with 
commodity, decreasing with increasing storage temper
ature and the relative 'tropicalness' and low temperature 
intolerance of thc commodity, tv1inilllum temperatures 
tolerated by subtropical and tropical fruit are summar
ised in Table 2. whi Ie minimum temperatures below 
which a pathogcn is unlikely to causc disease are sum
marised in Table 3, 

Although cool storage effectively extends the mar
kcting period for many tropical fruit, the post-storage 
vigour of the fruit may decline rapidly. Jones (I <)91) 
showed that the need for postharvest application of pro
chlmaz to control crown rot of bananas caused by 
FusariulIl spp, depended upon the length of the preri
pening storage period. Postharvest treatment with pro
chloral, was unnecessary when fruit were ripened 
immcdiately after treatment, but significantly reduced 
crown losscs compared with untreated fruit, when the 
bananas were held at DOC for 2 weeks before ripening. 

In developing storage tempcrature schedules to slow 
fruit ripening and disease devc\opment, consideration 
must also be given to preycntion of water vapour con
densation. Free water on the fruit surface can favour 
infection by wound pathogens allli the development of 
superficial fungal growth, Unforeseen off-loading of 
wrapped fruit on an airport tarmac can dramatically 



increase disease develllpment en roUll', the effects being 
due to water vapour condensation favouring superficial 
mould growth and higher temperatures favouring ripen
Ing. 

Storage atmosphere 

Kader (these proceedings) and Ben-Yehoshua et a!. 
(these proceedings) review the use of modified and 
controlled atmospheres and surface coatings for exten
sion or storage life. Extension of the critical quiescent 
phase for postharvest pathogens can be concomitant 
with storage atmosphere effects that delay ripening. 

Host regulation of pathogen quiescence 

In parallel with research on gene regulation of ripen
ing and chilling injury and the exploitation of atmos
phere, temperature. water-loss, and Ilutritional effects on 
fruit storage potential and disease resistance. studies are 
being undertaken on host mechanisms that regulate the 
pathogen quiescence. Nicholson and Hammerschmidt 
(1992) reviewed the role of phenolic compounds in dis
ease resistance and noted their universal presence in 
plants, with some constitutively present which fUllc
tioned as preformed inhibitors associated with non-host 
resistance, and others formed in response to pathogen 
ingress, their appearance being part of an active defence 
response. Matern and KneuseJ (19XR) and others pro
posed that plant defeJ1L'e occurred in two stages. The first 
involved rapid accumulation of phenols at the infection 
site to slow (or stop) invasion and allow activation of 
secondary strategies that would Illore thoroughly restrict 
the pathogen. Secondary responses included the de novo 
synthesis of phytoalexins or other stress-related sub
stances. Defence events could include (in order) host 
cell death and necrosis. accumulation 01' toxic phenols, 
modification of cell walls by phenolic substitucnts or 
physical barriers such as appositions of papillae and, 
finally, the synthesis of specific antibiotics such as phy
toalexins (Nicholson and Hammerschmidt 1992). 

The impact of host defences can be illustrated by 
considering brown etch, a superficial skin-blemishing 
disease produced by several fungi on butternut gramma 
fruit (Cucurbita moschata Duchesne). 10hnson (1976) 
found that symptoms of brown etch of mature butternut 
gramma caused by FusariulII spp. and Asc()chyta cucu
mis Fautr. & Roum. appearcd during fruit development, 
and that the fungi causing the symptoms could be iso
lated and pathogenicity proven only in immature fruit. 
In very young fruit, sunken lesions devc'loped, while in 
half-grown to near-mature fruit, typical brown etch 
symptoms restricted to the fruit skin developed. In half
grown fruit, host defences may restrict invasion to the 
skin. In mature fruit showing symptoms, the fungi could 
not be isolated, and symptoms could not be induced in 
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healthy, mature fruit by inoculation. Presumably, host 
defence mechanisms progressively restrict invasion and 
subsequently kill the fungi in the invaded tissue. Eluci
dation of the biochemical and genetic basis of the 
response could have potential for the control of ground 
rots caused by the same fungi in other cueurbits such as 
cantaloupe (Cucumis meto L.). 

In investigating host defences with a view to their 
more elTective regulation or modification, consideration 
needs to be given to the location (~:patial and temporal) 
of the mechanisms in relation to the part of the fruit that 
is consumed. Prusky and Keen (1993) note the potential 
toxicity of antifungal compounds to human and animal 
consumers, citing the toxicity or carcinogenicity of 
compounds in potato. celery. and sweet potatoes. If the 
activity (or enhanced presence) of compounds were 
restricted to the non-edible peel and pedicel, their pres
ence or altered activity would be acceptable. If present 
in the fruit r1esh. critical levels Illay need to decline at 
fruit ripening or, in the case of vegetables that are always 
cooked, with heating above iOO°C. 

Considerable potential for control exists from studies 
on the biochemistry of quiescence for individual fruit
pathogen associations. Prusky and Keen (1993) 
reviewed the role of preformed antifungal compounds in 
the resistance of subtropical fruit to decay, and noted the 
difficulty in deternlining the role of preformed com
pounds in disease resistance. They considered that a 
functional roJe for preformed antifungal compounds 
was supported by studies that used genetically related 
pathogen strains with differing abilities to circumvent 
plant defences, whereas mere correlation of changes in 
the level of a preformed compound with resistance could 
be 'serendipitous' and needed to be interpreted cau
tiously. If the mechanisms accounting for the in vivo 
concentration of the preforllled inhibitory compound 
were determined, then it would be possible to (i) modu
late the systems exogenously and (ii) observe whether 
an altered level of the inhibitory compound and disease 
resistance were linked (Prusky and Keen 1993). Exam
ples cited by Prusky and Keen (1993) were exogenous 
application of DL-phenylalanine to alter the levels of 
phenolic compounds and disease resistance of fruit to 
scab caused by Venturia inaequalis (Holowezak et a!. 
1962), and exogenous application of inhibitors of lipox
ygenase (e.g. butylated hydroxy anisole) to avocado to 
increase the level of antifungal diene and delay devel
opment of anthracnose caused by C. gloemporioides 
(Prusky et al. 1985; Prusky 19KR). 

How such information could be exploited to develop 
practical control measures was illustrated by the finding 
that freshly harvested avucados, when exposed to an 
atmosphere of 30\:(' COo. contained higher levels of 
antifungal dienes and r;duced decay compared with 
untreated fruit. However, the treatment needed to be 
applied for more than 24 hours, as soon as possible after 



harvest, and to less- rather than more-mature fruit 
(Prusky et al. 1991; Prusky and Keen 1993). The work 
also demonstrated how the interplay between storage 
environment and handling regimes may inlluence the 
length or the critical quiescence period. 

Prusky and Keen (1993) also noted that antifungal 
resorcinols had been isolated from mango fruit peel at 
fungitoxic concentrations in eight mango cultivars, that 
the concentration of one declined more quickly in a 
disease-susceptible cultivar than in resistant cultivars, 
that delayed reduction in the levels of the compounds 
was linked to delayed decay dcvclopment, and that the 
llesh of unripe mangoes contained subfungitoxic con
centrations of the antifungal compounds and was sus
ccptible to fungal attack. These observations suggested, 
but did not prove, that the resistance of unripe mangoes 
resulted from the presence of the antifungal resorcinols 
in the peel acting on pathogen quiescent structures. 
Additional research was rcquired to evaluate thcir role. 
Prusky and Gat (1992) reported that treatment of man
goes with high concentrations of CO2 after harvest in 
the manner described for avocado (Prusky et aI., 1991) 
enhanced the levels of antifungal resorcinols and 
delayed the development of decay caused by A. alter
nata. Other antifungal compounds isolated from avo
cado by Adikaram et al. (1992) and Prusky et a!.. ( 1991 ) 
need to be investigated in the manner proposed by 
Prusky and Keen (1993) to confirm their putative role in 
regulation of quiescence of C. gioeosporioidcs. Simi
larly, the impact of the abovementioned compounds on 
the development of other fruit pathogens needs to be 
clarified. 

It is likely that several mechanisms of disease resis
tance operate simultaneously in fruit. Ben-Yehoshua et 
al. (1992) investigated the roles of both preformed and 
induced antifungal materials in the resistance of citrus 
fruit to decay caused by Penicillium digitatum. The t1a
vedo tissue of lemon fruit contained four antifungal 
materials which acted as the first line of defence against 
pathogens, and exogenous application of one, citral, to 
lemons inoculated with P. ('xpansum prevented decay. 
Subjecting fruit to fungal challenge and/or abiotic stress 
(heat or UV illumination) induced the production of the 
phytoalexin scoparone, which was more fungitoxic to P. 
digitatum than the preformed antifungal compounds, 
while citrus species differed in their ability to produce 
scoparone. Wild (1991) exploited the induction by 
potassium phosphonate of scoparone production in 
oranges. to enhance resistance to 1'. digitatum obtained 
when curing (at 35°C for 2-3 days at > 75% humidity) to 
stimulate the formation of lignin and antifungal cou
marin compounds. 

Another antifungal compound, identified as an hes
peretin 7 rhamnoglucoside-like substance, has been 
reported from the stem-end tissues of mature, but not of 
immature, citrus fruit (Homma et al. 1989). The com-
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pound disappears in the terminal period of storage, sug
gesting a role in the regulation of quiescence of P. citri 
causing stern-end rot of citrus fruits (Homma et al. 
1989). 

Genetic manipulation 

To incorporate genetic coding for disease resistance 
characters into fruit, transformation systems are 
required. Hammerschlag and Litz (1991) have reviewed 
the biotechnology of perennial fruit crops, providing 
overviews of the history, genetics and breeding, somatic 
cell genetics, and molecular approaches for several 
tropical and subtropical crops, including mango. In 
reviewing progress on mango, Matthews and Litz 
(1991) note that the polyembryonic mangoes from 
Southeast Asia evolved under constant disease pressure, 
and were generally more resistant to diseases than 
monoembryonic Indian cultivars. St imulating somaclo
nal variation could unmask useful genes. while broad
ening the genetic base for resistance to mango pathogens 
could significantly improve productivity. Postharvest 
storage life and the critical quiescent period for patho
gens might be extended by genetic transfonnation of the 
mango genome to express either ACC synthase RN A, or 
antisense polygalacturonase RNA (Smith et al. 1990; 
Oeller et al. 1991; Matthews and Li tz 1991). 

Conclusions 

Early in this paper, we referred to the dearth of accurate 
data on the extent of postharvest disease losses. There is 
an urgent need to assess the extent of losses in tropical 
fruit on both local and export markets in the wholesale, 
retail, and domestic sectors. 

In developing integrated pest management strategies, 
entomologists undertake intensive field observations to 
construct insect life-tables which trace the fate of the 
target insects' eggs, larvae, and adults. This information 
summarises the activity of natural or introduced preda
tors, and identifies the stage at which most mortality 
occurs. Insecticide and predator release strategies can 
then be manipulated in the light of the improved knowl
edge of the insect's life-cycle. Insect life-stages are 
easier to see than those of fungal pathogens, and the fate 
of individual eggs easier to follow than the fate of indi
vidual spores or infection sites, but sueh an approach 
would increase the effectiveness of our current control 
measures and highlight 'windows of opportunity' for 
novel control measures. Investigations covering the 
aspects of pathogen biology reviewed here provide in 
part the information contained in insect life-tables. 

In many cases, postharvest disease research has been 
a subsidiary of postharvest physiology or disinfestation 
research, emphasising 'band-aid cures' so that disease 
does not interfere with assessment of disinfestation 



treatments or storage regimes. Such an approach 
favours fungicide. heat treatment. and storage technol
ogy, and limits attention to underlying issues such as 
pathogen diversity, dispersal and infection processes, 
and pathogen resistance mechanisms. An immediate 
challenge for postharvest pathologists is to ensure that 
the prerogative to undertake the primary research 
reviewed here is recognised by their colleagues in other 
disciplines, and by the institutes and agencies that reg
ulate their activities. 

There are several key aspects of the biology of tropi
cal fruit pathogens on which research has the potential to 
revolutionise options for discasc control: (i) the 
mechanics and the gene regulation (lr sexual and asexual 
reproduction, (ii) spore production. dispersal. survival 
and predation, (iii) adherellcc of propagulcs to the host. 
(iv) interactions with fructosphere organ isms, (v) infec
tion and invasion processes. and (vi) the responses of the 
host at all stages or pathogen Ii rc cyc les. The ecology, 
physiology, biochemistry, and genetics of the pathogen 
need to be investigated with the same rigour as tradi
tionally accorded to studies of the host. Such activity 
will interface with host-biology and handling-systems 
research to increase storage life while preserving the 
llavouL texture, and temptation of the tropics. 
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Infection Processes of C olletotrichum S pedes in 
Subtropical and Tropical Fruits 

Lindy Coates* and Don Gowanlockt 

Abstract 

Anthracnose caused hy Col/c/o/riehuln spp. is the most serious postharvest disease of subtropical and tropical 
fnllt. Initial stages of inli:etion by Co/le/o/richuln occur before harvest and typically remain quiescent until fruit 
ripening. \1any studies have sought to determine the form and location of quiescent infection structures of Cuf

le/o/riehuln spp. in fruit. While some studies suggest that ungerminated appressoria represent the quiescent phase. 
others have shown that infection pegs and/or subcuticular hyphae may also be involved. In part. this confusion 
stems from the usc of detached fruit hy some workers. and the difficulty of locating infection pegs in histopa
thology studies. 

In studies of the infection process of C. g/ueo'I'orioides on unharvested avocado fruit. we found that the 
apprcssorium produced a short infcction peg in the cuticle of unripe fruit. Further growth of the infection peg was 
arn'sted until fruit ripening. Suhcuticular hyphal' were not observed in unripe fruit. The development of subcut
icular hyphae in studies by others could have been an artefact resulting from the inoculation of harvested fruit. Our 
studies have also shown that infections of C. gloeosporioitics established on fruit in the field do not always remain 
quiescent until ripening. The development of limited lesions up to 5 mm in diameter sometimes followed the ficld 
inoculation of avocado fruit with conidia of C. g/ocos!,orioides. TIle implications of these findings for control of 
anthracnose arc disclIssed. 

SPECIES of the genus ColletotrichufII arc commonly 
encountered in subtropical and tropical regions of the 
world and attack a very wide range of plants including 
cereals, grasses. legumes, fruits. and vegetables. Dis
eases caused by Cof/etotrichwlI are generally referred to 
as anthracnose and can result in damage to leaves, stems, 
tlowers, and fruit. In tropical and subtropical fruit. 
anthracnose causes serious postharvest losses. 

Infection of tropical and subtropical fruit by Colletol
richufII spp. commonly involves a period of up to several 
months where the fungus remains inactive or 'quiescent' 
after Initial establishment in or on the fruit surface. 
Resumption \)1' fungal activity occurs during the fruit 
ripening process when the physiological state of the host 
changes such that fungal development can procccu 
(Swinburne 1983). Although this period of quiescence 
has been the subject of numerous investigations in the 
past, some questions remain unanswered. One major 
uncertainty concerns the stage at which fungal develop
mcnt is arrested during the infection process. Resol\ ing 
this issue wi II aid in the development of practical disease 
control strategies for anthral'nose in tropical fruit. 

* QDPI. Division of Plant Protection, Meiers Road. [ndooroo
pilly. Queensland 4068, Australia. 
The University of Queensland. Centre for \1icroscopy and 
Microanalysis. St Lucia. Qlll~ensiand -+072. Australia. 
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The aim of this paper is to review current knowlcdge 
nC quiescent infection structures of Colletolrichwll spp. 
in tropical and subtropical fru it. 

Stages in the Infection Process of 
Colletotrichum spp. 

Infection of fruit by Co//clolrichum spp. involves a 
nutllber of stages. Early stages of infection include: \ I) 
arrival of inoculum (in the form of water-borne conidia) 
on the fruit surface; (2) adhesion of conidia to the fruit 
surface; (J) gl'rtllination of conidia in the prescnce nf 
free water: (4) germ tube elongation: and (5) appres,or, 
ium formation (JefTries et al. 1')')0). It is generall" 
agreed that this sequence of events does not vary with 
the species of ColletotrichufII or fruit in question. 

Events occurring after the fonnation of apprcssoria 
are, however, not entirely clear. In some Co//elu!ri .. 
chum-fruit interactions, it has been reported that once 
the appres . .,oriulll has formed, no further developmcnt 
occurs until fruit ripening; i.e. the apprcssorium remain.s 
quiescent. In these interactions it is claimed that the' 
appressorium genninates during fruit ripening to pro
duce an infection peg that penetrates the cuticic and 
underlying epidermal cells. In other ColI('/olricilllfll-' 
fruit interactions. however. it appears that the appres
sorium germinates in unripe fruit to produce an infection 



peg and, in some cases, a subcuticular hypha, In these 
interactions, it is claimed that the infection peg or sub
cuticular hypha remains quiescent until fruit ripening, 

Regardless of the form the fungus takes during the 
quiescent phase, further development of the pathogen 
during fruit ripening usually involves the production of 
both intracellular and intercellular hyphae. Cellular dis· 
ruption and eventually death results from this hyphal 
invasion. In advanced stages of lesion development, a 
compact mycelial stroma is fonned between the cuticlc 
and necrotic tissue from which acervuli are produccd 
(Chau and Alvarez 19R3: Davkin and Milholland 
I 984a). Conidia are released upon rupture of the cuticle. 

Demonstrating Quiescence of 
C olletotrichlJm I nfedions 

Various techniques have been used to demonstrate 
quiescence of Col/ctotricliulII infections in tropical and 
subtropical fruit. Wardlaw (1931) demonstrated quies
cence of C. llIusae in banana by isolating the fungus 
from the surface-sterilised peel of symptomless fruit. 
Quiescence of C. gloeosporioides was also demon
strated in avocado, mango, and citrus fruit using this 
technique (Baker 1938). Although these studies estab
lished that CollclOtrichum could remain in a quiescent 
slate without losing viability, they did not delllonstrate 
that the fungus was capable of resuming activity and 
inciting disease when cllnciiiilll1s became more favoura· 
ble for disease development. 

Several studies have reported the w;e or an inoculation 
technique to demonstrate quiescence of CollelOtrichullI 
infections in fruit. In this techniqlle. fruit at variolls 
stages of development are inoculated in the field with 
conidia of ColletotrichufII. When the inoculated fruit 
reach maturity, they are harvesll'd, ripened. and exam
ined for lesion development within inoculated areas. The 
development of anthracnose lesions within inoculated 
areas is taken as evidence for quiescent infection, 
although an assumption must be made that such lesions 
have not arisen from natural infection. The inclusion of 
un inoculated control fruit in such studies is imperative 
for making this assumption. This technique has been 
used to demonstrate quiescence of C. musae in banana 
(Simmonds 1941) and C. gloeosporioides in avocado 
(Binyamini and Schiffmann-Nadel 1972) and papaw 
(Dickman and Alvara 19X3). Qu ic,cent periods of up to 
several months were cstablished in these studies. 

An alternative to this approach for ,kmonstrating 
quiescence is to use a gl'nctic marker. The main advan
tage of using a genctic marker is that natural and induced 
infections can be clearly distinguisheJ. Coates et al. 
(1993a) used a benomyl-resistant Illutant to demonstrate 
quiescence of C. g/oco.lporioii/('s in avocado fruit. Fruit 
were inoculated with the mutant at various stages of 
development, harvested at maturity, and ripened. Isola-
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tion of the mutant from lesions within inoculated areas 
confirmed that the fungus was abk tD remain in a quies
cent state for periods Df at least 6 months before resum
ing activity during the ripening process. 

The Form of Quiescent Infection 
Structures in Host Tissue 

The investigation of quiescent infections is often bascd 
on the histopathological examination of artificially 
inoculated fruit tissue (Table I). Although such studies 
give direct evidence of the form of infection structures 
during the quiescent period, care mList be taken in the 
interpretation of results. One aspect requiring special 
consideration is thc method used to inoculate fruit. Most 
histopathological studies arc based on the inoculation of 
detached fruit in the laboratory. Fruit inoculated in this 
way arc incubated under optimum conditions for infec
tion and arc sampled at various stagcs during ripening. 
Alternatively, some studies arc based on the inoculation 
of fruit in the field. Although field inoculation is the 
preferred method because it reflects the process of natu
ral infection more accurately, both methods of inocula
tion need to be viewed with some degree of caution. 

Another important consideration when interpreting 
results of histopathological studies is the consistcncy of 
observations made, i.e. at what frequency is a particular 
infection structure produced? Ideally, conclusions 
should be based on a large number of observations. 
Where possible. histopathological observations should 
be quantified in Sllme way. althnugh this can be very 
difficult to do when observations arc based on the 
examination of thin tissue sections. 

Method of tissue preparation alS() varies considerably 
between different histopathological studies. For light 
microscopy. therc is a choice of using either thin sec
tions (usually 1-15 11111 thick) or cleared excised seg
ments of peel tissue. The main disadvantage of using 
sections is that it is difficult to build up a complete pic
ture unless numerous serial sections arc cxamined. 
Structures such as infection pegs can easily be missed 
because of their extremely narrow diameter. Although 
excised peel segments have the advantage of allowing 
the three·dimensional development of hyphae to be 
traced, it still remains difficult to locate narrow hypha I 
structures which are produced directly beneath appres
soria. In addition to this. some types of fruit tissue may 
not be suitable for clearing. 

Simmonds (1941) was among the first to make a 
detailed histopatholngical study of quiescent infection 
structures or C. fIIU.lac in banana fruit and of C. gloeos· 
porioides in mango and papaw fruit. In each of the 
interactions examined in this study (which was based on 
the inoculation of detached fruit), it was found that 
appressoria germinated on the surface of unripe fruit to 
produce infection pegs that penetrated the cuticle before 



Tahll' I. Qui,'scent inkcriof] structures of Co//ctotrichulIl spp in various fruit crops 

Fruit h"st 

Avocado 

Banana 

Blueherry 

Capsicum 

Citllls 

Grape 

Mango 

Orange 

Papaya 

Pathogen 

(". g/o('(}sporh,idcs 

C. tNUSlJC 

C. R/ocosjJoriuides 

C. clIl'sici and 
(;/ullIcrc/ia cinRUlallJ 

(~. g/(}('O.'}J(Jr;oidcs 

C. g/o{'()sporioidcs 

C. g/oc()spurioidc5; 

c. g/o{?osporioidcs 

C. g/ocosjJorioir/cs 

Inocuiatinn method 

Attached fruit 

Dc'taehed frui t 
Attached fruit 

Detached fruit 

Detached fruit 
Detached fruit 
Detached fruit 

!\ ttached fruit 

Detached fruit 

Detached flllit 
and naturally
infectc'ci fruit 

Attached fru it 

Detachl'd fruit 

Detached fruit 

Detached fruit 

broadening within or near the wall of underlying epi
dermal cells. Because there was no further development 
of these subcuticular hyphal structures in unripe fruit. 
Simmonds (1941) concluded that they represented the' 
quiescent phase of C. l/IU.\,{/(, in banana and of C. Rio<' 
osporioidcs in mango and papaw. 

Simmonds (1941) findings were confirmed in a 
numocr of subsequent studies. Fulton (194/\) reported 
the production of subcuticular hyphae in green llHnalo 
fruit inoculated with C. pizofl1oidcs. Similarly, \ubcutic
ular hyphae were observed in unripe orange fruit inocu
lated with C. g/oc()sporioides (Adam et al. 1949), and 
also in unripe banana fruit inoculated with C. fI1usac 
(Chakravarty 1957), 

During the 1970s and XOs, new evidence highlighted 
the importance of appressoria in the quiescence of Coi
iClotrichum in subtropical and tropical fruit. In avocado 
fruit inoculated with C. giocosporioidcs in thc fieid. 
appressoria were reported to represent the quicscenl 
phase rather than subcuticular hyphae (Binyarnini and 
Schiffmann-Nadel 1972). Further support I'm appresso
rial quiescence was given by Brown (1975 LIn citrus 

Ih4 

Form of qUleslTnt structure 

Subcuticular hypha 
Aflpn:ssorium and short 
infection peg 
Appn:ssoriulll and long 
infection peg 

Subcuticular hypha 
Subcuticular hypha 
ApprcssoriuTll 

Apprcssoriulll and lI'Ikction peg 

Apprcss<)riulll 

Aprrcssoriul1l 

Reference 

Rinyamini and 
Schiffmann-Nadel 1972 
Prusky ct al. 1991 a 
Coates et al. 1993h 

Coates et al. 1993h 

Simmonds 1941 
Chakravarty 1957 
Muirhead and Deverall 
19R1 

Daykin and Milholland 
19~4b 

Adikaram et al. 1983 

Brown 1975 

Appressorium and infcction reg Daykin and Milholland 
19R4a 

Suhcuticular hypha Simmonds. i 941 

Subcuticular hypha ;\dam cl al. 1949 

Subcuticular hypha Simmonds 19,\ I 

fruit naturally infected by C. gio('osporioidn, relatively 
t'ew apprcssoria had produced infectIon pegs. \Vhen 
infection pegs did form, they were located within llf 

oeneath the cuticle, intercellularly in the epidenni" or 
inter- and intraeeliularly in the upper 2 4 cell layers or 
rhe flavedo. No further development or these infection 
pegs was observed during ripening. 

Further evidence that appressllfia represent the quies
cent phaSe of CollclOlrichullt came from a reexamina
tion of the banana-c. musae interaction by Muirhead 
and Deverall (1981). In their study, it was found that 
both hyaline and dark appressoria were produced fol
lowing inoculation of detached, green banana I'ruit. 
Hyaline appressoria produced suocuticular hyphae in 
thl' peel of green fruit causing a hypersensitIve reaction 
in neighbouring cells. No further development of Ihese 
subcuticular hyphae was observed during ripening. On 
the other hand, dark appressoria remained qu icsccnt on 
the surlace of unripe fruit. producing subcuticular 
hyphae only during ripening. It was these subcuticular 
hyphae which led to the colonisation of underlying tis
sues and cYl'ntual formation of anthracnose lesions. 



In detached, immature capsicum fruit inoculated with 
Glomerella dngulata, only a small proportion of 
appressoria produced infection pegs which penetrated 
the cuticle and outer epidermal cell wall before ceasing 
growth in the lumen (Adikaram et al. 1983). Most 
appressoria remained quiescent on the surface of fruit. 
All appressoria produced following inoculation of 
detached, immature capsicum fruit with C. capsid 
remained quiescent on the fruit surface. 

Histopathological studies of C. gloeosporioides 
infection in field-inoculated grape and blueberry fruit 
revealed that infection pegs were produced in the peel of 
unripe fruit within one week of inoculation (Daykin and 
Milholland I 984a,b). In grape, approximately 35% of 
appressoria germinated to produce infection pegs which 
ceased growth in the cuticle until fruit ripened. In blue
berry, only 3-1 I % of appressoria were observed to pro
duce infection pegs, although it was acknowledged that 
a higher percentage of infection pegs may have been 
present but not observed due to the thinness of the cuti
cle and the fineness of infection pegs . 

Most of the latest research on quiescent structures of 
Colletotrichum has been conducted on avocado. In con
trast to the findings of Binyamini and Schiffmann-Nadel 
(1972), recent evidence suggests that germinated rather 
than ungerminated appressoria represent the quiescent 
phase of C. gloeosporioides in avocado. Prusky et al. 
(1991 a) found that within 72 hours of inoculation of 
detached avocado fruit with C. gloeosporioides, appres-

c 

Figure 1. (Above) TEM of the quiescent infection structure of 
C. gloeosporioides in avocado: a germinated 
appressorium 

Figure 2. (Right) TEM of infection peg development (c. gloeo
sporioides) during ripening of avocado fruit. Legend: 
Ap ~ appressorium; IP ~ infection peg; PH ~ primary 
hypha; W ~ wax layer; C ~ cuticle; ECW ~ epidermal 
cell wall 
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soria had germinated to produce infection pegs which 
penetrated the cuticle and reached epidermal cells 
before ceasing growth. This finding was confirmed in a 
similar study of laboratory-inoculated avocado fruit by 
Coates et al. (1993b), although in field-inoculated avo
cado fruit it was found that appressoria produced only a 
short infection peg (less than 1.5 J.Iffi long) in the cuticle 
of unripe, attached fruit before ceasing growth (see Figs 
I and 2). From these studies, it is apparent that there is 
a difference between field-inoculated and laboratory
inoculated fruit in terms of the development of infection 
pegs. The possible cause of this difference is discussed 
in the next section. 

Although most studies aiming to determine the form 
of quiescent infection structures have been based on 
histopathological observations, some evidence support
ing the theory that subcuticular hyphae are the quiescent 
structures has come from studies based on the effect of 
surface sterilants. Simmonds (1941) used mercuric 
chloride to surface sterilise banana fruit which had been 
field-inoculated with C. musae 6 days previously. He 
found that anthracnose levels in ripe fruit which were 
previously inoculated and surface-sterilised were simi
lar to those in fruit which were inoculated but not sur
face-sterilised , indicating that the quiescent infection 
structures were present below the fruit surface. A sub
sequent study, however, raised some questions on the 
effectiveness of mercuric chloride as a surface sterilant 
(Muirhead and Deverall 1981). Hyaline appressoria 



produced on glass slides were killed by mercuric chlo
ride, whereas the germination of dark appressoria on 
glass slides was merely delayed. In addition, mercuric 
chloride failed to kill dark appressoria on the surface of 
banana fruit. 

Given the considerable variation in conclusions drawn 
by different researchers studying the same host/pathogen 
interactions. it is apparent that the issue of quiescent 
infection structures of Colletotrichum is still not com
pletely resolved. In our own studies, we found that infec
tion pegs produced in the cuticle of unripe field
inoculated avocado fruit were both short (less than 1.5 
~) and narrow (ca. 0.5 /lin), making them very difficult 
to discern despite having access to the latest microscopy 
and microtomy equipIllent. It is not difficult to imagine 
how some of the early studies may have overlooked the 
existence of such structurcs. Given the inconsistencies 
reported in the literature. it would be appropriate to reex
amine the infection process of CO//e/o/richum spp. in 
other fruit hosts. In an effort to standardise procedures 
used in the study of quiescent structures, it is proposed 
that future studies be based on the inoculation of attached 
rather than detached fruit. Fruit tissue sampled in the 
field should be fixed without delay, and sampling of 
field-inoculated fruit after harvest should be related to 
fruit ripening rather than to time after harvest. 

The Relationship between the Production 
of Antifungal Compounds and the 

Development of Quiescent Infection 
Structures 

Antifungal compounds. both preformed and induced, 
have been implicated in the regulation of quiescence of 
Colletotrichum spp. in subtropical ami tropical fruit. 

There is considcrable evidence to suggest that pre
formed antifungal compounds are involved in the 
quiescence of C. gloeosporioides in avocado fruit. An 
antifungal diene was shown to be present in fungitoxic 
concentrations in the peel of unripe avocado fruit 
(Prusky et al. 1982). The concentration of this diene 
decreased to sub-fungitoxic levels by the time disease 
symptoms first appeared during fruit ripening. In resist
ant cultivars such as Hass, levels of the diene did not 
decline as rapidly during ripening as they did in suscep
tible cultivars such as Fuerte (Prusky et a1. 1988). In 
addition, treatments which delayed the degradation of 
this compound during fruit ripening also delayed the 
onset of symptom development (Prusky 1988; Prusky et 
al. 199Ib). 

Although diene concentration was found to decrease 
gradually during ripening of avocado fruit, a sharp yet 
temporary decline was exhibited immediately after har
vest (Prusky et al. 1991 a). Within 16 hours of harvest. 
diene levels had declined to sub-fungitoxic levels. 
Levels had recovered to toxic concentrations by 72 
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hours after harvest. This finding IIlay help to explain 
why the inoculation of freshly harvested avocado fruit 
with C. g/oco.lporioides results in the production of long 
infection pegs (Prusky et al. 1991 a; Coates et al. 1993b), 
whereas the inoculation of attached fruit results in the 
production of short infection pegs only (Coates et al. 
1993b). This highlights the importance of inoculation 
method in the study of quiescent infections. 

It was also found that time elapsed between harvest 
and recovery of toxic diene levels decreased with 
increasing fruit maturity (Prusky and Plumbley 1992). 
indicating that fruit maturity and ripeness stage should 
also be taken into account when interpreting results of 
histopathological studies. 

Links between the production of phytoalexins and 
quiescent infections of Co//c/o/richum have been dem
onstrated in some fruit such as banana (Muirhead 1979; 
Brown and Swinburne 1980) and capsicum (Adikaram 
et al. 1982), although further studies are needed to clar
ify their role in other fruit hosts. In avocado, it appears 
that the preformed antifungal diene shows some of the 
characteristics of a phytoalexin in that its concentration 
can be enhanced by infection or challenge inoculation 
with C. I{/oeosporioides (Prusky and Keen 1993). Diene 
levels can also be enhanced by certain abiotic treatments 
such as exposure to high concentrations of CO2 , These 
findings will have important implications for the devel
opment of practical control measures for anthracnose. 

Preharvest Development of 
Colletotrichum Infections 

Although anthracnose is predominantly a postharvest 
disease of tropical amI subtropical fruit, symptoms may 
also develop before harvest in some hosts. This has been 
extensively documented in the case of avocado fruit. 
Preharvest losses of immature avocado fruit due to 
anthracnose can be extremely high (Fit/ell, 1983). The 
reason why some infections remain quiescent until fruit 
ripening whereas others proceed to develop without a 
quiescent period is not entirely clear. Two types of pre
harvest anthracnose lesions were described by Fit/ell 
(1987). 'Type I' lesions were large (1-4 cm diameter), 
spreading lesions which generally developed singularly. 
whereas 'Type 2' lesions were small (1--5 mm diame
ter), limited lesions which usually occurred in groups. 
'Type I' lesions were usually associated with skin inju
ries (insect or mechanical) and in most cases resulted in 
premature fruit fall. Fitzell (1987) proposed that 
wounding the fruit surface may cause localised fruit 
ripening and hence a reduction in antifungal diene 
levels, enabling conidia washed into the damaged tissue 
to gern1inate and colonise the Ilesh. It was acknowl
edged, however, that this theory does not explain why 
artificially inoculating fruit with C. gloeosporioides 
prior to wounding (caused by insects) did not result in 



symptom development. 'Type 2' lesions, on the other 
hand, were usually associated with lenticels rather than 
skin injuries and in most cases did not result in prema
ture fruit fall. Fitzell (1987) was unable to reproduce 
these lesions by artificially inoculating fruit, although in 
a subsequent study Coates (1991) reported the produc
tion of similar lesions in unwounded field-inoculated 
avocado fruit. Within 10 davs. some fruit inoculated 
with C. glucuspurioides at ,; rate of 106 conidiaimL 
developed limited lesions, whereas no fruit inoculated at 
a rate of 104 conidiaimL developed these symptoms. 
Clearly, inoculum concentration was an important factor 
in the development of these lesions. The relationship 
between inoculum concentration, diene conccntration 
and symptom development should be examined in 
future studies. 

Future directions 

Although there has been considerable research into 
quicscent infections of Colletotrichum in tropical and 
subtropical fruit, a number of areas still warrant further 
investigation: 
I, Detection of quiescent infections - QLtiescent infec

tions are not visible at the time of harvest. The devel
opment of a simple method to estimate levels of 
quiescent infections in unripe fruit would allow post
harvest losses due to anthracnose to be dramatically 
reduced. Such a method would be particularly useful 
for export fruit where reliable quality is critical. 

2. Preharvest changes in antifungal compounds - Little 
information is availablc on what influences the con
ccntration of antifungal compounds in fruit tissue 
before harvest. Such infomlation may aid in our 
understanding of the causes of preharvest anthracnose 
development in some fruit hosts. 

3. Antifungal compounds - The production of antifun
gal compounds in fruit other than avocado need to be 
examined in more detail. 

4. Quiescent infection structures - As highlighted in 
this review, many histopathological studies have been 
based on the inoculation of detached fruit. Given the 
potential problcms associated with this method, some 
Collctotrichum-fruit interactions should be reexam
ined using field-inoculated fruit. In addition, where 
observations lead to the conclusion that infection pegs 
and/or subcuticular hyphae are involved in quies
cence, it would be useful to know whether such 
structures are still dependent on the appressoriulll for 
survival, 
It is important that the whole issue of quiescent 

infection structures of Collctolrichum in fruit tissue be 
finally resolved so that effective new disease control 
measures can be developed on the basis of a thorough 
understanding of the infection process. 
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Pre harvest Fungicidal Sprays for Postharvest 
Disease Control in Fruits 

A. Keith Thompson* 

Abstract 

This paper reviews the results of studies of the effectiveness of preharvest fungicidal sprays in controlling various 
postharvest rot diseases. Results from a number of temperate and tropical li'uits are discussed. including apples. 
strawberries. raspiJcrries. Iychecs. mangoes. and bananas. It is concluded that lield spraying crops with chemical 
fungicides can reduce postharvest diseases but results will no! always he consistent. Integrated control proce
dUf(~s. coupled with a knowledge of the causal organism. are crucial to effective disease control. 

MANY postharvest diseases of fresh fruits and vegeta
bles begin during production. Microorganisms may well 
be on or in the crop at harvest and be taken into storage 
or through the marketing chain and continue to develop 
and cause disease. The time between infection and thc 
symptoms of the discase dcveloping may be lengthy as, 
for example, in anthracnose in bananas, which can take 
over 5 months (Simmonds 1941). 

Routes of Infection 

Fungal and bacterial infections can occur through 
mechanical injuries and cut surfaces of the crop, growth 
cracks, or pest or disease damage. Thcy also infect 
through natural openings in the surface tissue of the 
crop, such as stomata, lenticels, and hydrathodes. Many 
Cungal species are able to penetrate the intact skin of 
fruit. The spores may germinate on the surface of the 
fruit, often as a response to specific chemicals released 
from the host, producing a hypha. With some species of 
fungi this terminates in a swelling called an appressor
ium as, for example, in Collelotrichium spp. In other 
cases, e.g. Plasmodiophora brassicae, the spore germi
nates and produces an adhesorium through which the 
fungus penetrates the host directly. C. rnusae conidia 
were shown to germinate more readily and appressoria 
production was greater on the surface of banana fruit 
than in water (Swinburne 197(,). 

Appressoria are resistant to adverse environmental 
conditions and are difficult to control with chemical 
fungicides. They may remain dormant for several weeks 
before the hypha begins to grow and penctrate the cuti-

* Postharvest Technology Department, Silsoe College, Cran
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cle of the host and infect the tissue below. The mode of 
penetration is still being investigated but it is probable 
that penetration occurs by hypha I growth pushing into 
the cells by sheer force using the appressorium as an 
anchor. When the fungus has penetrated the host it 
breaks down cells by excreting enzymes which attack 
and dissolve the host's cells forming a liquid which is 
transmitted osmotically into the fungal hyphae. In some 
species of fungi the hyphae grow between the host's 
cells and penetrate the cells with haustoria which feed on 
the cell contents. 

Preharvest fungal infections which cause postharvest 
rots can occur on most crops. In mangoes the fungus 
which causes anthracnose disease (Ctomereffa cingu
lata, conidial stage Colletotrichum gloeosporiodes) is a 
field infection that usually only develops as the fruit 
ripens. Therefore fruits which look perfectly healthy at 
harvest may develop the disease symptoms after harvest 
(Thompson 1987). 

Crop hygiene can be important in reducing field 
infections and infestations which may be carried into 
storage or the marketing chain. This usually involves 
removal of rotting material from the field, especially 
fruit windfalls or tree prunings. It can also involve effi
cient weed control of species which might be alternative 
hosts for disease-causing organisms. 

Pre harvest Spraying Strategies 

Miscellaneous fruits 

Preharvest sprays with chemical fungicides have been 
shown to reduce postharvest diseases but the effects 
have not always been consistent. In Britain single sprays 
of apples with 0.025'1; benomyl in either June, July, or 



August controlled rots causcd by infection with G/oeos
porium spp., which developed in subscqucnt storage 
from September onwards at 3.Y'C in unsprayed fruit. 
The observations were made over two seasons and the 
fungicide appl ied at 1120 Uha (Edney et al. 1977). 
Application of benomyl and dichlotluanid to strawber
ries and raspberries, from early tlowering to J 4 days 
before the first harvest, gave mixed results in tcrms of 
disease levels on the fruit during subsequent storage 
(Dennis 1975). In the first year both treatments reduced 
rotting in storage in the early part of the season, but in 
the second year only thc dichlotluanid treatment was 
effective at this time. In the lattn part of the season there 
was little difference bctwcen sprayed and unsprayed 
fruit on storage rots. In the early part of the season most 
of the rotting was caused by BOin'lis eiflam while in the 
latter part it was mainly due to ,Wueor mULcdo. Strains 
of B. cinerea resistant t<) the ben/imidamle fungicide 
were detected (Jordan ami RidllllOnd i 974), which 
restricted its use on sort fruit. Fruit ruts on Iychees 
caused by a range of fungi were not controlled by pre
harvest sprays with lime, sulfur, or copper compounds 
but ptlstharvest treatment with 0.05'70 benomyl at 52°C 
for 2 minutes was found to be effective (Scott et al. 
1982). Control of fruit rots in cucumber caused by Did
ymclla bryoniae were reported after the growing crop 
was sprayed with either benomyl, chlorothalonil. or tri
forine (Van Steckclenburg 1982). 

Mangoes 

Thompson (1987) rl'vicwcd prcharvest sprays of 
mangoes to control anthracnml'. Rcc<)mmendations arc 
for field application Ill' chemical fungicides often fol
lowed by postharvest hot water treatment usually com
bined with a fungicide. In Florida. cupric hydroxide at 
2.4 giL or tribasic copper sui fate at -,,(, giL plus the 
organic sticker Nu-Film 17 at 0.125% applicd at 
monthly intervals at 57 Utree from tlowering to harvest 
gave good anthracnose control (McMillan 1972). Beno
myl at 0,3 giL plus Triton B 1956 at 0.15 mUL at 57 1) 

tree at monthly intervals from tlowering to 30 days 
before harvesting was shown to be very effective against 
anthracnose on mangoes (McMillan 1973). Manco/cb, 
chlorothalonil, and ferbam were shown to be equally 
effective as field sprays against mango anthracnose in 
Florida (Spalding 19X2), 

Trials carried out un Kett mangoes in South Africa 
showed that two pre-flowering applications of copper 
oxychloride and two applications of Bayfidan (triadim
enol) during !lowering, foli()wcd by monthly applica
tions of copper oxychloride from fruit set, ensured 
effective control o( anthracnose (Lonsdale 1992). 
Sprays were applied to runull at about 20 Ltree. 

In Australia. mancozeb applied at 1.6 giL active 
ingredient as a weekly spray during tlowering then as a 

monthly spray until just beforc harvesting gave good 
control of mango anthracnose (Grattidge 1980). In stud
ies in the Philippines field sprays with mancozeb or 
copper were effective in controlling mango anthracnose 
and superior to either captan or zineh (Quimio and 
Quirnio 1974), 

Soft brown rot of mangoes in South Africa, caused by 
Nallassia mangifcrae, is due to field infections, which 
were shown to be controlled by applications of copper 
oxychloride in June (pre-flowering) and January. Fur
ther applications after fruit set (between June and Janu
ary) did not enhance control of the disease (Lonsdale 
1992). 
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Papaya and guava 

In the Yemen, the contful <)1' anthracnose in papaya, 
also caused by C g/ocosporiudcs, was achieved by pre
harvest sprays with flletiral1l XO(;!' wettable powder at 
200 g/ I 00 L of water, or propineb 70'1c at 200 gil 00 L of 
water, or copper oxychloride 50% wettahle powder at 
400 giiOO L of water, applied at 7-10-day intervals 
(Kamal and Agbari 1985). They al~o recommended the 
same treatments with either metiram or propineb for 
control of fruit canker caused by Peslaioliopsis psidii in 
guava. Snowdon (1990) also recommends orchard 
application of chemical fungicides as well as posthar
vest dips and low-temperature storage for P. fJsidii con
trol in guava, 

Bananas 

Premature fruit ripenini' is a COl1lmon problem of 
bananas, particularly those which enter international 
trade. This can be manifest on the ,'I"C'P before harvesting 
or it may only be observed as a 'physiologieal disorder' 
after harvest. Fungicide appl ications in the field to con
trol Sigatoka leaf spot (Micosphaerella musico/a) were 
shown to reduce premature ripening. Application of 
propiconalOle at 50 g active ingredient per ha plus 4 
litres of mineral oil per ha, or propieonazole at i 00 g 
active ingredient per ha alone, reduced premature ripen
ing from 100% on controls to 0% on treated fruit 
(Ralmcy et al. 1987). An explanation for this effect is 
that the disease puts the banana plant under strain and 
premature ripening is a response to that strain. 

Contraindicatiol1s 

It has been shown that prl'harvest chemical fungicide 
application can actually result in an increase in posthar
vest disease, Stem-end rot or llIangoL's in Australia was 
shown to be caused hy prcharvest infections with 
DOlhiorella dOIll ill ieilllli , D. mangilerac, Phomopsis 
l1laflgi(erac, Lasiodip/odia fheohromae Cylosphaera 
mangi(crae, and Pesla/opfiopsis spp. (Johnson et a1. 



1992). They also sho\\'L'd that these rungi occur widely 
on mature branches amI. in certain conditions, colonise 
the intlorescence tissue as it matures thus reaching the 
stem end or fruit through the pedicel. These infections 
remain latent until after the fruit has been harvested or 
until the fruit on the tree becomes senescent. However, 
Johnson et al. (1992) found a higher level of stem-end 
rot caused by [)othiorella dominicana in a mango 
orchard that had been regularly sprayed with a copper 
fungicide than at another site which had not been 
sprayed. At the unsprayed site the mangoes were exten
sively diseased with anthracnose which may have pre
vented Dothiorella dOlllinimna infecting the fruit from 
the pedicel where it was detected. 

Conclusion 

It can be concluded that rield spraying crops with 
chemical fungicides can reduce postharvest diseases but 
results will not always be consistent. intcgrated control 
procedures coupled with a knowledge of the causal 
organism is crucial to effective disease control. 
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A Review of Biological Control of Postharvest Diseases of 
Subtropical Fruits 

Lise Korsten, E.E. De Villiers, F.e. Wehner, and J.M. Kotze* 

Abstract 

Biological control of subtropical crops has been investigated for the past seven years at the University of Pretoria. 
South Africa. TIlis article reviews the results and discusses the findings in relation to related studies on temperate 
crops. Various Bacillus spp. originally isolated from leaf and fruit surfaces effectively controlled anthracnose of 
mango and avocado. [)othiorellalColletotrichum fruit rot complex of avocado, stem-end rot of avocado and 
mango. soft brown rot on mango and postharvest decay and secondary infections on Iychee. Control was achieved 
with semicommercial packhouse dips. sprays. ultralow volume. or wax applications. Integrated treatments 
involving antagonists combined with quarter to recommended dosage of fungicides such as prochloraz. benomyl. 
or sodium hypochlorite also effectively suppressed postharvest diseases of avocado and mango. Enhanced control 
of mango postharvest diseases could he achieved by incorporating the antagonists in commercial warm water dips 
(S2°C), Using a mixture of antagonists was not necessarily more effective than using the antagonists on their own. 
Consistent control of avocado postharvest diseases could be achieved on four different avocado cultivars viz. 
Fuerte, Hass, Ryan, and Edranol. 

BECAUSE of long transit periods. postharvest losses due 
to disease are often greater in export shipments of tropi
eal and subtropical fruits than in domestic consignments 
(Harvey 1978). Conservative estimates place U,S, and 
Asian losses offruit and vegetables at around 25% of the 
harvested crop, whereas losses as high as 50% have been 
recorded from Africa (Wilson and Wisniewski 1989; 
Jeffries and Jeger 1990). These losses are generally 
assessed at a single point in the postharvest food chain. 
Losses in grocery stores, restaurants, kitchens, etc, are 
seldom calculated (Wilson and Wisniewski 1989), 

Fungicides are a primary means of controlling post
harvest fruit diseases (Eckert and Ogawa 1985), 
Although normally applied after harvest, preharvest 
fungicide applications are equally important in reducing 
postharvest losses (Jeffries and Jeger 1990; Thompson, 
these proceedings). However, protective preharvest 
fungicides often leave unacceptable residues on fruit. 
These residues can result in rejection of export consign
ments unless removed in the packhouse, thus unavoida
bly adding to production costs (Korsten et aL 1989), In 
addition, buildup of pathogen resistance has been 
reported for fungicides such as benomy I (Delp 1980; 
Spotts and Cervantes, I 986; Darvas and Kotzc 1987), 
Added to this, registration of new chemicals for eco-
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nomically less-important crops such as Iychee, is often 
hampered by the smallcr rcturn on investment perceived 
by chemical companies, Therefore, with growing inter
national concern over the often indiscriminate use of 
fungicides, and the potential detrimental effect on the 
environment and human health, alternative disease con
trol measures are urgently required, 

One such alternative is biological control (Droby et 
aL 199Ia), Biological control in its various forms has 
been known to man long before scientists utilised the 
concept to purposefully control disease, Since Stanford 
and Broadfoot used the term to describe their work on 
'take-all' of wheat in 1916 (Sharma and Sankaran 
1988), pioneering work has been done on soil-borne 
diseases (Leben 1965; Cook and Baker 1983). Although 
research on biocontrol of air-borne diseases started to 
gain momentum in the second half of the twentieth cen
tury, only in the last decade has it shown real progress 
(Wilson and Wisniewski 1989; Wisniewski and Wilson 
1992), 

Several antagonistic microorganisms capable of con
trolling a wide spectrum of fruit pathogens on a variety 
of crops are known (Table 1). 'The history of biocontrol 
research on fruit crops has largely been successful in the 
laboratory, but a failure in the field (Wilson et aL 1991), 
A few notable exceptions have progressed to field or 
pack house experiments Crable I). Of these, only Hof
stein et aL (1991) and Droby et al. ( 1991 b) with citrus. 



Korsten et al. (1991 a), Korsten and Kotze (1992) with 
avocado, and Korsten et al. (1991 b) and Koomen and 
Jeffries (1993) with mango have succeeded in control
ling natural infections of postharvest pathogens undcr 
commercial packhouse conditions. In some instances. 
disease control was equal or better than that achieved 
with commercial fungicides. Nevertheless, commercial 
3pplication of biocontrol agents for control of fruit dis
eases is, as far as can be determined, limited to the use 
of Trichoderma spp. (trichodermin) against grey mould 
on strawberry (Lynch 1988). B. subtilis (MBI 6(0) has 
also been developed commercially and preliminary for
mulations were effective in controlling Botrytis cinerea 
Pers. ex Nocca and Balb. on strawberry (Rodgers 
1989). 

This paper gives an overview of the status of research 
and development on biological control of subtropical 
fruit crops in South Africa over the past seven years. 

Subtropical Crops 

Avocado (Persea americana Mill.) is the fourth most 
important subtropical crop cultivated in South Africa 
(Garbers 1987), while mango (Mangifera indica L.) and 
lychce (Litchi chinensis Sonn.) arc gaining in signifi
cance (Milne, these proceedings). Fuerte is the most 
widely cultivated avocado cultivar in South Africa. rep
resenting 43% of the total plantings (South African 
A vocado Growers' Association 1991 Avocado tree 
census), with other important cultivars including Hass, 
Ryan, and Edranol. Although several mango cultivars 
are cultivated in South Africa, the most important for 
export are Sensation, Tommy Atkins, and Kent. More 
than 60% of the Iychee cultivars grown in South Africa 
represent HLH Mauritius (Tai So), followed by the 
Madras group (Oosthuizen 1989). The majority of fruit 
is exported to Europe by sea. Extended storage condi
tions of up to 30 days place these crops under consider
able physiological stress, which can result in significant 
losses due to postharvest decay (Swarts 1989). On the 
overseas markets, high incidences of anthracnose (29%) 
and stem-end rot (15%) have been recorded in some 
avocado consignments from South Africa (Bczuiden
hout and Kuschke 1983). 
Commercial control of avocado and mango fruit dis
eases in South Africa mainly involves preharvest sprays 
with copper oxychloride (Vermeulen et al. 1992). Post
harvest hot water dip treatments (52°C for 5 min) with 
benomyl is cUlTently used on mango fruit (Vermeulen et 
al. 1992). Although prochloraz and thiabendazole are at 
present registered for use on avocado in South Africa 
(Vermeulen et al. 1992), they are not used commercially 
on export fruit. Lychee postharvest diseases arc mainly 
controlled with postharvest sulfllr dioxide (S02) fumi
gation (Swarts 1989) and by postharvest temperature 
management (Kremer-Kohne and Lonsdale 1991). 
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However, Botha et al. (1988) reported an increase in 
postharvest decay when the Mauritius cultivar was 
treated with S02' 

Research Strategies 

Biological control can be defined as the manipulation of 
natural processes to reduce losses to crops. A number of 
potential biological control avenues arc open for con
trolling postharvest diseases of fruits (Wilson and Wis
niewski 1989). Among these arc: (I) manipulation of the 
host, which include approaches such as induced resis
tance, phytoalexins, resistance breeding, and genetic 
manipulation; (2) modification of the environment 
(tempemture, humidity, and gaseous atmosphere); P) 
reduction of the inoculum by sanitation principles and 
physical approaches such as hot-water dipping and irra
diation; and (4) by direct or indirect lise of antagonistic 
microorganisms (Wilson and Wisniewski 1989; Jeffries 
and Jeger 1990). The last-mentioned biological strategy 
can be achieved by stimulating indigenous organisms to 
prevent the establishment of the pathogen, or by direct 
application of antagonists to the plant surface (bioaug
mentation) (Jeffries and Jeger 1990). 

Our research strategies routinely included an initial 
ecological study of the leaf and fruit microtlora of the 
particular crop, and in vitro and in vivo screening of 
potential antagonists against the full spectrum of post
harvest pathogens. This was followed by field or pack
house application of potential antagonists, and 
eventually by investigating the mode of action, as well 
as antagonist attachment and survival. Our current 
research centres around first-tier toxicological tests and 
continued semi-commercial evaluation of antagonists 
(Fig. I). A patent (SA patent no. 290-3764) has been 
granted as a result of this work. 

Pre harvest vs Postharvest Biological 
Control 

Eckert and Ogawa (1985) outlined four strategies for 
control of postharvest disease, viz. reduction in inocu
lum, prevention, or eradication of field infection, inacti
vation of wound infection and suppression of disease 
development and spread. Implementation of the first 
two of these strategies can most effectively be achieved 
preharvest, and postharvest with the latter two. Korsten 
et al. ( 1989) controlled the avocado postharvest diseases 
anthracnose, stem-end rot (SE), and Dothiorcllai 
Colletotrichufll fruit rot complex (DCC) with Bacillus 
suhtilis (Ehrenberg) Cohn sprayed onto trees at intervals 
during fruit development, or applied as a postharvest dip 
or wax treatment. Korsten et al. ( 1991 b: 1992) also suc
ceeded in reducing anthracnose of mango with either 
preharvest Bacillus Iicheniformis (Weigman) Chester 
sprays or postharvest dips. 



-.J .... 

Table 1. Published reports on biological control of fruit diseases 

Commodity 

Apple (Malus 

syll'e"lris Mill.) 

Apricot (Prunus 
armenioc() L.) 

Avocado (Per,eo 

americana Mill.) 

Disease 

Blue mould 

Grey mould 

Mucor rot 

Dry eye rot 

Scab 

Fireblight 

Brown rot 

AnI hracnose 

Dothiorellai 

Colletolrichum 

fruit rot complex 
(DCc) 

Stem-end rot (SE) 

Pathogen 

PenicUUunl e.lp£lllsum Link ex Gray 
P. expansum 

P. expansum 

P. expansum 
P. npansum 

Antagonist 

Pseudomonas sp.: yeast 
Pseudomonas cepacla 
Palleroni and Holmes 
p, «('pacia 

Cwulida sp, 

K /oeckera apiculata 

(Reess emend. KlOcker) Janke 

StalUs of researcha 

In vivo; AT; EC 

In vivo; EC 

Tn vivo; EC 

Tn vivo: EC 

Tn vivo; AI: I.C 

BOlrylis cinerea Pers, n Nocca and Balb, Acremonium bre\'e (Sucapure and Tn vivo; EC 

Thirumalachar) W, Gams, 

B. cinerea 
B. cinerea 
B. cinerea 
B. cinerea 

B. cinerea 
Mucor piriformis Fisher 
B. cinerea 

B. cinerea 
Venturia inaequa/is (Cke,) Wine 

Ii. inaequalis 

En"inia amy/m'ora (Burrill) Winslow. 

Broadhurst. Buchanan. Krumwiede. 

Rogers and Smith 

Moniliniajruclicolu (Wine) Honey 

Col/etotrichum g/on)slJ()rioidcs Pcn/ig 
C. gioeosporioides and DOfhiorella 

aromalica (Sacc.) Petrak and Sydow 

C. gloeosporioides; D. aromatica: 
Thyronectria pseudotrichia (Schw,) 

Seeler: PhonJ0ps;s perseae Zerova: 
Lasiodipiodia theobromae (Pat.) Giffon 

and MaubL; Fusarium solani (Mart.) 

Appel and We. emend. Snyd. and Hans, 

P. (ppacia 
Pichia guilliermondii Wickerhamb 

Candida sp.b 

Cryptococcus laurentii 
(KutT.) Skinner 

K. apicalata 

In vivo; EC 

In vivo; AT; FC 

In siso; EC 

Tn si\'o; AT; BEF 

In vivo; AI; LC 

P. eepacia In vivo; AI; EC 

Trichoderma har~ianum Rifai Field sprays; NI; BEF 

Trichoderma pseudakoningii Rifai Field sprays: EC 

Chaetomium gio/Josum Kunze and In vivo on leaves; EC 

Stend,; Athelia bomhacina Pers, 

C.globosum 

E. amy/ol'ora; Pseudomonas. 
syringae pv tahaci (Wolf and 

Foster) Young et aL 

Growth chamber; field; NC 

In vivo; AI; FC 

Bacillus suhtili,. (Ehrenberg) Cohn In vivo; AT; EC 

B, subtilis; 

Bacillus cereus Frankland and 

Frankland; 

Bacillus licheniformis (Weigmann) 

Chevter 

Preha" est field sprays; 

Po>tharvest dips; NT; IC; 

EC; ECC 

Reference 

Janisiewicz 1987 

Janisiewicz 1988 

Janisiewicz and Roitman 1988 

McLaughlin et aL 1990 

McLaughlin et al. 1992 

Janisiewicz 1988 

Janisiewicz and Roitman 1988 

Wisniewski et at. 1988 

McLaughlin et at. 1990 

Roberts 1990a 

McLaughlin et aL 1992 

Janisiewicz and Roitman 1987 

Tronslno and Ystaas 1980 

Tronsmo and Raa 1977 

Heye and Andrews 1983 

Boudreau and Andrews 1987 

Wrather et al. 197, 

Pusey and Wilson 1984 

Korsten et al. 1989 

Continued on next page, 
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Table I. Continued. 

Commodity 

A \'ocado (Pasco 
umeTicurla Mill.) 
(cont'dl 

Blucbcrry 

(Vacciniul1l 

corymhosum L.) 

Di:-,cLl-"C' 

/\nthracnosc 

DCC 
SE 

Anthracnose 

DCC 

SE 

Alternari:..t fot 

Cherry (Prunus Alternaria rot 

orium L. X P. cerasus Brown rot 

L.i 

Citrus spp. Blue mould 

Green mould 

Pathogen 

( . g/Ol'o!,sporioid(:',\ 

C. <.;/()cnsporioidn: D. urrmwf/c'(J 

C. g/ocmporioidc\: D. oroTnalh'u: 

1". /H(udofrichio: P. peneue: 
L. fh('ohrollioc: F. w/oni 

C. li/(}COp-Ipor;oirie,\ 

C. r.;/oc(}Iporioitic\: D, oromotic(J 

C. r.;/m.'osIJOrioidn: f), arol1wtic(): 

T. pseudo/richi;): P.[wrsew): 

L rheohrollwe: F. s%n; 

Alrernariu afIerl1d/o (Fr.) Keissler: 

Alternaria tenu/I,linw (Kunze ex Per".) 
\Vlll ...... 

A. a/terl/ala 

,/1,1. jrucric% 

PenicilliulIl ito/icufli \Vehmer 

P. iwlicum 

P. ito/iculII 
P. itu/i('ulII 
PeJIicillium dit;it(/fUm (Pen .. c\ St.-/\rn.) 

Sace. 
P. digit(jfum 

P. Jigitatum 

P. Jigitatum 
P. digitatum 
P. digilatum 
P. digitalum 

Antagoni<" 

B. SUhfilis 

B. subtilis: B. cereus 
B.licheJI(jC)rmi,\ 

P. cepucfa 

B. suhfilis 

B. suhfilis 

P. ('epac/a 
P. ('epatia: Aureohusidium 
pulluluns (De Baryl Amaud: 
Pseudomonas syril1J{ut' Van HalL 

Deharyomyces hansenii (ZopO 
Van kiJb 
P. l{uilliermoJIdiib 

D.IU1JIseniib 

H.I"/Jbtili.\ 

JhrOfhecium roridum Tode 

ex Steudel: /~{rrofhecium 
rerrucuria (Alb. and Schw.) 

Ditm. ex Steudel 
P . .\yringue; D. hunsenii: 
A. pullu/ofi.\: P. (('/l£lcia 

Trichodernw I'iride Per~. ex Gray 

T. riride 
D.lwl1.\cniib 

P. ('epacia; P.leudomoJIw 
corruga/a Roberts and Scarlett 
Ps('udomoJIasjluorcscens Migula 

St~ltU\ of researcha 

Po"hane,t dip: NI: IC: FC: 
ECC; PT 

PeNhane,t dip: NI; IC: EC: 

ECC: PT 

In vivo: AI: EC 

In vivo: AI: BEF 

In vim: AI: BEl' 

In vivo: AI; EC 
In vi .. 0; AI; EC 

In vi\o; AI: EC 
In vi\e); AI: EC 

In vivo; AI: EC 

In vivo; AI: EC 

In vivo; AI; EC 

In vivo; AI: EC 

In vivo; AI; EC 

In vivo; AI: NI: EC 

In vivo; AI: EC: CF 

Reference 

Kcmten et al. 1991 a 

Korqen and Kotze 1992 

Stretch 1989 

Utkhedc and Scholberg 1986 

Utkhcdc anel Scholberg 19R6 

Wibon and Chall/tz 1989 
\\'ibon dnd Chalull 1989 

Droby et al. 199! h 

ChalutL and Wibon 1992 

Singh and Devcrall 1984 

Appel et al. 1988 

Wihon and ehalutz 1989 

De Matos 19S~ 
Borra<..; and /\guilar Jt)()O 

Chalutz and Wib,n 1990 

Smilanick and Denni<..;-Arrue 1992 

Continued on next page. 



Table l. Continued. 

Commodity 

Citrus spp. (cont'd) 

Cranberry (Voccinium 
macrocarpon Afn 

Grape (VitiI' 

I'inifera L.) 

-.l 
0-. 

Lychee (Litchi 

chinensis Sonn.) 

Mango (Mangifna 

indica L.I 

Disease 

Green mould 

(cont'd) 

Sour rot 

Alternaria rot 

Fllack rot 

Grey mould 

Rhizopus rot 

Black storage rot 

Postharvest rot 

Anthracnose 

Soft brown rot 

Black spot 

Pathogen 

P. diRitatum 

P. digitatum 
p, digitatum 

Geotrichum candidum Link ex Leman 
G. candidum 

G. candidum 

G. candidum 
Allernaria cilri Ellis and Pierce 

Apostrasseria lunata (Shear) Nag Raj 
Strasseria oxycocci Shear 

B. dnerea 

B. cinerea 
B. cinerea 
B. cinerea 

B. dnerea 
Rhi"JPuS stolonijer (Ehrenb, ex Link) Lind 

Rhi;opus stolonijer 

Aspergillus nixer Van Tieghem 

Phomopsi,. sp,; Penicillium sp.; 

Pestalotia sp.; C. gloeOSf)Orhn'des 

C. g/oeosporioides 

C. gloeosporioides 

C. gloeosporioides 
C. gloe(}.lporioides 

Nattrassia m{WRiferae (Sydow and 

Sydow. Sutton and Dyks) 

Xanthomonas campestris pv 
mangiferaeifldicae Rbbs. Ribeira Kumura 
X. campestris pv. manRlj'eraeimJicae 

Antagonist 

Bacillus pumifus 

Meyer and Gottheil 

P. guilliermondiib 

P. guilliermondiib 

T. "iride 
B. sublilis 

D. hanseniib 

P. guilliermondiib 

B. sublilis 

Bacteria; A. pullulans 

T. harzianum 

P. guilliermondiie 

Bacteria; Bacillus sp. 

P. guillierrnoruJiib; Hanseniasporo 
umrum (Niehaus) Shehata et al. 

P. guilliermondiib; II. urarum 
P. guilliermondiib 

Candida guilliermondiib (Castalani) 

Langeron et Guerra; K. apiculata 
C. guilliermondiib; K, apiculaw 

Bacillus stearothermophilus 
Donk; Bacillus megaterium 
de Bary; B. licheniformis 

Status of researcha 

In vivo; EC 

In vivo; AI; EC 

Packhouse; VI; NI; llEF 

In vivo; AI; EC 

In v'ivo, A[; EC 

In vivo; AI; EC 

In vivo; AI; EC 

[n ,iva; NI; EC 

In vivo; AI. EC 

Field sprays; EC 

In vivo; AI; EC 

In vivo; AI; Ee 

In vivo; AI; Nl; EC 

Field sprays; NI; EC 

In vivo; AI; EC 

In vivo; Nl; EC 

In vivo; NI; NC 

Postharvest dip; NI; IC; ECC 

Reference 

Huang et al. 1992 

Droby et al. 1991 b 

Hofstein et al. 1991; 

Droby et al. 1991b 

De Matos 1983 

Singh and Deverall 1984 

Chalutz and Wilson 1990 

Droby et al. 1991 b 
Singh and Deverall 1984 

Stretch 1989 

Dubos 1984 

Chalutz et al. 1988 

Ferreira 1990 

Ben- Arie et al. 1991 

Ben-Arie et al. 1991 

Chalutz et al. 1988 

McLaughlin et al. 1992 

McLaughlin et al. 1992 

Korsten et al. 1993b 

Bacteria; yeasts; PseudomolWs sp. Postharvest dip; AI; EC Koomen et al. 1990; 

Jeffries and Jeger 1990 

B.lichenijormis Postharvest dip; NI; [C; EeC Korstenetal. 1991 b 

B. licheniformis 

B. ccreus; P.jluorescens 

B. licheniformi.l· 

B. lichenij(JI'nIi.1 

B. SUhfiii.l: Bacillul 

amy[o/iquefaciens Prie~t, 
Goodfellow. Shute and Berkeley 

Preharvcst sprays; NI: IC; EC Korsten et a!. 1992 

Postharvest dip; NI; EC Koomen and Jeffries 1993 

Field sprays; N[; IC; BEl' Korsten et al. 1992 

Field sprays; NI; EC Visser et al. 1990 

In vivo; AI; EC Pruvost and Luisetti 1991 

Continued on next page. 
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Table 1. Continued. 

Commodity 

Nectarine (Prunus 

persica var. Ilucipersicll 

Schneid.) 

Disease 

Brown fot 

Peach (Prunus persica Brown fot 

Sieb. and Zucc.) 

Rhizopus rot 

Pear (Pyrus Blue mould 

communis L.) 
Grey mould 

Mucor rot 

Fireblight - fruit 

Pineapple (Ananas Leathery pocket: 
comosus (L.) Kerr) Fruitlet core rot; 

Fruitlet corking 

Plum (Prunus salicina Brown rut 
LindL) 

Strawberry (Fragaria Grey mould 

spp.) 

Strawberry rot 

Pathogen 

M·fructicola 

M. fructicola 

M. fructicola 

M.}i"ucticola 

R. stolonijer 

R. stolonijer 

R. stolonifer 

R. stolonijer 

P. expansum 

P. expansum 

B. cinerea 

B. cinerea 

B. cinerea 

In. piriformis 

E. amylo\'ora 

E. amylo\'oru 

Penicilliumjuniculosum Thom 

M.}i"ucticola 

B. cinerea 

B, cinerea 

B, cillt'reu 

,Mucor mucedo Mich. ex St.-Am, 

Antagonist 

B. suhtilis; Pseudomonas spp. 

B. suhtilis 

B. subtilis 

B. suhtilis 

B. subtilis 

Entero/Jacter cloacae (Jordon) 

Hormaeche and Edwards 

E. cloacae 

K. apiculata 

P. <-'epa cia 
P. syringae 

P. cepacio 

Pseudomonas gladioli Severini 

P. syringae 

C. laurentii; Cryptococcusjlurus 

(Saito) Phaff et Fell; Cr)ptococcus 

albidus (Saito) Skinner 

Erl<"inia herhicola (Lohnis) Dye 

E. amylo\'ora: P. lilbaci 

P.julliculosum (avirulent) 

B. suhtiUs: Bacillus rhuriengensis 

Berliner 

Cladosporium herharum lPer~.) 

Link ex Gray; Pul/u/aria pullulans; 

(de Bary) Berkh.; Penicillium sp .. 

Trichoderma sp. 

Trichoderma sp. 

Trichoderma sp. 

Status of researcha Reference 

In vivo; AI; LC Pusey and Wilson 1984 

In vivo; AI; EC Pusey and Wilson 1984 

In vivo; AI; EC Pusey et aL 1986 

Packhouse wax: AI; BEF; PT Pusey et aL 1988 

In vivo; AI: EC 

In vivo; AI: BEF 

In vivo: AI: EC 

In vivo; AI: LC 

In vivo: EC 

Postharvest dip; AI; EC 

In vivo; EC 

In vivo; AI. EC 

Postharvest dip: AI; EC 

In vivo: AI; FC 

In vivo; AI: EC 

In vivo; AI; EC 

Field application: AI: EC 

In vivo; AI; EC 

Greenhouse: AI: EC: Field 

Sprays EC 

Field sprays; NI; BEF 

Field sprays; IC: NCiLC 

Field sprays; NI; BEF 

Pusey and Wilson 1984 

Wilson et al. 1987 

Wisniewski et al. 1989 

McLaughlin et aL 1992 

Janisiewicz and Roitman 1988 

Janisiewicz and Marchi 1992 

Janisiewicz and Roitman 1988 

Mao and Cappellini 1989 

Janisiewicl and Marchi 1992 

Roberts 1990b 

EI-Goorani and Beer 1991 

Wrather et a!. 197.' 

Lim and Rohrbach 1980 

Pusey and Wilson 1984 

Bhall and Vaughan 1962 

Tronsmo and Dennis 1977 

Gullinoet 31. 1989 

Trommo and Dennis 1977 

a AI- Artificial inoculalions: l\l "" Natural infection,,: Ie - Intcgraku control illi.:ludcd: EC - Effective biologIcal control compJfcd to untreated control: ECC - BIological control <;lgnificantly marc effective than comparativc 
fungicide: PT = Pilot test,,: NC = No control: LC = Limited control: BEf - Biological control cqually effective a~ fungiCIde: in \ ivo = antagoni-a tC':-;teJ on fruit or leaves in the labordtory. 
Pichia xuilfiermondii (Wickerham) [anamorph. Candida guilliermondii (Castalani) Langcron and Guerra] (McLaughlin et al. 1990bJ. erroneou~ly identificd a" Deharyom,vl't'j han.lenii (ZOrn Lodder and Kreger Van·Rij 
(Mclaughlin et al. 1992). 
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Although both approaches proved effective, larger 
volumes of antagonists arc required for preharvest 
sprays than for postharvest appl ications. For instance, to 
control postharvest decay in one tonne avocado fruit, 
approximately 900 L of a 109 cells/mL B. subtilis sus
pension is required for preharvest sprays, compared with 
I L for treating one tonne of fruit by postharvest fine 
spray wax application. This inevitably renders prehar
vest treatment considerably more expensive. However, 
pre harvest treatment has the added advantage of poten
tially controlling preharvest as well as postharvest dis
eases. For example, the preharvest avocado fruit disease 
Cercospora spot caused by Pseudocercospora purpurea 
(Cke) Deighton was effectively controlled with prehar
vest Bacillus sprays aimed at controlling postharvest 
diseases (Korsten and KotLe 1992). Furthermore, Kor
sten et al. (1989) and Korsten (1993) reported that 
antagonists effectively established a residual population 
on the phylloplane, which resulted in sustained protec
tion for a prolonged period. Most reports dealing with 
biological control of postharvest diseases nevertheless 
involve postharvest antagonist applications (Table I). 
These can be targeted more effectively to the site were 
protection is required (Wilson and Wisniewski 1989). 
Temperature and humidity can also be controlled more 
readily in packhouses. In addition, the postharvest envi
ronment is an artificial 'ecological island' separated 
from the buffering effect of natural microbial ecosys
tems (Wilson et al. 1991). The postharvest environment 
thus appears to present a more suitable milieu for bio
logical control than do field conditions (Wilson et al. 
1991). Only results obtained in the postharvest environ
ment will be discussed in this review. 

Latent vs Wound Infections 

Knowledge of the epidemiology or the pathogen is one 
of the prerequisites for practical application of biocon
trol agents (Droby et al. 1991 a). Most postharvest 
infections of citrus and temperate fruit occur through 
wounds, whereas quiescent infections playa major role 
in subtropical fruit. To control wound-invading patho
gens, antagonists must be able to colonise wounds and 
inhibit the pathogen. Yeasts mostly exert antagonism 
through competitive colonisation and/or nutrient com
petition (Droby et at. 1989), and are ideally suited to 
displace the pathogen in wound lesions. Debaryomyces 
hansenii (Zopt) Van Rij, for instance, exhibits its bio
control activity most strongly against infections of 
injured fruit, and not against infections already estab
lished in the fruit peel (Chalutz and Wilson 1990). 
Antagonists which are mostly competent at wound sites 
cannot be expected to be elTective against latent infec
tions or against pathogens that infect tissue directly 
(Wilson et at. 1991). With tropical and subtropical fruit, 
quiescent infections and pathogens that infect through 
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lenticels, constitute different 'battlefields' for patho
gen/antagonist interactions, and may be more difficult to 
control biologically (Wilson and Wisniewski 1989). 
Antagonists used against quiescent infections would 
therefore require a different mode of action than antag
onists used for protection of wounds. In our investiga
tions, Bacillus spp. were effective in controlling 
quiescent infections in both pre- and postharvest appli
cation strategies (Korsten et al. 1989, 1991 a, 1993a,b; 
Korsten and Kotze 1992). 

Antagonists 

Antagonists successful in controlling postharvest dis
eases of subtropical crops include bacteria such as B. 
subtilis, B. licheniformis, Bacillus stearothermophilus 
Donk, Bacillus megaterium de 8ary, Bacillus amyloli
quefaciens Priest, Goodfellow, Shute and Berkeley, 
Pseudomonas cepacia Palleroni and Holmes, Pseudo
monas syringae Van Hall, Pseudomonas corrugata 
Roberts and Scarlett, and Pseudomonas jluorescens 
Migula, yeasts such as Pichia guilliermondii (Wicker
ham), and the filamentous fungi Aureobasidium pullu
lans (De Bary) Arnaud, Myrothecium roridum Tode ex 
Steudel, Myrothecium verruca ria (Alb. and Schw) 
Ditm. ex Steudel, Trichoderma viride Pers. ex Gray, and 
Penicillium funiculosum Thorn (Table I). Suggested 
characteristics of an 'ideal antagonist' have recently 
been outlined (Wilson et at. 1991), and the genus Bacil
lus has most of these (Lynch 1988). 

In our studies, Bacillus spp. were effective in con
trolling postharvest diseases of avocado, mango, and 
Iychee (Table 1). These Bacillus spp. were all dominant 
naturally-occurring epiphytes of avocado, mango and 
Iychee (Korsten et al. 1991 b, 1993a.b; Korsten 1993). B. 
subtilis effectively controlled anthracnose, DCC, and 
SE in postharvest dip, ultralow volume (ULV) and wax 
spray applications (Korsten et al. 1989, 1991 a; Korsten 
and Kotzc 1992). Pusey (1989) listed several plant dis
eases that could be controlled with B. subtilis. He was 
also the first to evaluate B. subtilis in semicommercial 
experiments on the packing line (Pusey et al. 1988), and 
the first to patent the use of B. subtilis as a postharvest 
biocontrol agent (U.S. Patent no. 4 764 371). Other 
Bacillus spp. evaluated in our studies have not previ
ously been described as antagonists of postharvest fruit 
pathogens. Of these, B. licheniformis controlled 
anthracnose ancl SE of mango (Korsten et al. 1991 b), 
Iychee postharvest decay (Korsten et al. 1993a) and 
anthracnose, DCC, and SE on avocado (Korsten and 
Kotze 1992). B. megaterium and B. stearothermophilus 
were effective against lychee postharvest decay in post
harvest clip applications (Korsten et al. I 993b), whereas 
B. cereus reduced the aforementioned avocado posthar
vest diseases (Korsten et al. 1989; Korsten and Kotzc 
1992). Koomen and Jeffries (1993) also reported etTec-



tive control of mango anthracnose by using B. cereus in 
postharvest applications. 

One or the earliest reported uses or Bacillus was the 
fermentation of soybeans into naito, a traditional Japa
nese food. The current consumption of nalto fermented 
by B. sublilis var. nallo, together with the low level of 
reported incidences of pathogenicity amongst strains of 
B. subtilis. and the widespread use of their products and 
those of their close relatives in the food and beverage 
industries, have resulted in the granting of GRAS (Gen
erally regarded as safe) status to B. subtilis by the U.S. 
Food and Drug Administration (Harwood 1992). 

Mode of Action 

In order to optimise disease control. it is important to 
understand the mode of action of the antagonists so that 
these attributes can be utiliscd to improve performance 
(Lynch 1988). In practice. few organisms antagonise by 
a single mechanism (Atlas and Bartha 1987). Negative 
interactions most likely to occur in the plant microbial 
environment include site exclusion (Janisiewicz 1988), 
competitive colonisation (Bhatt and Vaughan 1962). 
nutrient competition (Lim and Rohrbach 1980; Heye 
and Andrews 1983; Chalutz et al. 1988; Wisniewski et 
al. 1989; Roberts I 990a; Chalutz and Wilson 1990; 
1992; McLaughlin et al. 1990; 1992), antibiosis (Pusey 
and Wilson 1984; Singh and Deverall 1984; Utkhede 
and Sholberg 1986; Boudreau and Andrews 1987; Jani
siewicz and Roitman 1987; Stretch.1989; Wilson and 
Chalutz 1989; El-Goorani and Beer 1991; Smilanick 
and Dennis-Arrue 1(92), induction of host derence 
mechanisms (Lim and Rohrbach 1980; Janisiewicz 
1987; Chalutz et al. 1988; Stretch 1989; Chalutz and 
Wilson 1990; 19(2), and direct interaction with the 
pathogen (Dubos 1(84). l11e mode of action of Bacillus 
is probably through production of antibiotics and/or 
nutrient and space competition (Utkhede and Rahe 
1980; Pusey 1989). Gueldner et al. (1988) reported the 
isolation of antifungal iturin peptides from B. sublilis 
which are active against mycelial growth or Monilinia 
fructicola (Win!.) Honey. However, antibiotics arc sec
ondary metabolites produced by microorganisms under 
optimal growth conditions when excess substrate is 
available (Atlas and Bartha 1987; Sequira 1987). Such 
optimal nutrient conditions, according to Blakeman 
(1985) and Atlas and Bartha (1987), arc not normally 
found in natural habitats like plant surfaces. Antibiotics 
also do not accumulate in natural habitats, but can be 
broken down by resident epiphytes. be inactivated by 
adsorption to leaf tissue, or be lost to the atmosphere 
(Atlas and Bartha 1987; Singh and Faull 1988). In cer
tain microsites such as wounds on rruit surfaces, 
released nutrients can promote antibiotic production by 
antagonists (Sneh 1(90), thus protecting infection sites. 
However, the role of antibiotics with quiescent infec-
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tions must still be ascertained. In our investigation, dif
ferent modes of action were evident at different stages in 
the life cycle of the pathogen. These included site 
exclusion, nutrient and space competition. and antibiotic 
production (L. Korsten, unpublished data). 

Integrated Control 

Biological products which can be used in combination 
with conventional crop protection procedures should 
readily gain acceptance (Schwarz 1992). Although inte· 
grated control has been implemented successfully 
against root diseases (Cook and Baker 1(83), surpris
ingly little information is available on integrated control 
of above-ground plant diseases (Wilson and Wisniewski 
1989; Jeffries and Jcger 1990; Andrews 1992; Wisniew
ski and Wilson 1(92). Nonetheless, various reports on 
successful integrated control of fruit diseases have been 
published (Table I). In our investigations, the Bacillus 
spp. used as antagonists were compatible with benomyl 
(Korsten et al. 1991 b), prochloraz and chlorine (Korsten 
1(93), and were subsequently evaluated in an integrated 
program with these compounds. B. subrilis in particular 
showed promise when integrated with quarter strength 
prochloraz, and effectively controlled SE and DC,(, on 
Fuerte, SE and anthracnose on Hass, and SE on Ryan 
avocado fruit (Korsten et al. 1993a). Such an integrated 
control approach, using a considerably reduced concen
tration of the fungicide in combination with an antago
nist, could be more acceptable rrom a safety standpoint 
than treatment with the fungicide at its recommended 
concentration (Droby et al. 1991 al. However, combining 
quarter-strength fungicide concentrations with a biocon
trol agent was not always more effective than when using 
the antagonist on its own. For instance, Korsten et al. 
(1991 b) found that a quarter- strength benomyl com
bined with B. iichenijimllis and applied in a hot water dip 
(52°C) was less effective in controlling anthracnose on 
mango than a hot water B. licheniforntis dip on its own. 
Similarly, dipping avocado fruit in chlorine before a B. 
cereus dip, did not improve the level of anthracnose and 
SE control already achieved with a B. cereus dip on its 
own (Korsten et al. 1989). 

Chemical vs Biological 

If biological control cannot produce results comparable 
with that or commercial fungicides, it will not be a 
viable commercial option (Swinburne 1978). Where 
biological agents have to compete in a market domi
nated by an effective and relatively inexpensive fungi
cide, the challenge and demands facing biocontrol 
agents are great (Andrews 19(2). Superimposed on 
these demands is the reality that growers' concern is 
primarily with the economic aspects of control, gener
ally risk-averse, and inclined to rely on measures which 



act promptly (Andrews 1992). In our investigations, B. 
s/ear/ermophilus, B. megaterium, and B. licheniformis 
dip applications on their own or in combination. were 
more effective than a bcnomyl dip in controlling post
harvest decay and preventing secondary infection or 
lychee (Korsten et al. 1993b). Also, in a second fine 
spray application experiment, B. sub!ilis was as effec
tive as benomyl in preventing secondary infections on 
lyehee (Korsten et al. I 993b), while B. licheniJormis dip 
treatment was as cffcctive as the commercial benomyl 
treatment in controlling SE. and morc effective in 
reducing internal anthracnose severity on mango (Kor
stcn et al. 1991 b). Furthermore, a B. cereus dip treatment 
controlled avocado postharvest discases anthracnose, 
DCC, and SE more effectively than did a prochloraz dip 
application, and was as effective as the prochloraz UL V 
application (Korstcn and Kotze 1992). 

Antagonist Application Methods 

If biocontrol can be made compatible with existing 
famling practices, it will add to its commercial accep
tance. Pusey et al. (19R8) incorporated B. subtilis into 
fruit wax used commercially on the packing line, and 
thereby effcctively controlled postharvest diseases on 
stone fruit. Similarly, Korsten et al. (1991 a) were able to 
control anthracnose, DCC, and SE on avocado with B. 
sub/ili.1 applied in Tag-wax (polycthylene) on the com
mercial packing line. They also found the antagonist 
capable of surviving for at least 32 hours in the Tag-wax 
without a reduction in viable cells. This would enable 
packhouscs to mix the antagonist into the wax on a daily 
basis. without replenishing the antagonist-wax formula
tion during the day in operation. liLV antagonist appli
cations arc effective in controlling avocado postharvest 
diseases. However, Korstcn et al. (1993b) found a B. 
mega/aium fine spray application more effective in 
controlling postharvcst decay and secondary infection 
of Iychee than when applying the antagonist in a dip. 

Antagonist Concentration 

Of importance in any successful biocontrol program is 
the requirement that the antagonist be effective at low 
concentrations (Wisniewski ct al. 19R9). Sincc effec
tivencss of control is closcly related to initial levels of 
the pathogen present on the fruit surface, more effective 
control can be achieved by increasing antagonist con
central iOlls (Janisiewicz 1987). Lyehee postharvest 
decay was controlled at lOs cellsimL, but not at lower 
concentrations. However. secondary infection on Iychee 
fruit was effectively prevented by antagonist concentra
tiolls of ]()5_]()H eells/mL (Korsten et al. I 993b). A 
similar range of antagonist concentrations was found 
effective in controlling avocado postharvest diseases 
(Korstel1et al. 199Ia). 

Itll 

Antagonists Applied Singly or in 
Combination 

lanisiewicz (198R) found antagonist combinations more 
effective in controlling several diseases than when 
antagonists were applied singly. Applying mixtures of 
antagonists did not necessarily improve effectiveness. 
For instance, Korsten et al. (1989) found that B. sub/i/is 
combined with B. cereus more effectively controlled 
DCC than when B. sub/ilis was applied on its own. 
However, the antagonist mixture was less effective in 
controlling anthracnose than the B. suh/ilis treatment on 
its own. On the other hand, Korsten and Kotzc (J 9(2) 
found B. cereus on its own or combined with B. sub/ilis 
equally effective in controlling all three postharvest dis
eases of avocado. 

CuItivar Effect on Biocontrol 

Biocontrol of postharvest fruit diseases is complex, ami 
numerous interactions affect the efficacy of the treat· 
ments. lanisiewicz and Marchi (J 992) highlighted the 
importance of cultivar effect on the outcome of hiocon
tml treatments. Lychee postharvest diseases could 
effectively be controlled on both Mauritius and Madras 
lychee cultivars (Korsten et al. 1993b), whereas mango 
postharvest diseases were effectively controlled on 
Sensation and Keitt (Korstcn et al. 19(2). Biocontrol or 
anthracnose, DCC, and SE of avocado was effective on 
Fuertc (Korsten et al. 1988, 1989, 1993a; Korstcn and 
Kotzc 1992), and Hass cultivars (Korsten et al. 1991 a, 
1993a). However, only anthracnose and DCC could be 
reduced on Edranol (Korstcn et al. 19R9), and SE on 
Ryan (Korsten et al. 1993a). Variation in effectivcness 
when different pear cultivars were dipped in a suspen
sion of Pseudomonas syringae Van Hali was attributed 
to differences in physiological processes governing 
antagonism (lanisiewicz anu Marchi 1992). Variation in 
susceptibility between cultivars is a well-known phe
nomenon, e.g. the exccptional proneness of Fuertc avo
cado fruit to postharvest decay (Jacobs 1974). It is also 
known that variations in the incidence of avocado post
harvest diseases occur throughout the season (Darvas 
1982), and that they arc related to rainfall (Peterson 
1977). 

Consistency 

Consistem:] in disease control is an important trait to! 
any disease control agent. Thus. for commercial accep
tancc, biocontrol will havc to t!ive consistently high 
levcls of control (Korsten et al. 1991 b). In addition, t>io
control must be effective throughout the season and at 
several localities, as was demonstrated by Korsten et al. 
( 1993a) with avocado. 



Conclusions 

A variety of factors will deternline the present and future 
situation in biological and integrated disease control, 
e.g. public opinion, and the role of regulatory authorities 
in the commercialisation of biological products 
(Schwarz 1992). The range of products will be deter
mined by the possibility of obtaining patent protection 
for organisms intended to be used for biocontrol. Patents 
have been issued or are pending on a number of these 
antagonistic microorganisms (Wilson et al. 1991). The 
acceptance of biological crop protection methods by 
producers and consumers will also depend greatly on 
how long they retain their efficacy and whether the 
methods of application are compatible with existing 
systems and moreover. whether they operate at a rea
sonable cost (Schwarz 1992). 

In this study, biocontrol has been shown to be a viable 
option for disease control which can effectively be 
implemented in any farming practice or packhouse 
operation. Control equal to or more effective than that 
achieved with fungicides is possible with optimised 
antagonist applications. However, certain key aspects 
will have to be addressed urgently. These include: I) 
registration of antagonists with concurrent acquisition 
of toxicological data; 2) commercialisation and optimi
sation of fermentation and formulation technology; 3) 
storage and application of antagonists; 4) product con
sistency in achieving disease control; and 5) public 
acceptance of biocontrol as an alternative to fungicides. 

Future commercial development of microbial antag
onists as biocontrol agents will most likely depend on 
relatively small niche markets where different antago
nists can be used to control specific fruit diseases (Jani
siewicz and Marchi 1992). It is perhaps important to 
keep in mind that biocontrol is fundamental applied 
ecology (Andrews 1992). ll1erefore, a thorough knowl
edge of the mode of parasitism, infection and epidemi
ology of the pathogen, antagonist mode of action, and 
microbial interactions can aid considerably in predicting 
prospects for success. Long-term biocontrol strategies 
would more and more entail management of microbial 
communities to favour biocontrol agents and disfavour 
the pathogen (Andrews 1992). We feel that biocontrol 
has a lot to offer as a future alternative control strategy. 
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Sulfur Dioxide Fumigation in Postharvest Handling 
of Fresh Longan and Lychee for Export 

Sing Ching Tongdee* 

Ahstract 

Sulfur dioxide (SOl) applied as a fumigant dlectivdy controlled saprophytic surface fungi and prevented skin 
hrowning, two of the major postharvest problems of harvested fresh Jongan and lychec. A standardised procedure 
lIsing gase',)llS S02' wherehy a ratio of 5: I hetween the free space volume (mL or L) of the fumigation chamher 
and fruit weight (g or kg) was employed. 

The effect of S()2 on surface growth of fungi. S02 injury to the rind, and SOl residue levels in the treated fruit 
depended on the concentration of S02 applied, and varied with cuitivar, particular crop, and the duration of 
fumigation. From 30 65% of applied sulfur dioxide was absorbed by the fumigated fruit. Maximum efficacy was 
obtained whm whole fruit residues immediately after fumigation were 200 .150 ppm, Residue levels decreased 
rapidly dunng the first two days after fumigation. Residues were concentrated in the skin. Levels in the fruit aril 
were very low. A maximum residue level (MRL) of30 ppm for the fruit aril is proIX)sed. 

There is scope for a choice of application system f()r commercial fumigation facilities. The system used at 
present for longan employs an initial fumigation using a high concentration of S02 for a short duration, allowing 
an operator to treat more than one ehamher load per night. Whatever the application system. fumigation facilities 
must include a scrubbing system to reduce the operator and environmental hazards associated with the usc of 

S02' 
During the 1991 and 199.1 scasons. a range of S02 slow-release pads was developed at the Thailand Institute 

for Scientific and Technological Research (TISTR). These are suitahle for the control of skin hrowning and dis
ease in lychce and longan during a range of storage and transportation limes, There is now the potential for a 
European market accessible hy sea for Thai Iychees and longans. 

SULFUR dioxide (SO.,) is one of the most widely used 
food preservatives, -(be fumes of burning sulfur were 
used by the ancient Egyptians and Romans to sanitise 
wine vessels, an applieation which continues to this day 
in a more controlled manner. Sulfiting agents such as 
sulfur dioxide, sodium and potassium metabisulfite, and 
sodium and potassium sulfite have been used in food, 
The sulfites display a wide range or userul effects in 
food, including inhibition of non-enzymatic browning 
(the fornlation of mellanoidin pigments), as an antioxi
dant. and as a reducing agent by inhibition of various 
enzymatic catalyscd reactions (notably enzymatic 
browning involving oxidation or phenolic compounds 
present in food), and inhibition and control or microor
ganisms, Their control of browning and antimicrobial 
effects maintain the quality and nutritional valuc of 
food, A partial list of sulfited food is provided in Tables 
I and 2 (Taylor and Bush I,)X6), 

* Postharvest Technology Lahoratory, Thailand Institute of 
Scientitlc and Technological R,'scarch, 196 I'hahonyothin 
Road, Chatuchak, Bangkok I (lYOn, Thailand. 
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Sometimes sulfites are condemned as cosmetic addi
tives added merely to improve the physical appearance 
of the finished products, particularly in their restaurant 
application in salad bars, It is this application that has 
been the most problematic, since the sulfite added to 
lettuce remains in free inorganic form not in a bound 
form as occurs with other fruit and vegetables (Martin et 
al. 19R6), While scientific panels continue to judge sul
fites as safe for the majority of consumers, considerable 
concern has arisen regarding the potential hazards faced 
by sulfite-sensitive individuals, who arc almost exclu
sively severe asthmatics. The threshold for sulfite sensi
tivity varies among individuals and the type of food, 
ranging rrom about :1 mg to 120 mg SO., equivalent. A 
.ioi~t FAO/WHO Expert Committee on Food Additives 
applied a IOO-fold safety factor, and estimated the 
acceptable daily intake (AD!) ror humans at 0,7 mg/kg 
of body weight/day (cited by Taylor and Bush 1 ')86), A 
selection or particular meals can result in considerably 
higher sulfite intakes, However, e.xceeding the ADI in 
this manner would result in no hann to normal individ
uals unless done on a regular basis. 



Table 1. Estimated total SO, levels as consumed in some 
sulfided foods 

Food 

>100 ppm 
Dried fruit (excluding dark raisins, prunes) 
Lemonjuice (non-frozen) 
Salad bar lettuce 
Lime juice (non-frozen) 
Wine 
Molasses 
Sauerkraut juice 

50-99,9 ppm 
Dried potatoes 
Grape juice (white, white sparkling, 
sparkling, red sparkling 
Wine vinegar 
Gravies, sauces 
Fruit topping 
Maraschino cherries 

10,1-49,9 ppm 
Pectin 
Shrimp (fresh) 
Corn syrup 
Sauerkraut 
Pickled peppers 
Pickled cocktail onions 
Pickles/relishes 
Corn starch 
Maple syrup 
Imported jams and jellies 
Fresh mushrooms 

<10 ppm 
Malt vinegar 
Dried cod 
Canned potatoes 
Beer 
Dry SOLIP mix 
Soft drink 
Instant tea 
Pizza dough (frozen) 
Pie dough 
Sugar (esp. beet sugar) 
Gelatin 
Coconut 
Fresh frllit salad 
Domestic jams and jellies 
Crackers 
Cookies 
Grapes 
High fructose corn syrur 

Total S02 (ppm) 

120() 
800 

4O~950 

160 
150 
125 
100 

35-90 
85 

75 
60 
60 
50 

>10-50 
>10-40 

30 
30 
30 
30 
30 
20 
20 
14 
I3 

10 
10 
10 
10 
10 

<10 
<10 
<10 
<10 

7 
6.6 

5 
5 
5 
5 
5 

1-5 
-' 

Source: The ft'-cxaminatil'il for thl..' eRAS '.t'-'tu'. of \ulfiting agents. 
January 1985. Life Science Research Office. Federation of 
American S(X'iellt's for Lxperillll'lltal Biology. Total S02 
level based on Monier- \\.'illial11,) as\ay. 
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Table 2. Suggested sulfur dioxide levels in dried vegetables 
and fruit 

Food S02 (ppm) 

Beans 500 
Cabbages I CX)0-25(X) 
Carrols 500-1000 
Peas 30~500 

Potato granules 250 
Potato slices 20~400 

Com 2000 
Apples 1~2000 

Apricots 2CXXl-4000 
Peaches 2000-4000 
Pears 1 (XXl-·2000 
Raisins 1000-1500 

In 1986, the LJ .5. Food and Drug Administration pro
posed two regulations relating specifically to sulfites 
(FDA 1986a,b). Onc rcquircs thc dcclaration of sulfites 
on the label when the residual sulfite excccds 10 ppm as 
total 502' The second regulation rescinded the generally 
recognised as safe (GRAS) status for sulfites for use on 
fruit and vegetables in the raw state, including the direct 
usc of sulfite in salad bars. Allowable 502 levels of 
selected food items in selected countries are given in 
Table 3 (Anon. 1992). Foods for which no regulatory 
standards exist are also allowed to contain sulfites. 
However, this provision excludes meat. fish, poultry, 
and foods rccogniscd as a source of thiamine (Hadziycv 
1988). 

In summary, there is reason for concern about sulfite 
use in food. Howevcr. thc usc of good manufacturing 
practice and labclling may bc sufficient to control exist
ing hazards ror sulfitc-sensitivc asthmatics. 

Use of Sulfur Dioxide on Fresh Grapes 

507 was used in California in the 1920s to prevent decay 
and- fermentation of wine grapes. Howcver, it took scv
eral years, until 1931-1932, to develop a satisfactory 
fumigation program for table grapes (Pentzer ct al. 
1932). An initial gas treatment was developed which 
effectively controlled decay during thc 8-10 days 
required to transport the refrigerated fruit to eastern 
markets (Harvey 1955). Later (1956--1959), the treat
ment scheduk was expandcd to include periodic refu
migations for grapes held in storage up to 6 months 
(Harvey 1956; Ballinger 1(85). It beeamc a standard 
practise in California to apply the initial fumigation thc 
same day that the grapes are harvested. 

502 fumigation of grapes is aimed primarily at con
trolling decay caused by fungi. The treatment sterilises 
the berry surface. S02 is also beneficial to the stems, 
causing them to bleach slightly and retain a light green 
colour (Harvey 1(77). With the exception of grapcs, 



Table 3. Allowable S02 levels (ppm) in food in selected countries 

Country 

Canada 

Hong Kong 

Malaysia 

Singaporl' 

Japan 

The Netherlands 

France 

USA 

Food 

Dried fruit and vegetables 
Beverages 
Wines 
Beer 
Sweeteners 

com syrups and molasses 
dextrose 

Tomato paste and products 
Fresh fruit 

Dried fruit 
Fruit juice (conc.) 
Wines 
Ginger (direct conSulllptl<'I1) 
Ginger (dry root) 
(i1ucose syrup 
Glucose 
Fresh fruit 

Dried fruit and vegetables 
Fruit (other than fresh fruit) 
Fruit juice (conc.) 
Fruit juice (direct) 
Wine 
Ginger (dry root) 
Sugar or sugar syrups 
Tomato pulp and products 
Yoghurt. fruits 
Fresh fruit (pulp) 

Standards of usage for (,)ods in general 

Fresh Iychee 

Fresh grape 

most other fresh fruits arc easily injured by S07' When 
applied incorrectly, S02 may also cause various~degrees 
of injury to grapes. Thus. they should be exposed to only 
the minimum quantity "r gas needed. 

A number of systems I'm treating fresh grapes has 
been developed over the years (Nelson and Gentry 1966, 
1968; Nelson 1970; Harvey and Vota 1978). The sys
tems most commonly employed arc: an initial high con
centration~short duration S02 fumigation followed by 
subsequent periodic fumigation at a slightly lower con
centratinn; the use of S02 slow-release pads enclosed in 
the fruits boxes (Anon. 1981); and a continuous trickle 

18R 

Aiiowable'S021eveis 

2500 
70 (free) 
350 (total) 
15 

500 
20 
500 
o 

-'50 

2000 
-'50 
450 
140 
ISO 
300 
40 
o 

2000~30()0 

350 
350 
120 
300 
150 
70 
350 
60 
U 

30 

100 (not exccl"ding 300 at the 
cxpnrring countries) 

30 (temporary level considering to 
lower to 10) 

10 

svstem at a low level of SO, for long-term storage 
(IJahlcnburg et al. 1979). L 

Postharvest Handling of Longan and 
Lychee and the US{' of Sulfur Dioxide in 

Maintaining Fruit Qualities 

Longan and lychel' are pIllbably two of the most perish
able of tropical fruits. 'l11Crc are twn areas in the post
harvest handling chain <)f longan and lychee which 
deserve special attention. Firstly, precooling should be 
applied to remove field heat and provide crfective tem-



perature management during transportation. This ena
bles maintenance of fresh quality and flavour, reduces 
desiccation, and pre\"(~nts browning of the rind. Sec
ondly, effective postharvest fungicidal treatment is 
needed to prevent fruit decay. 

Both longan and Iychee are non-climacteric fruit 
which exhibit. at 25°C, a moderate rate of respiration 
(30--45 mL CO2 Ikg/hour), and a low rate of ethylene 
production (less than 0.1 ).I.Ukg/hour) (Tongdee et al. 
1982). Ilowever, both fruits deteriorate rapidly aner 
harvest. Shelf life at room temperature (30°C) is less 
than 72 hours (Campbell 1959). One of the major prob
lems at high temperatures and humidities is the growth 
of saprophytic fungi. mainly Bolryodip/ot/ia spp., on the 
fruit surface (Prasad and Bilgrami 1974). At a low rela
tive humidity, deterioration by decay is reduced, but the 
fruit loses its freshness. The rind turns brown, dry, and 
brittle, and the aril wilts and shrivels. The rot problem is 
reduced but not entirely climinated by cold storage. 
Fruit stored at 5-7°C also suffer from chilling injury, 
indicated by browning of the rind, and upon removal to 
ambient temperatures, the injured fruit are more suscep
tible to fungal infection (Tongdee et al. 1982). 

Earlier attempts to develop postharvest treatments for 
longan and Iychee (Morevil ! 973; Akamine and Goo 
1977; Swarts and Anderson 1980; Scott et al. 1982; 
Johnson 1989; ) including an adaptation of S02 fumiga
tion procedures used for fresh table grapes (Roth 1963, 
cited in Nip 1988; Hu and Liu 1979) were either inef
fective or resulted in the development of oIT-flavour. 

However, by 1984, reports from South Africa were 
saying that sulfur fumigation was etTective in control
ling decay and preventing browning of fresh lychee 
(Swarts 1(85), and exporters in South Africa were able 
to successfully ship large volumes of Iychee by sea to 
Europe. 

Application of Sulfur Dioxide for Longan 
and Lychee by the Initial Fumigation 

System and its Commercial Application 
in Thailand 

In the fumigation system, S02 gas is added to an enclo
sure in order to control or eliminate undesirable micro
organisms. The most appropriate system for longan 
under the present handling system in Thailand, wherc 
the transportation period is less than 2 weeks to major 
longan importing countries, is the high concentration
short duration fumigation system. The development of 
such a fumigation system also takes into consideration 
the scale of operations. compatibility with the existing 
handling, packaging. and marketing systems, and 
socioeconomic circumstances in Thailand. 

Gaseous S02 from vaporising liquid S02 held in 
pressurised cylinders was used as a source of S02 in all 
experimental work carried out at the Thailand Institute 
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for Scientific and Technological Rcsearch (TISTR). For 
small- scale futlligation. plastic surgical syringes were 
used to withdraw SO,. Nonabsorptive glass or plastic 
containers were used as fumigation chambers. For 
large-scale work, fumigation chambers made of either 
stainless steel (capacity 0.5 m3) or formica-lined ply
wood (capacity 1.7 m3) were used and a precision tlow
meter used for introducing S02 into the chamber. 

For consistency and reproducibility, a standardised 
fumigation procedure was used where the ratio of fruit 
weight and the free-space volume of the fumigation 
chamber was maintained at I :5. Separate indices were 
established to indicate the degree of fungal growth on 
the fruit surface and SO, in jurY of the rind. SO, was 
assayed by a modified M~H1i~'r-Williams method. ~For a 
small fumigation container. residual headspace S02 at 
the end of fumigation was determined by subjecting the 
container to a continuous airriow I'll[ about 30 minutes 
and trapping the outnow air in a Y:' hydrogen peroxidc 
solution containing an indicator. The S02 in the trap was 
titrated with alkali and quantified. For a large chamber. 
final heads pace S02 concentration was determined by 
portable S02 detector tube (Drager tube). For cotlllller
cial operations, S02 was generated by burning sulfur 
heated by an external electric source. Most fumigation 
rooms were made of forn1ica-lined plywood. 

The effect of 20 minutes fumigation with SO, on 
fungal growth and symptoms of S02 injury on the ~rind 
depended on the application rates, as illustrated for 
lychee cv. Iionghuai and longan Cy. Do in Figures I and 
2. Fungal growth or rotting was crfectively controlled at 
high application rates. Symptoms of S02 injury 
occurred at intermediate concentrations and resulted in 
a far more extcnsive fungal growth on the surface of the 
fruit than found on the non-fumigated control. BOlryo
dip/odia spp. remained the predominant fungi on the 
surface offruit fumigated at below a minimum rate. The 
main symptoms of SO) injury on lychee immediately 
after fumigation was an uneven bleaching of the rind 
which developed into irregular reddish-brown spots. 
circles, or lines by 24 hours. As the application rate 
increased. there was a uniform bleaching elf the rind, its 
colour changing from red to creamy yellow. 

On longan the symptoms of S02 injury, indicated by 
irregular brown circles or lines, became apparent on the 
underside of the rind 2 days after fumigation. Lniform 
bleaching of the rind of longan fruit. at higher applica
tion rates, resulted in an attractive pale-brown colour. 
However, at excessively high application rates, the aril 
turned from shiny ancl transluccnt to dull white in both 
longan and Iychee and an off-flavour became apparent. 
The aril of fumigated fruit turned pinkish. This was 
especially noted on the stern end of longans after 10 days 
or longer in storage. Rccontamination occurred during 
long-term storage with Penicillium sp. becoming the 
predominant !lora on the fruit surface. 
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Figure I. Effect of S02 fumigation concentrations on surface 
fungal growth on Iychees. Columns within each 
treatment represent fungal growth assessed in 
sequence on days 7, 9. 10, and II. Values above 
each column indicate 502 injury (%). 
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J<'igurc 2, Effect of 502 fumigation concentrations on 502 
injury and surface fungal growth on longans. 
Columns in tn:atments ck to 10 mL represent fungal 
growth assessed on days 4 (_) and 7 (lJ), and in 
15-35 mL assessed on days 6 (_) and 8 (lJ). 
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S02 residues increased with length of fumigation 
(Fig. 3). Applied SO, was found mainly on the rind. 
Residue levels at 100- pPIll showed evidence of partial 
inhibition of fungal growth. Due to S02 injury occurring 
at sh0I1er fumigation duration, a minimum of 20 min
utes was required. Imillediately after fumigation, resi
due levels ranged from ISO 400 and 1200 3200 ppm 
for the whole fruit and the rind, respectively (Figs 4 and 
5), depending on the appl ication rates, Residue leve Is 
declined with storage by approximately SOL!,; during the 
first 2 days, Seven days after fumigation, fruit main
tained residue levels of 3S-1 00 and ISO-~()() ppll1 for 
the whole fruit and the rind, respectively, depending on 
the application rates, The aril had few or only trace resi
dues, There was a slight increase in residue levels in the 
aril with storage, This increase was also noted in Iychee 
(data not shown). The effects of several pre- and post
fumigation treatments on longan, including aeration or 
washing, had little effect on SO) residues assayed 
immediately after fumigation Crable 4), 

In a series of carefully executed and analysed experi
ments on Iychee, S02 levels were assayed periodically 
to detennine the effect of various post-fumigation treat
ments, including the use of an acid dip for colour 
improvement of fumigated Iychees, Residue levels on 
the rind showed significant dilTerences, supporting the 
theory of a carryover effect: the migration of SOo from 
the rind to the ari!. It is probable that the aril, affected by 
the carryover S02 on the rind, remains as though sub
jected to continuing fumigation by SOo, Thorough aera
'tion to reduce the S02 levels in the rind of the fruit after 
fumigation is thus strongly recommended, 

Table 4. Effect of pre- and post-fumigation treatment 011 

S02 residues (ppm) in longan 

Treatment Whole Rind Aril 

Standard fumigation treatment 160 1280 0 
Pre-fumigation treatment 

wet fruit 185 1120 3 
air drying of wet fruit 190 1360 0 

Post-fumigation trcatmcllt 
aeration 150 1340 2 
washing with water having 
pH adjusted at: 
pH2 160 1300 0 
pH4 170 1360 <I 
pH7 145 1200 0 
pHI2 170 1360 0 

A linear relationship exists between application rates 
and residue levels (whole fruit basis) of fumigated fruit 
(Fig, 4) and the respective final residual SOz concentra
tions in the headspace (final concentration) of the fumi
gation chamber (Fig, 6). For longan fumigated at a 
recommended rate of 200300 mL SOikg of fruit. SOz 
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J<'igure 3. Effect of fumigation exposure periods on S02 residues (whole fruit), surface fungal growth, and S02 injury of longans. 
Residues were analysed immediately aft~r fumigation. Columns in each treatment represent fungal growth assessed on 
days 4 (_) and 7 (0). 

residues ranged from 200-300 ppm and 1500-2500 ppm 
(data shown in Fig. 5) for the whole fruit and the rind, 
respectively. At such a rate, S02 concentration remain
ing in the chamber at the end of the fumigation period 
was about 1.5%. The recommended rate for Iychee cv. 
Honghuai and cv. Emperor is 75-125 mL SOikg and 
for cv. Khom, 125 mL SOikg, and the residential head
space S02 concentrations 0.3-0.45 and 0.65%, respec
tively. A linear relationship between application rates 
and sorption of S02 by the fruit, calculated from the 
difference between the S02 applied and the remaining 
headspace S02 in the chamber, is illustrated in Figure 7. 
Figure 8 plots S02 residues obtained by theoretical cal
culation and by direct S02 assaying. Some 30-65% of 
applied S02 can be accounted for. Our results indicate 
that there are important equilibria between the amount 
of S02 applied, and sorption of the fruit, and the S02 
residues detected on the fruit. 

Correct fumigation requires the establishment of an 
S02 concentration sufficiently high to result in an 
effective S02 level on the rind, thus providing a desira
ble degree of control of fungal growth on the fruit sur
face throughout the marketing period. The concentration 
should be such as to avoid S02 injury symptoms on the 
rind, tainting of the aril, and unneccssarily high residue 
levels. A high level of S02 on the rind appears to steril
ise the fruit surface, as indicated by the occurrence of 
recontamination on longan and lychee fruit with storage, 
where Penicillium sp. rather than Botryodiplodia spp. 
became the predominant fungus on the fruit surface. 
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Figure 4. Relationship between S02 application rates and 
S02 residues (whole fruit) of fumigated Iychees (cv. 
Honghuai and Khom) and longans (cv. Do). 
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Figure 5. SOl residues on fumigated longan fruit stored at 22°C. SOl application rates (mLlkg) indicated on curves. 

Variations from standard fumigation procedures arc 
often unavoidable during commercial operations. For 
example. when burning sulfur is used as a source of S02' 
the S02 concentration increases gradually in the cham
ber. Splitting the S02 gas injection was used to simulate 
such a condition in our test chamber. Table 5 indicates 
that longan fruit receiving split SO., injections had resi
due levels similar to those having one injection. pro
vided sufficient fumigation time after the last injection 
was allowed. Timing of fumigation duration (a mini
mum of 20 minutes) should begin only when sulfur has 
been completely burnt. 

Table 5. Comparison of single and split application of SOl 
on residue levels (ppm) in longan 

Application method Whole fruit Rind Ani 

30 mL for 20 min 320 1950 
30 mL for 40 min 370 2250 8 
15 mL for 10 min plus 210 \350 <I 
15 mL for 10 min 
15 mL for 20 min plus 340 2050 2 
15 mL for 20 min 
3 mL for 2 min. applied 200 1300 
10 times 

Table 6 illustrates residue levels of longan samples 
from subsequent scale-up experiments where fruit were 
fumigated at a recommended rate using a large fumiga
tion chamber. Residues determined immediately after 
fumigation showed a consistent agreement with the 
experimental data obtained in glass jars. The dosage of 
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SO., to be administered into a fumigation chamber 
dqJ'Cnds upon: (I) the sorption of the fruit and the 
amount to be fumigated; (2) the size of the room or. 
more precisely. the free-space in the room; and (3) the 
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Figure 6. Relationship between SOl application rates and 
SOl sorption by Iychccs (cv. Honghuai and Khom) 
and longiills (cv. Do). 



Table 6. Maximum SO: residue levels (ppm) estimated from logan fruit samrks in a scale-ur trial 

Sample no. Day 0" Day I Day 2 
---------- ----,,-----

whole rind aril whole rind aril whole rind aril 

I 280 1850 6 180 1300 14 140 920 4 
2 230 1730 7 160 1320 5 \30 1010 5 

-' 380 2650 20 240 1590 31 150 IOXO 7 
4 290 1950 II 210 1440 8 130 S80 4 
5 2RO 1960 S \60 1210 9 150 1040 I' 
6 270 2050 10 200 I.DO 14 140 960 (, 

7 260 1820 8 180 1150 13 110 90n 5 
8 230 1690 7 190 1350 8 \30 880 10 
9 260 1940 4 150 1190 4 120 1100 8 

10 260 1840 7 ISO 1290 20 

Calculated 565 -"no 20 400 2740 30 3()O 2100 15 
MRL 

a Residues analysed immediately ;[ftcr fumigation al a recommended rate for Jongan 

sorption by containers and packaging materials and the 
room surface. and losses through leakage. Allowances 
will also have to be made for the fruit stalks which were 
found to be more absorbent than the fruit (data not 
shown). The quantity of S02 needed is a combination of 
the space dosage (S) and the commodity dosage (M). 
The weight of S02 required can be calculated from the 
following equation: 

weight of S02 (g) S + /',1 

where A 
B 
C 

D 
E 

(A x II x C) + (I) x F:) 

the concentration of S02 to maintain ')b 
the free space in the roOlll, in litres 
weight (in g) of I L of SO 2' at 3(j°e, 
2.574g/L 
weight of fruit. in kg 
sorption of fruit, in g/kg 

and weight of sulfur to be burnt = weight of SOi2. 

Thai longan cxporters bcgan to use the sulfur treat
ment commercially in 1989. It is now in widespread usc. 
SO) residues were monitored on samples taken from 
ma~y trials and commercial shipments during 198991. 
There was great variation in residue levels in samples 
taken from different fumigation facilities (Table 7) and 
at various postharvest handling stages Cfable 8). In 
1991. fumigated longans also began to appear on, and 
were well received by the domestic market. In antiCipa
tion of wider usc of this technology, a code of 'good 
agricultural practices' was drawn up in 1992 by TISTR. 
It is essentially a quality assurance scheme covering: 
I. inspection and certification of fumigation facilities; 
2. fumigation process and post-fumigation operational 

control; and 
3. residue monitoring. reporting. and labelling. 

Through this QA scheme it is hoped to promote safe 
and effective S02 application techniques to ensure that 
operators take into consideration consumer and envi
ronmental concerns. 

Table 7. Variations in S02 residue levels (ppm) of longan fruit samples from three packing houses 

Sample No. Packing House A Packing House H Packing House C 
------. 

whole rind aril whole rind aril whole rind arB 

I 490 2180 206 120 800 7 ,00 1750 40 
2 460 1770 258 140 840 1.\ 2W 1420 13 
3 360 17XO IOC, 160 950 7 ISO 1780 19 
4 560 2460 217 100 670 12 150 910 26 
5 420 IX70 182 40 240 6 190 1270 13 
6 540 240() 230 90 640 11 
7 830 3820 176 150 980 12 
8 410 2180 72 170 1110 18 
9 380 1490 227 60 3S0 9 

10 360 1520 141 90 410 18 
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Table 8. Variatiom in S02 residue levels (ppm) of long an fmit samples at various pCbtilarvest stages 

Sample no. KI()n~ Tocy Sl'aport Packer llong Kung Scaport<i 
--~~---

"hok rind aril whok rind aril 

Container I -'00 1~60 39 a 85 700 0 
A2 -'80 1970 y. h 65 430 0 

-' 200 1200 21 b UO 690 50 (hy air) 
4 150 920 0 c 160 1140 -' 
5 3(Xl 1420 80 d 80 520 () 

6 220 U50 9 c 50 290 2 
7 220 1540 5 30 230 () 

H 210 1250 IX 80 630 I (by air) 
') 270 12HO 50 g 110 850 0 

10 210 1270 II 
Container I no 1790 22 

132 .110 1820 20 
-' .NO 17~O 113 
4 260 20()() 66 
5 J7() 2100 47 
6 :~~O 2210 60 
7 470 2170 XO 
S 360 20()() 38 
9 310 2150 14 

10 340 2000 40 
Container I 260 1680 17 

C2 270 1480 28 
3 215 1350 7 
4 140 970 S 

:- 180 1230 I 

a Residues W(TC analysed on samrles brought back to TISTR after 2 days. 
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Figure 7. Relationship bet\\l'l'n S02 application rates and 
headspace concentrations of S02 at the end of a 
20-minute fumigation of Iych,'es (l'V.l/onghuai and 
Khom) and longans (cv, Do). 
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Figure 8. Relationship between S02 application rates and 
S02 residues (whole fruil) of Iyehees (cv. 
Honghuai). 
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1IIIIIIII Theoretical calculation obtained by total S02 
input/weight of fruit. 

_ '111coretical calculation obtained by (total S02 
input remaillillg S02 in the headspace)/weight 
of fruit. 

IE2l S02 re"idues assayed hy modifIed Monier 
Williams method immediately after fumigation. 



Design and Integration of Other Sulfur 
Dioxide Application Systems 

The experience and understanding uf basic principles 
gained with the standardised fumigation procedures, and 
the development of the high dose-short duration fumi
gation system, have allowed development of other SOo 
application systems at the laboratory scale. These 
include the usc of S02 release pads, trickle application 
of S02 gas, and a sodium metabisulfite liquid dip. The 
choice of system and its integration into existing com
mercial practice is partly science and partly art. While 
scientists and some private sector operators arc looking 
at technical options, there is no real pressure at present 
fwm the major operators to change from the high con
centration-short duration fumigati()11 systeill. 
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Postharvest Diseases and Disorders -
Session Summary 

Chainnan: Dr Anna Snowdon, University of Cambridge, U.K. 
Rapporteur: Mr Tony Cooke, Queensland Department of Primary Industries, Australia 

POSTHARVEST pathologists are few in number, in view of the magnitude of the problems 
awaiting investigation, particularly in the tropical environment. Current emphasis 
throughout the world is on integrated methods of disease control, for reasons of economy, 
environmental protection, and public demand for reduccd chemical usage. 

Conference papers, posters, and discussions illustrated the range of options available, 
including aspects of crop husbandry, biological control, and postharvest treatments of 
various kinds. But the refinement of control methods depends on a detailed knowledge of 
pathogen behaviour (survival, dissemination, and infection mechanisms) as well as an 
understanding of host resistance. Concern was expressed that some postharvest programs 
do not devote sufficient attention to the fundamentals of pathology. Molecular biology 
dominates the research scene. 

There is much interest in developing simple 'test-kits' to assist in disease identification, 
but there is a worrying decrease in the funding and personnel devoted to classical 
taxonomic studies. More support is needed for herbaria and culture collections, both 
national and regional, to complement the international initiatives in conserving host 
gern1plasm and thereby sources of resistance genes. 

Communications networks between pathologists should be strengthened, so as to 
minimise duplication of research and, at the same time, maximise the benefits. 
Collaboration is also needed with physiologists working on postharvest disorders. 

Efforts should be made to educate the public towards an understanding that the complete 
abandonment of chemicals is neither feasible nor desirable, since the alternatives would be 
more harn1ful (e.g. mycotoxins). The burgeoning interest in tropical fruit consumption 
needs to be accompanied by increased resources for research into novel methods of 
controlling postharvest diseases and disorders. 
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Tropical Fruit Physiology and Storage Potential 

Robert E. Paull* 

Ahstract 

Knowledge of tropical fruit physiology has increiN'd dramatically over the last 15 years. This gain is due in part 
to the interest in these crops as export income eamers, The provisioIl by devdoped countries of project funds 
focusing on fruit postharvest physiology funded much of this research, with the work being undertaken by local 
scientists. The basic physiology of tropical fruit does not differ from that of the more studied subtropical and 
temperate fruit. lllC related storage potential is, however, limited by some unique aspects; chilling sensitivity of 
the- commodities, rapid ripening, and postharvest stre-sses imposed on fruit by the need for insect disinfe-station 
Irealments. These constraints are limited funher by long distances to markets and a lack of appreciation and 
application of proper handling practices at the wholesale and retail levels. There is a lack of data on the effect of 
preharvcst factors on postharvest physiology, quality. and storage potential. Areas requiring more rt.'search effort 
are studies on varietal differences, preharvest nutrition, and weather intluences on postharvest physiology, quality 
and the applied aspect of storage potential. There is a need to cooperate in projects applying molecular biology to 
tropical fruit crops. 

W()RLD production of fruit is dominated by citrus, 
grapes, bananas, and apples (Table I) in order of total 
production (FAO 1991 J. The figure for bananas does not 
include plantains and other Musa spp, which would 
make Musa spp, fruit number one in world fruit produc
tion, Other tropical fruit listed by the FAO (Table I) arc 
avocado (though some avocado types are subtropical), 
papaya, mango, and pineapple, Estimates of postharvest 
losses of these fruit vary widely both in developed 
countries and in developing countries Cfable I), In many 
cases it is unclear what these figures mean, especially 
with ranges of 20~95% for citrus lost postharvest in 
ueveloping countries. These are guesses and, in many 
cases, coloureu by isolateu incidcnts, The losses given in 
published reports do highlight the fact that postharvest 
losses may involve total loss of product, the inciuencc 
being more common in some crops than others, The 
reduction of the losses in a systematic way requires a 
knowledge of postharvest physiology and its applied 
technical aspect, hanuling, and an appreciation of its 
biological limitation, represented as storage potential. 

Tropical fruit physiology docs not differ from the 
basic knowledge gained from studies of temperate and 
subtropil'al fruit There arc dilTcrences in the major sub
strates involveu in ripening, the rate of ripening, and 

Department of Plant Molecular Physiology, College of 
Tropical Agriculture and Human Resources, University of 
Hawaii. -' I <)() Maile Way, Honolulu. HI 96822. 
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senescence and, in some cases, variation in the on.lcr 
various components of ripening occur, The aspects of 
tropical fruit physiology that make most of these fruit 
unique are their chilling sensitivity (Wardlaw 1948; 
Paull I 990a), the generally more rapid ripening of clim
acteric tropical fruit when compared with temperate 
fruit ex, apples, and the frequent need in postharvest 
handling of tropical fruit to expose the commodity to 

Tabk L World production and postharvest losses of fruit in 
less developed countries. 

Banana (Mum spp.) 
Citrus (Citrus spp,) 
Grape's (Vitis viniJera L.) 
Apples (Malus syivestris Mill.) 
Avocado (I'crsC!I lilllcricana 

Mill.) 
Papaya (Carim I){[jwva L.) 

Mango (Mlingijcro indica L.) 

Pineapple [Ananas COll/OSUS (L.) 

Merril.l 
Plantain (Mum spp,) 

a FAO (1991 i. 

World 
production 

(1991 ),\ 
COOO t) 

47660 
77 322 
57188 
39404 

2036 

4265 
16127 
10076 

26847 

b Nat ional Academy of Sciencc\ (1978). 

ESlimatcd 
lossesb 

(% of total croP) 

20·-80 
2()·95 

27 
14 
43 

40-100 



high temperatures or other stresscs during quarantine 
insect disinfestation (Paull I 'NOh). 

Storage potential is crucial to enable tropical fruit to 
be shipped from production areas to consumers. In more 
involved dcveloped, though not necessarily advanced. 
marketing channels, this can take up to 4--6 weeks. A 
case in point is papaya shipped from Hawaii by sea: fruit 
can be harvested. heated for insect control, packed. and 
be in the shipping container in 2 days. The sea journey to 
California with loading and unloading takes 9 days to 
the wholesaler. All our research has indicated that fruit 
cannot be stored for longer than 21 days before posthar
vest disease becomes a problem, so that the wholesaler 
has \0 days to put the fruit in the consumers' hands. A 
recent inspection of wholesalers found that some fruit 
was being held in cold storage for 14 days or more. A 
further 5-7 days is needed tll place the fruit on super
market shelves. The reasons given. in part, go back to a 
lack of understanding of fruit physiology together with 
poor facilities to handle thc fruit. The important point for 
this paper is that storage potential needs to encompass 
all the time spent in the various marketing steps. We 
should. as postharvest physiologists and individuals 
interested in optimum fruit handling, develop data that 
docs not just look at how long we can hold a fruit at a 
particular temperature before injury or decay turns the 
fruit into an unsaleable item. We need to use simulated 
handling schemes that approximate what will happen in 
a commercial marketing system. This necessitates an 
understanding of the cLlrrent handling system and the 
constraints that limit changes. 

In the first part of this paper! wish to briefly sum
marise a few aspects of tropical fruit physiology, look at 
the question of storage potcnt ial and what storage 
potential figures mcan. and last to indicate areas where 
research data are ncedcd. In making this ~election of 
topics. I will not address in detail the application of 
molecular biology, the use of coatings and wraps. and 

the application of modified atlllospheres to tropical fruit. 
These topics arc covered by othcr invited authors in 
these proceedings. 

Tropical Fruit Physiology 

Climacteric and non-climacteric 

Like temperate fruit, tropical fruit can be divided. 
rather arbitrarily, into climacteric and non-climacteric 
Crable 2). This division, based on respiratory pattern and 
generally a dramatic and rapid change during ripening of 
climacteric fruit. does run into grey areas sLlch as caram
bola. Some authors have suggested it is climacteric 
(Mitcham and McDonald 1991) wh i Ie others think it is 
non-climacteric. The difference is a matter of degree and 
of some importance in cOlllmercial handling. in that eth
ylene can lead to earlier ripening of pre-climacteric fruit. 

Respiration and eth)'lene 

Tropical fruit vary widely in their respiration rate and 
ethylenc production (Table 3). There is some difficulty 
in developing data of this type, as they arc very depen
dent on stage of ripening and senescence as well as 
variety, preharvest environment, and culture. However, 
rates of respiration are essential to determining heat 
loads in refrigerated cold rooms and containers. The 
ethylene production rate is .c'so necded as it relates to 
mixed loads and the effect of onc commodity on 
another. The response of tropical fruits to exogenous 
ethylene is the same as that of other fruits that have been 
studied. 

In passing. one is struck by the lack of relationship 
between the two production rates though non
climacteric fruit tend to be lower than climacteric fruit. 
The difference in temporal patterns bctween respiration 
and ethylene production in various climacteric fruit 

Table 2. Classi fication of tropical fleshy fruits according to their respiratory pattern. Modified from Kays ( 199 1 ). 

Climacteric 

A vocalio (Pcrsea americana. Mil!.) 
Banana/Plantain (Musa spp.) 
Biriha (Roiiinia deliciosa. Sofford) 
Breadfruit (Artocarpus altili.l, Parkins Fnsb.) 
Cherimoya (Annona chcrillw/IJ. ~lill.i 
Durian (Durio ~;bethinlls. J. tvlulT.) 
Guava (Psidium [;UO)"\·O. L..) 

Mammee·applc (MOIIII}Il'II {//l/cr;('(Jtlll. I,.) 
Mango (Man[;ij'era in<lICo. L..) 

Papaya (Carica papaya. L.) 

Passionfruit (Passij/o/'O ('<I"Ii.I. Sims) 
Sapote (Casimir()(J cdulis. L1ave.) 
Soursop (Annona lI1uricata. L.) 

Chik" (Achms so/wta. L.) 
--------

Non-climacteric 

Cacao U'heobrullla cacao, L.) 
Carambola (A \'crrhoa carall1boia. L.) 

Cashew (AnacardiulII u('cider/to/es. L.) 

Java Plum [Sy::y[;ium cUlllini. (L.) Skeels] 
Lychee (Litchi chincnsis. Sonn.) 
Mangosteen (Garcini(l !1wngosranll, L.) 
Mountain apple [Sy~ygll/ll/ IIIII/oconse. (1..) Merril & Perry] 
Orange [Citrus sincnsis. (L) Osbeck] 
Pineapple [AnamiS COIl1USus. (L.) Merrill] 
Ramhutan (NepheiiufII!oJ!/w('('l/Il/. l..) 
Rose apple [Syzy[;illll! jilll/bu.I. (1..) Alston] 
Star apple (Chrysopilylluill cainilo. L.) 

Surinam cherry (Eugenia unij1ora. L.) 
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Table 3. Respiration and ethylene production rate of various tropical fruit at moe. Modilled from Kader et al. (1985) with 
additions from Lam anu Kosiyachinua (1987). Tongdee et al. (1988) and Arjona et al. (1992). 

Class Respiration Ethylene 

Range Commouity Range Commodity 
(mg/kg/hr) (J1L/kg/hr) 

Very low <35 Grapefruit. orange. pineapple. caramboia <0.1 

Low 3570 Banana (green). Iychee. papaya. star apple. 0.1-1.0 Pineapple, tamarillo, coconut. 
carambola jackfruit. passionfruit, mangos teen 

Moderate 70--i50 Mango. ramhutan. chiku. guava. durian. 
mammee apple. lan/one 

High 150-300 Avocado. banana (ripe). sugar apple. 
atemoya 

Very high >300 Soursop 

Note: Vital heat BTU/tonlhr ~ mg CO2/kg/hr x 10.4 
kJ/tonlhr ~ mg CO2/kg/hr x II 

suggests different underlying physiology (Fig. I). In 
banana, the ethylene production rises before respiration 
rise; in papaya they occur at the same time: in many 
Annona fruit, ethylene rise oceurs after the respiration 
rise. The difference in physiology may be in relative 
sensitivity of different fruit tissue tll ethylene. For 
example, Annona fruit Illay be inherently more sensitive 
to ethylene than banana and the low basal levels of eth
ylene may be sufficient in Annona to trigger ripening as 
sensitivity to ethylene increases at the start of ripening. 
Banana takes the other approach of increasing ethylene 
concentration in order to accelerate and coordinate 
ripening. 

There is a rough relationship between respiration rate 
and storage life (Fig. 2). Fruit with high respiration rates 
have shorter postharvest lives. The data do reinforce the 
need to reduce respiration and thereby increase posthar
vest life. Temperature management is the major method 
of controlling respiration rate, though is limited in most 
tropical fruit by their chilling sensitivity. 

Chilling injury 

The symptoms of chilling injury arc similar for most 
commodities: pitting. skin darkening. failure to ripen 
completely, and increased susceptibility to decay. 
Carambola and the subtropical fruits; longan and Iychee, 
are crops that are somewhat resistant to chilling injury 
(Paull I 990a), requiring a considerable time (> 14 days) 
at 1°C before injury occurs. Frequently, injury induced 
by water loss is displayed and is sometimes confused 
with chilling injury. 

200 

1.0--10.0 

10-100 

>100 

Banana. guava, Inango, plantain, 
mangosteen, Iychee. breadfruit, sugar 
apple. durian. rambutan 

A vocauo. papaya. atcmoya. chiku, star 
apple 

CheriIl1oya. mamIl1ec apple, passion fruit. 
sapote. soursop 

In any discussion of chilling, two aspc([s must be 
considered, the temperature and the time at that temper
ature (Paull 1 990a). Though there is not an exact fruit
specific reciprocal relationship between temperature 
and time, it takes a longer time at a higher temperature to 
develop injury than at a lower temperature. This rela
tionship is illustrated by papaya (Fig. 3). As the storage 
temperature is lowered t"rom 30°C, duration of storage 
life is increased, the limitation being fruit ripening and 
senescence. Storage life reaches a maximum of 25 days 
at I 0-1 2°C, Lowering the temperature further, leads to 
a shorter storage life but the limitation changes from 
ripening to the development of chilling injury, ripening 
being completely inhibited. Most recommendations for 
optimum storage of tropical fruit arc just inside the 
chilling range 8-12°C (Anon. 1986. 1991). as this 
allows ripening to be controlled and if removed before 
the chilling stress threshold is exceeded, the fruit still 
has a number of days of useful marketing life as the fruit 
ripens. Unfortunately, similar data are not available or 
are fragmentary for many tropical fruit (Paull 1990a). 
The actual relationship between storage temperature and 
duration can vary with variety, preharvest conditions, 
stage of ripeness, and postharvest treatments. 

The application of heat treatments to ameliorate 
chilling injury symptom development has been 
researched for a number of years. These treatments have 
nomlally involved intermittent warming during chilling 
exposure. Recently. however, it has been shown that a 
prestorage heat treatment of 24 hOLlrs or so at 38°C can 
reduce chilling injury in tomato (Lurie and Klein 1991) 
and mango (McCollum et al. 1993). We have not found 



a similar response in papaya. Improvement of fruit 
quality has also been found with similar treatments 
(Klein and Lurie 1992). Similar treatments may have 
application to tropical fruit. 
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Moisture loss 

Loss of weight of tropical fruit postharvest, mainly a 
loss of water, is dependent upon the commodity, variety. 
preharvest conditions, vapour pressure deficit, wounds, 
postharvest hcat treatments, and the presence of coatings 
or wraps. Tropical fruit can be grouped from low mois
ture loss rate, such as from a coconut; to medium, avo
cado, bananas, pummelo; to high, guava, Iychee, mango, 
papaya, and pineapple. Fruit having lost 6-8% of their 
fully turgid initial weight begin to show signs of weight 
loss (Robinson et al. 1975; Paull and Chen 1989b). The 
initial signs are skin wrinkling, though skin discolora
tion is the first symptom in some fruit. This loss of 
weight, besides reducing overall appearance, is also an 
economic loss if fruit is sold by weight. 

On a per unit area basis the stem sear is frequently the 
site of highest water loss though most is lost through 
lenticels, stomata, and the cuticle of the skin in fruits 
with a larger surface area. Water loss requires some 
uniformity in presenting data (Burton 1982; Woods 
1990). The most common method is percent of initial 
weight loss per day (Sastry et al. 1978), but, to allow 
comparison with other fruit and tests done under differ
ent conditions, percent initial weight loss per day per 
unit of water vapour pressure deficit is preferred (Table 
4). Tropieal fruit have water loss rates between about 
0.1-0.3 % loss/day/mbarWVPD. Insect quarantine heat 
treatments pose an additional problem, in that additional 
water is lost early in the postharvest handling of the fruit. 
This early loss can be in the order of 1-2% in the case of 
papaya and is not regained during cooling following 
treatment. The fruit soon reaches the threshold when 
visible shrivelling occurs (paull and Chen 1989a). 

An even less-studied aspect is the effect of water loss 
on rate offruit ripening. Loss of OS I( per day in plantain 
(George et al. 19H2) can reduce the preclimacteric 
period 65% (Table 4). The reduetion in preclimacteric 
life is dependent upon variety, as the papaya variety 
Bentong held under dry conditions had no reduction in 
preclimacteric life while the variety Taiping held under 
the same dry condition had a 50'!" reduction compared 
with fruit held under moist conditions (Nazeeb and 
Broughton 197X). 

Storage Potential 

Storage potential i~ normally given as the postharvest 
life of a commodity held at its optimum storage temper
ature (Anon. 1086, 1991). This potential is dependent 
upon variety, preharvest environment. and culture 
(Arpaia 19(3), maturity at harvest (Tongdee et al. 1988), 
and storage conditions (Anon 1986; 1991). Postharvest 
lire is terminated because of physiological, mechanical, 
and pathological factors (Kader et al. 1985), with symp
toms such as excessive water loss, bruising, skin scald. 
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Figure 3. The time ami temperature relationship of incipient 
chilling injury for papaya fruit ( ) and fruit ripening 
(e) at various temperatures. Redrawn from Chen 
and Paull (1986) and Paull (unpublished data, 
1987). 

failure to ripen, and decay. The limitation imposed by 
chilling injury on tropical rru it puts a different constraint 
on storage potcntial as storage temperatures higher than 
8-l2°C lead to ripening and senescence, with lower 
temperature leading to chilling injury as discussed ear
lier. 

Commercial publications (Anon. 1986, 1991) present 
storage putential of many fru its. vegetables, and tlo\\-
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Table 4. Comparison of water loss from different tropical 
fruit and percentage reduction in preclimaeteric 
period of fruit showing weight loss. 

Tropical fruit 

Avocado 

Banana 

Custard apple 
Guava 
Mango 
Papaya Sunset 

Bentong 
Taiping 

Plantain 
Rambutan 
Sapodilla 

Water loss 

% loss/day % loss/day/ 
mbarWYPD 

0.5 
1.0 
0.4 0.3 
1.0 

Dry!wet 
0.3 
0.1 
0.08 

Dry/wel 
Dry/wet 

0.5 
0.32 
0.30 

% reduction 

47 
30 
9 

20 
30 

0 
50 
65 

Sources: LillmHnn , 972: Robinson et"1. , 97~: Nazeeb and Broughton 
1978; Broughton and Tan 1979; Burton 19(;2: Genrge et al. 1982; Paull 
and Chen 19S<)h; Ha\\~1I1 and Pantastico 1990; ('uning and 
Wobtenholme 1992. 

ers. including many tropical fruit (Table 5). The post
harvest life, or storage potential, is given along with 
optimum storage temperature. The values for posthar
vest life should be taken as a maximum. The range of 
storage life given also indicates variability in the infor-



mation available. These values have been extracted from 
published and unpublished data where .many criteria 
were applied to the determination of the end or storage 
potential. These criteria arc frequently the appearance or 
disease and/or loss or appearance due to scald and 
wrinkling. There is. however. a need to incorporate 
other more subjective eating quality criteria such as fla
vour, taste, and texture. It is also unclear whether the 
data incorporated a period ror retailing and consumer 
handling. They arc Illostly based upon laboratory studies 
that do not allow for the vagaries of commercial han
dling. 

Table 5. Storage potential. indicated as postharvest life of 
tropical fruit ami the recol1lmended optimum 
storage tl'mperature. Data extracted from 
cOlllnll'rcial puhlications (Anon. 1086: 1(91). 

Fruit 

Acerola 
Atemoya 
Avocado Mcxican 

Postharvest life 
at optilllulll 
temperature 

(days) 

-- West Indian 

50-58 
2~-'+2 

1.+ 2S 
1.+ 2S 
728 Banana 

Breadfruit 
Caramhola 
Cherimoya 
Coconut 
Durian 
Granadilla 
Guava 
lackfruit 
Langsat 
Longan 
Lychel' 
Maml1lee 
Mango 
~1angosteL'n 

Papaya 
Passion fruit 
Pineapple 
PUTl1Illt'io 
Ramhutan 
Sapotl' 
Star fruit 
Sugar apple 
White sapote 

14--41) 
21-28 
14--28 
.10 60 
'+2-56 
21-28 
1421 
14 .+5 
10-15 
21-35 
21-35 
1.+ 21 
14--25 
!'+-25 
7-21 

14-21 
1.+ .16 

X'+ 
7 21 

14--21 
21 2X 

28 
14--21 

Optimum storage 
temperature 

o 
13 
5 

10 
14 
13 

I 
13 
o 
4 

10 
10 
I.l 
I I 
2 

13 
10-12 

l.l 
8-12 

12 
10 
7 

12 
12 
o 
7 
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FlItllrt, Research Needs 

'IlK types and amount or tropical rruit appearing In 
intemational markets are expected to increase. The 
range of fruit that will also be seen will go beyond the 
current hanana. pineapple. mango. papaya. and to a 
lesser e.\tent carambola, chcrimoya. rambutan, and 

2m 

Iychee. '111is requires data on physiology and responses 
of these and other potential tropical fruit to the stress 
experienced following harvest. This work should lead to 
the development of handling protocols that can be util
ised by the commercial sector. In developing these data. 
there is a need to understand and appreciate the con
straints in the current marketing system. Areas in which 
additional research is needed include the rollowing: 
I, The effects or pre harvest factors on postharvest I ife or 

commodity is an area with little developed definitive 
research results. The data available indicate a very 
significant influence. These factors can alter the sen
sitivity of fruit to heat treatments and cold storage. 

2. Chilling injury, time··lemperature response. and 
methods to ameliorate damage should be addressed. 

3. lleat treatments to control postharvest disease and 
insects, with a focus on physiological responses and 
factors that afrect injury occurrence. 

4. Water loss, especially its loss and control during 
postharvest handling and marketing. This requires an 
understanding of the factors involved and role of dif
ferent treatments in altering the rate of loss. 

5. \1arket system analysis and the use of simulated han
dl ing and storage regimes that allow easier transfer of 
data to the commercial sector. This should provide 
more realistic estimates of storage potential. 
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Biochemical and Molecular Approaches to 
Fruit Ripening and Senescence 

Colin J. Brady* 

Abstract 

Advances in our understanding of the induction of ripening and the senescence that follows ripening have 
depended upon a battery of chemical. biochemical and. more recently. molecular techniquc's. :"lew methods have 
been used as they have bec"()fne availahle and each has made a contribution to the understanding "f fruit metabo
lism; some have provided useful measures of fruit quality or maturity. In hindsight. some methods. or the way in 
which methods ha", heen used. have been more valuable than others. The tropical fnlits have. in general. heen 
studied less intenSively than the maior temperate fruits. The likely value of employing particular methods to 
increase knowkdge of the ripening hehaviour of tropical fruits can be assessed hy comparison with earlier expe
rience on temperate crops. A ca,,' is made that enzyme studies in vitro. and studics with suhstrates and/or inhibi
tors added to tissue slices, have contributed little to knowledge beyond that given by precise' chemistry. Molecular 
genetics allows very discrete analysis of hypotheses and wi II advance knowledge of those fruits for which trans
formation systems are available. Proper usc of the techniques depcnds upon good methodology in nucleic acid and 
protein fractionation. and on intelligent definition and selection of the questions for review. 

TillS title was chosen for me and I have accepted it as 
given. It is an interesting title for it carries a challenge to 
evaluate the various biochemical and molecular 
approaches that may be used to study fruit ripcning. This 
is a uscful thing to do at this time whcn new methods arc 
available, when interest in the subject is cxpanding in 
rcsponsc to the opportunitics that new methods prcsent 
and, in the context of this conferencc, where there is 
consideration of how to advancc thc commercial usc of 
a range of tropical and subtropical species on which 
there has been relatively little biochemical research. 

The title is intriguing also in that it distinguishes fruit 
ripening from senescence. There has been a debate 
among physiologists for some time as to whether ripen
ing is synonymous with senescence. I take a position 
that allows a distinction between the two, a position in 
which I will be joined by all those whose business is 
selling 'ripe' but not senescent fruit. Undoubtedly 
ripening advances senescence but non-ripening mutants 
eventually senesce. Ripening and senescence share 
some mechanisms and biochemical pathways, but it 
docs not seem to be necessary to complete what is 
known in commerce as ripening in order to senesce. 

The main biochemical aspects of ripening arc well 
known to those associated with the industry, even if they 
arc unacquainted with thc terminology. Ripening gener-

* CSIRO Division of Horticulture, PO Box 52, North Ryde 
New South Wales 2113, Australia. 
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ally involves sugar accumulation, either directly or via 
starch, acid loss. softening. colour change, and Ilavour 
development. It is generally known that ripe fruit bruise 
easily and become susceptible to disease. It is also 
widely known that the gas ethylene promotes ripening 
and senescence. and that tropical fruits. especially if 
they are yet to ripen, should not bc stored at very low 
temperatures. Finally. it is recognised that cultivars 
differ in the changes they undergo with ripening and in 
their postharvest behaviour. If we add to thcse a concern 
for the responses of the fruit to atmosphercs other than 
air, we have the substance of the biochemistry that con
cerns the industry. 

Defining biochemistry broadly, the available research 
approachcs can be listed as follows: 
I. Visual or observational analysis 

2. Gas exchange 

3. Chemical evaluation using destructive analysis 

4. Other non-destructive chemical analysis 

5. Enzymology 

6. Pathway analysis using additives and/or inhibitors 

7. The usc of mutants in conjunction with other meth
ods 

8. Molecular biology 

9. Molecular genetics 

In ternlS of advancing our control of the 4uality of 
fruit marketed in the tropics what contribution can be 
expected from each of these methods? 



Visual Observation 

Most of us use the superb analytical features of the 
human eye, together with olfactory and tactile senses, to 
gauge fruit quality on a daily basis. We can sense colour. 
texture. and volat ill' content with a high degree of dis
cretion, and we can sec microbial or phySIOlogical dis
ease symptollls. Irwe choose to use a taste pand, we can 
add non-volatile !lavour discrimination and statistical 
treatment. Possibly the majority of breeding. disease 
contr,)!, and storage experiments depend upon this type 
or biochemistry. When the experimcnts are well 
designcd and executed. the analyses arc satisfactory, 
They have the advantage that the analytical teehniques 
employed are identical to those used in the market place. 
They have the disadvantage that they convey only a rel
ative message to the outside observer; they can describe, 
for example, a relative lack of flavour but they cannot 
convey the extent or the deficiency. 

Gas Exchange 

Fundamental to any understanding of fruit physiology is 
information on the pattern of respiration change and or 
ethylene production. Modem automated instrumeI1la
tion allows a rapid assessment of a fruit's response to 
harvest maturity, temperature. ami atmosphere. The res
piratory quotient gives information on substrate usc or 
progression towards fermentation. Combined with sys
tems for providing and maintaining gas atmospheres 
around a fruit there is no more efficient way of gaining 
information on how fruits will respond to storage vari
able,;, 

It is of intcrest that despite the vast study that has bel'1l 
made of ethylene in fruit on the one hand, ami the ripen
ing of majm temperate fruit on the other. it has only 
recently been recognised that there is a very wide range 
in ethylene production rates among cultivars (EI-Agamy 
at a!. 1981; Watkins et al. 19R9). This is because detailed 
studies have tended to be limited to a few cultivars and 
notably in apples to Golden Delicious, With modem 
equipment, selection for a dcsirl'd pattern of ethylene 
production and for a low base level of dark respiration is 
possible and should lead to the selection of cultivars 
with a good storage potential. 

Invasive Chemical Analysis 

Observational analysis can describe ripening as a 
sweetening. a loss of astringency. a softening in tex
ture, and a development of aroma. If the aim is to 
manipulate the process either in terms of objective 
standards or by phvsiological or genetically modifying 
the process, a more precise description in quantitative 
terms of the process may be needed. It will. for exam
ple. be necessary to know whether the sweetening is 
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due to starch breakdown, acid conversion to sugar, 
rapid sugar accumulation in the fruit, or some combi
nation of these. Consider the ripening of the grape or 
of papaya in each of which the sugar content increases 
dramatically prior to harvest maturity (Lavee and "ir 
I 986; Chan et a!. 1979), but is also associated with a 
loss of organic acids or of astringency. Organoleptil' 
analysis will discern the increase in sweetness but will 
not provide the evidence that allows the conclusion that 
the increase in sweetness is mostly due to an increase 
in the rate of assimilation - a matter that cannot be 
accomplished after harvest. 

Modern methods of chemical analysis can provide 
strong evidence of the pathways involved in many reac
tions. The pathway of ethylene biosynthesis is well 
known to most fruit physiologists. There arc few cases 
where an evaluation of the level of the enzymes 1-
alllinncyclopropane- I -carboxylate (ACC) synthase and 
ACC oxidase (EFE) is more infornlative than a measure 
of the ethylene production rate coupled with a measure 
of ACC and malonyl ACe. For sure, the interpretation 
of the chemical evidence is dependent on a knowledge 
of the pathway, but that knowledge is now available and 
the pathway docs not need to be rediscovered in every 
eultivar of every species. 

Detailed chemical analysis can make a particularly 
useCLlI contribut ion when complex catabolic e\'Cnts are 
under review. Two of the most complex arc the macro
molecular structures involved in cell membranes and 
cell walls. 

Sensitivity to chilling temperatures is a major event 
confronting those who seck t() prolong postharvest life 
in tropical crops. There is an extended and unfinished 
debate on the prime cause or causes of chilling sensitiv
ity and the debate will not be resolved here. However, 
one well presented theory is that the relative sensitivity 
to low temperature depends upon the fatty acid compo
sition of the membrane phospholipids (Murata 1983; 
Raison and Wright 1983). The theory, in one refinl'd 
form, proposes that the responses of the membranes -
and ultimately the plant - to low temperature depends 
on the ratty acids that occupy the 2-aeyl position of the 
phospholipid phosphatidylglycerol (Murata 19:-13; Rou
ghan 1985; Orr and Raison 1990). This theory depends 
upon a wealth of detailed analysis of crops, including 
horticultural crops. The difference is genetically con
trolled and the genetic difference was detected by 
detailed chemical discrimination. We will return to this 
matter. 

An example of interest to rruit physiologists and all 
interested in plant senl'scence is the deterioration in cell 
membrane function that appears to accompany ripening 
and senescence and leads in some cases to fermentation 
and in others to tissue browning. There are proposals 
that membrane-associated oxidative events precede the 
ethylene-induced ripening events and contribute to the 



increase in ethylenc sensitivity in avocado (Meir et al. 
1991). This is in line with much evidence that oxidative 
damage contributes to the seneSL'ence syndrome. While 
I do not mean to elll!\)rsc claims that (lX illative damage is 
the prime cause \If senescent deterioration in plants. this 
is a serious proposal supported by some chemical evi
dence and it is pertinent to our use of controlled atmos 
pheres for fruit storage. There is every prospect that the 
enhanced chemical evidence will lead to the develop
ment of hypotheses that ean be tested experimentally. It 
is of the very nature of this type of evidence that it iden
tifies a lesion but docs not expose whether the lesion 
results from a decline in repair or an acceleration in 
damage. 

A third example of complex catabolism concerns 
texture changes and cell wall structme. Increases in cell 
wall plasticity arc implicated in the softening of many 
ripening fruit, ineluding tmpical fruit. In no case, how
ever, is the mechanism underlying the changes in plas
ticity well understood. It is important that there is an 
understanding of fruit texture, because maintaining a 
texture that is consistent with satisfactory handling 
through storage and marketing is a key aspect of devel
oping a profitable export industry. Moreover, a nLlfnber 
of storage disonlers including low temperature injury 
and heat damage involve a disturbance of the softening 
mechanisms. 

For many years, based on the changes in pectin solu
bility that accompany ripening and limited observations 
on cnzymes, it was assumed that fruit softening involved 
hydrolytic catabolism of pectins. Thcre was, however, 
no direct chemical evidence for this. Such evidence was 
gathered in tomato by Huber ( I \)1'Cla) but the initial evi
dence of extensive hydrolysis of the pectins has not been 
confirmed. More recent evidence using methods that 
control enzyme aL'livity in extracts and appropriate 
methods for measuring molecular mass show that pectin 
hydrolysis occurs but is limited (Seymour and Harding 
19S7; Seymour et al. 19t;7). Non-cellulosic neutral sugar 
polymCfs undergo similar changes in size distribution as 
pectins (Huber 1983a,b). Loss of galactans from the cell 
walls was shown early and the galactan loss appeared to 
be from the pectin fractions (Gross 1990). The chemical 
evidence shows that a complex of changes is involved in 
modifying tomato fruit texture through ripening and that 
enzymes acting on pectins, galactans, and hemicellu
loses may be included in this complex. The evidence 
does not lead to enthusiasm for any hyputhcsis that tex
ture change results solely from the hydrolytic cleavage 
of the polygalactufOnic chain. The chcmistry docs sug
gest a concern for the mechanism by which galactose 
and arabinose is removed from thc ccll wall complex. 
Again, we will retum to this mattcr latcr, but the point 
can be made that intensivc work on the mcchanisms of 
change in the cell walls of tomato and somL' other fruits 
have led to the development of methods of analysis of 
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cell wall components that can give very useful leads on 
softening mechanisms, or, in the case of aberrant sof
tening, on the sitc of the il'slon. (Gross 1990; Selvendran 
and O'Neill 191'7; Seymour et al. 1987; Wade et al. 
1992; York et a!. 1986). 

There are matters on which chemical analysis givcs 
little guidance. Consider the important question of res
piration. Chemistry will tell of the total potential sub
strate in the tissue, and analysis against time will tell of 
the use of the potential substrates for respiration or other 
purpose. Chemistry will also tell of changes in ATP or 
of any of the intermediates of the respiratory pathways. 
But tissue analysis will give no infomlation on tumovcr 
of an intermediate, nor will it distinguish metabolic 
compartments. There has been hope that cell fractiona
tion techniques will allow mcaningful comparisons of, 
for example, vacuoles versus protoplasts, but time plus 
leakage tends to discount the value or such comparisons. 
The increasing sensitivity of analytical procedures docs 
allow information to be gained on very small tissue or 
fluid samplcs. Thus, analysis of a few microlitres of 
apoplast fluid of tomato gave us some insight to the 
composition of the tluid interacting with fruit cell walls 
(Table I). One matter that may eventually be resolved 
by X-ray analysis is the distribution of calcium in fruit 
cells. Most fruit physiologists would agree that therc is 
some relationship between fruit calcium and fruit qual
ity in teflllS of texture and storage potential. Defining the 
calcium pool that regulates this response has proven 
difficult and consequently there is no reliable means of 
assessing which samples will benefit from calcium 
additions. 

Table 1. Soluks in tomalo fruit apoplast 

Solute Concentration (mM) 

Cultivar I Cultivar 2 

Sucrose 4.3 ± 1.2 4.3 ± 0.7 
Fructose 18.0 ± 2.4 25.0 ± 1.7 
Glucose 13.9 ± 1.9 22.4 t 1.~ 

Potassiulll 1~.8 ± 2.9 20.6 ± 4.7 
Calcium 1.3 ± 0.4 1.2 1 0.4 
Magncsiunl 1.0 ± 0.2 1.0 ± 0.4 
Phosphorus 1.7±0.3 1.6 ± 0.4 
Sodium 1.3 ± 0.5 1.1 ::: D.2 
Citrate 2.2 -t 0.2 3.3 ± 0.4 
Malate 6.4:+: I. I 6.5 ± 1.2 
Glutamine 2.0::: 0,+ 2.1 ± 1.0 
Arginine 2.3 :+: 0.6 2.3 ± 0.4 
Nitrate 0.0 ± 0.0 O.O± 0.0 
Hexose-phosphates (J.Oi 0.0 O.O±O.O 

Note: Apopla~t 'lluiJ \\;.1" Liisplaccd fn)1ll green fruit ,)0 days posl
anthcsis w .. ing a pressure lkhyLirallClll tL'l'llniqul', displacing the fluid viOJ 
a continuity e:--t,lblished through lhe pulil'CJ \,lscular system. Data of 
P,,(rick. MOll. and Rrady. 



It is dirficult to escapc the conclusion that modern 
chcmistry has important contributions to make to our 
undcrstanding or rruit ripening, Mcthodologies have 
becn devcloped and assessed on a number of fruits, and 
thcir usefulncss and limits exposed. Thcrc would sccm 
to bc a strong case ror stimulating interest of well
equipped chcmistry departmcnts in the tropics in the 
changes involvcd in ripening and stored tropical fruits. 

Non-invasive Chemical Analysis 

Thc disadvantagc of dctaiie-d chemical analysis is that 
the extraction and/or analytical techniqucs destroy the 
samplc. A study of changes with timc relJuircs multiple 
samples with thc associated statistical problems. The 
benerit of incrcasing sensitivity of analytical mcthods 
may not be redeemed bccause of the overriding necd for 
replication. 

Non-destructivc mcasurcmcnts of rruit propcrtics are 
of particular value. Thcy allow successive measure
ments on samples, incrcasing the feasibility of making 
detailed timc-course studics. Reflectance measurcmcnts 
ror pigment content are among the most widely used 
mcthods, and the use of chlorophyll fluoresccnce to 
measure chloroplast function is extremcly useful in 
organs that rctain some chlorophyll (Smillie and 
Hctherington 19R3). Such fluorcsccncc mcasurcmcnts 
can dctcct environmental damage and repair in a scnsi
tivc way using procedures that takc only a few seconds. 

Other methods arc bccoming available that allow 
somc analysis of tissue composition without damagc to 
the tissuc. While thesc arc commonly called non
invasive methods this is not strictly so since they mostly 
involve thc usc of radiation or of strong magnctic fields. 
Near infrarcd analysis can be uscd to measurc the sugar 
content of some tissues and it also can bc uscd to detect 
the type of superficial browning that commonly rcsults 
from bruising. Of more interest to the biochemist is 
nuclear magnetic resonance which has, for cxample, 
been used for measuring A TP levels through ripcning, 
the content of the respiratory intermediate, fructose-
2,6-bisphosphate, or the pH of intracellular compart
lllents. Besides the prospect for doing time-series obser
vations (Saltveit 1991), a major advantagc of NMR 
analysis is that it avoids the prospect of metabolite decay 
through extraction and it can give inforn1ation on com
partments within cells. The delllonstration of A TP con
centration through thc climactcric of avocado fruit 
(Bcnnett et al. \<)r;7) was an important event in fruit 
biochemistry bccause it established that useful chemical 
energy was accumulatcd by the cells from the climac
teric respiration, confirming thc viewpoint of Young 
and Biale (1967) and eliminating lingering suggestions 
that the ethylene-provoked respiratory response 
involved uncoupling or extensive use of the alternative 
electron transport pathway. 
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The biochemistry of fruit cells, as with other storagc 
tissucs, tends to bc dominated by the large vacuole that 
occupies ninety or more percent of the total volumc. 
Slight shifts in the distribution of metabolites between 
the largc vacuole and relatively small cytoplasmic com
partments can have a profound effect on ccll function. 
Most biochemical approaches to fruit cell mctabolism 
arc confounded by the problems associatcd with the cell 
compartments but NMR otTers a means of measuring 
changes with time in the pH of vacuole and cytoplasm 
and probably also of the apoplast (Roberts et al. 1992). 
In vitro measurements suggest that thc passivc difTusiv
ity properties of thc tonoplast and perhaps the plasma
lemma changc with ripening (Brady et al. 1970). Such 
an increase in 'leakage' is sometimes supposed to lead to 
the incrcase in disease inL'idcnce in ripc fruits. In fact it 
is not known what effect the incrcase in diffusivity has 
in thc intact tissue, It may be that it rcsults in significant 
changes in both the cytoplasm and thc apoplast, provid
ing respiration substrates to the cytoplasm and an cnvi
ronment that mobilises calcium and allows cell wall 
expansion in thc extracellular compartment. On the 
contrary, it may be that the metabolite pumps on the 
membranes are able to maintain the metabolic compart
ments in the face of the increase in diffusive tlux. NMR 
studies of ripening fruit have the potcntial to answer th is 
important qucstion. 

Other examples of non-destructive analyses are the 
usc of clectron spin resonance to measure lipid phasc 
changes in relation [() l'hilling injury (Raison and Orr 
1986), and the direct calorimetric mcasurc ofhcat output 
by tissucs (Criddle et al. 1<)<)0). When coupled with 
sensitive gas-exchange analysis. the calorimetric tech
nique can determine the etlicicllcy of respiration, the usc 
of the alternative pathway, and the refrigeration nceds 
for temperature maintenance. 

While some oj' these methods, for example reflec
tance and rIuoromctric methods, are available and 
affordable, others are either undergoing development or 
beyond the budget stretch of most who are concerned 
with fruit metabolism. They do, however, offer a means 
of probing the living tissue without unduly diverting it 
from its ontogenetic course, and their expanded use 
should bc encouraged. 

Enzyme Studies 

For some thc very substance of hiochemistry is the study 
of enzymes in isolation and enzymcs coupled into path
ways. The billchcmist's rcsponsc t() an observation of a 
shift in respiratioll rate or to a chemical shift as in a 
malate/citratc change or a browning reaction is to pos
tulatc which enzyml' or enzymes are involved and why 
thc change in equilibrium has occurred. 

Tn fruit, such an approach has seldom been successful 
or llseful. This can be illustrated by a considcration of 



respiratory metabolislTl. a matter central to the questions 
of ethylene respon,,·s. nr fruit ripc'ning and rruit storage. 
of storage in controlled or modified atillospheres, and of 
refrigeration. Since the climacteric was observed in 
1924 (Kidd and West 1924), biochemists have sought all 
explanation in tenns of the modified regulation or the 
glycolytic enzymes (Solomos 1983) or from a study of 
mitochondria in isolation (Moreau and Romani 19f\2). 
Despite a half-century of endeavour we arc unable to 
explain the ethylene effect on respiration in terills of 
metabolic control of key enzymes, of substrate release. 
of gene transcription, or of phosphate acceptor control. 
Attempts at explanation arc confounded by an inability 
to analyse the separated cell compartments, and there
fore by an ignorance of the environment of the enzyme 
or organelle in question. When I surveyed the papers on 
mango enzymes recently. :; of 14 dealt with glycolytic 
enzymes and were attempts [() explain respiratory 
changes in tenns or metabolite control. This is an exer
cise in classical biochemistry but it will not add to an 
understanding of rruit ripening. ThelT is no likelihood 
that the emymes are not present and there can be no 
proof that the enzyme in isolation is behaving as the 
enzyme in the cytoplasmic milieu. 

The other enzyme papers I found on mango dealt 
with hydrolytic or oxidative enzymes (Table 2). Such 
studies arc occasionally instructive but the chances are 
not high . .'vIost of the enzymes are rather universally 
distributed and a failure to demonstrate an activity docs 
not establish that it is abscnt from the tissue. Neither 
does the presence of an ellzyme establish its potential 
for change in sitLl. Particularlv IS this the case with 
hydrolytic enzymes. For thcse thc equilibrium is always 
tnwards hydrolysis but in SitLl the eljuilibrium is seldom 
realised. For example. all cells u)t1!ain proteases, but 
their potential activity is seldom exhibited, probably 
because they are limited by susceptible substrate. Like
wise most fruit cells seem to contain peclinmethyleste
rase. and tomato and citrus contain large amounts. In 
aqueous solution the equilibrium for these cnzymes is 
towards dc-esterification but in situ the pectin substrates 
remain highly esterified. Consequently, there is no 
unambiguous finding from a measure of the changes 
with time in the content of an enzyme that appears 
always to be in excess. The exercise is particularly 
uninformative if isofonns of the enzyme are not distin
guished. 

Tahle 2. Recent L'lllyme studies Oil ripening mango fruit 

Enzyme class 

Glycolysis 
Starch or sucrose 
Cell wall modifying 
Lipid modifying 
Perox idaseiPPO 

i\umher of publications 

5 
2 
-+ 

4 
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Texture is a Illost important property of fruits that arc 
traded internatiorully. Consequently. there is a need to 
select for handling Illethods and.'m genotypes that 
maintain an acceptable texture during shipping and 
marketing. Disorders that include a failure to soften 
satisractorily seem common in tropical fruit and there is 
a tendency to seek an explanation for the disorder in 
terms of a difference in the level of one or other clllyme. 
In no case is the role of these enzymes in the texture 
change defined, and without an appreciation oj" the 
normal an explanation of the abnonnal is unlikely. The 
presence of an enzyme gives no measure of its activity 
in the tissuc. and aciL'quate chemical analysis is, in most 
cases, a more' direct measure or critical change. 

There are. of course, cxamples where enzyme studies 
have been useful. The C1l/yllle work that established the 
pathway of ethylcne biosynthesis was a major contri
bution to our understanding uf fruit function (Yang and 
Hoffman 191'4). and our understanding of ripening pro
cesses depends critictlly Oil a kJl(l\vledge of the other 
major metabolic pathways. i:.nvironmental or develop
mental responses can often be aecurately plotted by 
measuring a change in enzyme distribution as in using 
ACe oxidase as an index of maturity in pome fruit (Ye 
and Dilley 1991) and alcohol dehydrogenase as a 
measure or anoxia (Longhurst et al. 1990). Recently, the 
level of total soluble solids (TSS) in LycofJersicofl spe
cies and hybrids was related to the presence or absence 
of vacuolar invertase (Yelle et aI., 1991) - an interest
ing and useful fimiing. The phenotype associated with 
the lack of the invertase had a high ratio of sucrose to 
reducing sllgars with thc resultant effects on turgor 
apparently allowing a higher accumulation of soluble 
solids. The phenotype could have been detected by 
analysis, but uml(lubtedly the clarity of explanation 
given by the cnzymc analysis aided the usc made or the 
observation. 

Pathway Analysis 

When biochemists have attempted to check the progress 
or a metabolic pathway, or to check in vivo control 
points postulated from in vitro studies. they have mostly 
used radiolabelled intermediates or inhibitors of spe
cific reactions. In specific circumstances the methods 
have had outstanding success. In st()rage tissues, suc
cess has heen more lilllite'li. To g:rin entry of metabolic 
intermediate', to ,Image tiSSUe'S. the tissue must be dis
turbed by sl icing and.'"r vacuulll or pressure infiltration 
(Palmcr and \kGlasson I')(,')). Such treatments change 
the tissue so that ill quantitativc terms the study has 
departed from its original aim. Because fruit cells have 
large storage poois, reaction prccllrsllrs have sometimes 
to be added in rather high concentrations in an attempt 
to maintain analytical sensitivity and negate the effects 
of endogenous dilution. Such additions again change 



the equilibrium and Illay alter the reaction rates or even 
the balance between pathways. TI1C experiments even
tually depend upon "Ollle judgment 01' the int1uence of 
metabolic compartments on the observations and an 
unambiguous interpretation is seldom possible. 

The fruit slice has been widely used in vegetable and 
fruit biochemistry (Laties 1964; Hulme et al. 196R; 
McGlasson et al. 1971 a,b), but its use has declincd with 
recognition of the rapidity and size of the responses to 
slicing (Schuster and Davies 19R3). Recently. its LIse 
has been reoamined with a view to its potential for the 
study of the turnover of cell wall polymers in tomato 
fruit (Campbell ct al. 19(0), but its valuc for this pur
pose has yet to be fully l'stablishcd. 

Metabolic inhibitors il,\\e value in isolating an effect 
if they are specific. if they call be introdul'ed without 
undue physical disturbance of the tissue. and if the 
inhibition of one pathway docs not Ilmluly inlluence 
another so that the observed CO 11 Sl'L[ uence is a down
stream effect not directly due to the inhibited reaction. 
The use of the vol:itik inhihitor of ethylel1l' synthesis, 
norbornadiene, can be very useful and, comn1(.'fcially, 
silver thiocyanate is extremely valuable although rev, 
would claim that its effects arc limited to blocking eth
ylene rcceptors. S,)me of the difficulties of using inhib~ 
itms in biochel11ical studies have been discussed 
elsewhere (Brady 19!:1R), 

While there 111;\Y be specific biochemical questions 
that can be approached by the use of labelled metabo
lites anLIJur inhibitors, these methods do not appeal as 
ones that will be generally useful in the study of the 
heavily vacuolated, rapidl) differcntiating tropical 
fruits, 

The Use of Mutant Lines 

Comparative biochcmistry has been uscl'ul in the study 
of complex tissues ,md responses as is well illustrated in 
the matter of chilling injury (Patterson and Graham 
19R7). The comparisons become more valuable when 
the genetic ditTcrences are minimised, and comparisons 
involving ripening mutants have been particularly 
useful in defining physiological and biochemical ques
tions. The rin (ripening inhibited), nor (non ripening), 
a/co/JuclI, and filTer ripe mutants of tomato have been 
used extensively (Grierson et al. 19!:17), but two othcr 
examples of mutations that have not been so extensively 
exploited arc worthy of consideration. 

In tomato, the dg or dark green lllutant is an aid to 
breeders who aim to intemify fruit colour but it has 
another aspect that has been studil'd by Kock and Nevins 
(1990). The fruit arc firm and do rwt s()itcn appreciably, 
Chemical studies show littk' degradation of the cell wall 
pectins despite the prCSel1L'e of large aflhlunts of the 
pectin-degrading en/Ylllcs pl'ctin methylesterase and 
polygalacturonase. t\nal) sis of the lllutant clearly leads 
to the conclusion that the presence of the pectin-
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hydrolysing en/ymes arc not of thel11selves sufficient to 
ensure pectin dcgradatinl1 and fruit softening. A similar 
conclusion wa, del11anded by observations on the 
mutants generated by specific gene transfer experiments 
(Fischer and Bennett 1991), 

In peaches the stony hard mutant bears fruit that. in 
nonnal circumstances, do not soften or soften very 
slowly. However, when exposed to ethylene, the mutant 
fruit ripcn weJl, including the expression of the soften
ing pattern that is characteristic of the background gen· 
otype (Yoshida 1976), The mutation has eliminated the 
ethylene production that is part of the ripening syndrome 
but has left the maturing rruit sensitive to ethylene, In 
this respect. the SIOIIV hard mutation differs from the 
tomato 'ripl'nrng l11utants'. This mutation otTers the 
opportunity (lr distinguishing events that are maturity
related from those that arc ethylene-regulated. In 
peaches - and other tcmperate stone fruit - sugar 
accumulation continucs thruugh the ripening stage so 
that tree-ripclled fruit have higher t,)tal soluble solids 
readings than fruit harvested before full ripeness at 
commercial maturity, The delayed ripening apparent in 
ethylene-sheltered stony hard fruit will allow the limits 
tll sugar accumulation in these lines to be explored. 
There IS also the opportunity to examine cell wall and 
pigment changes that are, or are not, dependent on a 
response to ethylene, 

Mutants arc available in some tropical fruits, as in 
papaya (Zhang and Paull 1990) and, intelligently used in 
conjunction with the other biochemical methodologies, 
these will help to unravel biochemical control points in 
ripening. 

Molecular Biology 

The advent of molecular biology has given studies of 
fruit ripening a C()nsiderable momentum, Molecular 
biology, in combination with molccular genetics, has 
given researchers, for the first time, the potential to 
study the impact of the expression of a single gene on a 
complex reaction, and biochemical theories can be 
tested with relative precision (Fischer and Bennett 
19(1). While the experiments are undoubtedly very 
expensive in comparison to those using the earlier 
methodologies, they may lead to unambiguous answers 
and to commercially valuable products. 

In their first usc, the molecular tecl111iques established 
that fruit ripcning involved the expression of a set or 
'ripening spccil'ic' ()f 'ripening related' genes, and in 
tomato the l'.\prcssion or sOllle 01' these could be pro
voked by adding ethylene to a competent tissue. The 
second important contribution of the technique was the 
definition of the pmducts or the genes that were acti
vated through ripening Crable 3). From the accumulat
ing knowledge in this field the conservation of sequence 
between species is being defined (Table 4), and each 



addition of knowledgc Oil any spcl'ies will aid thc study 
of those species not )l't c\aluated, The third area in 
which molecular bi()I()g) will make a contribution. and 
here the main game i.., yct to be plaYl'lL is in the defini
tion or the sequences that control gcne action and the 
factors tn which the control sequences directly respond, 
'Illcre is not yet sufficient knowledge to judge the cross 
species usefulness of the control sequences. but heat and 
light sensitive regulatory sequences have been shown to 
opl'fate in alternative hosts. 

Heterologous probes -- sequences for an enzyme ill 
"lIle species used to evaluate the presence for a template 
It)r a similar enzyme ill a second specks - will be a 
useful but not sufficient tool to pursue the situation in 
plants not yet studied in allY lktail. It is pOll!' usc of the 
technology to limit studies of gl'Ill' l'xpression to exper
iments that involve the usc of hetcroiogulis probcs. On 
the othl'f hand. the information ()Jl l'onscn'l'd sequences 
and usc of polymerase ch:lin reaction tPCR) techniques 
vastly simplifies the rcc<l\LTy of gene sequences, The 
cloning and sequencing of genes lktl'l'\cd by heterolo
gous probes will define the relationship of the detected 
gclle product to the probe and will add to the knowledge 
base, The homology may allow the decision that the 

Tahir 3. Gelll'S activated through ripening 

(lenc product Fruil Reference 

I, Endopolygalacturonase tomato DellaPenna el aL 
tlJX(, 

p,-,al'il Lesll'!', lInpuhlished 
<i\'Pl'a<.in i)llpi(o el al. IlJ93 

2, ACC oxidase tomato Smilh l't al. 1986 
apple Ross l't al. 1992 
;\\'(Kadn t-.kGarvcy el al. 

IlJ90 
peach Callahan el al. 

1992 

.', ACC synthase lomato van der Siraelen el 
al. 1990 

apple Dong ct al. 199 I 
zucchini Salo and 

Theologis 1989 

4, 11-IA-Glllcanase avocado Christoffersen et al. 
1984 

5, Cytochrome P450 oxidasl' avocado Ho/ak l'l al. 1990 

6 Phytoene synthase tOlllall) Ray ct al. 1992 

7. Proteinase inhihitor tomato ivlarg(),-;,-;ian et a1. 
I'!XX 

8, Alcohol dehydrogena,,' tomato van un Stractcn et 
aLl 99 I 
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gene product has the same function as the product of the 
gene used as a probe, but this will not invariably be the 
case. Sometimes, perhaps ol"tl'n, it will be prudent to 
have the new gene expressed and cstablish the function 
of its product. 

One reason for caution is that the sequences that are 
known to be conserved between families of gcnes may 
be for regions of the sequence that arc involved in the 
active centre or substrate-recognition parts or the protein 
gcne product. Thus. all or many enzymes that act on or 
interact with 13-1 ,4-glucan chains may have common or 
related sequences; however, they may not all carry out 
the same react inn or havc identical substrate affinities: 
sOllle may act on mixed 1 .. \-1.4 sCljUl't1ccs. some on cel
luloses, somc on non-ccllulose glucans, and some 
exclusively llfl ,xylnglucans (Maclachlan and Brady 
1992). Similarly, it cannot be assullled that all sequences 
showing sOllle hOlllology to the ACC oxidase sequence 
have ACC as substrate and arc involved in ethylene 
synthesis, After all. the well-known prom 13 gene prod
uct was identified by analogy t,) an()ther dioxygenase 
(Hamilton et al. 1991). a recognition that has greatl) 
clarified the role of the enzyme in ripening fruit (Ver
vcridisandlohn 1991), 

Just as heterologous gene probes arc useful in pursu
ing gene usc in other fruits. immunorecognition is useful 
in protein studies. Antibodies that recognise particular 
proteins in one species may well detect a closely related 
protein in another species, Such usc of comparative bio
chemistry is vcry profitable. especially if it offers an 
affinity purification system, Again there is need for 
caution. not acccpting that a positive detection on a 
western blot is anything lllmc that the presence of a 
related sequence, When thc protein is known or sus
pected of being a glycoprolL'in, thl'rl~ is an additional 
reason for caution for some glycan scquences are quite 
common and powlTfully antigenic (Lauriere et al. 
1989), 

The limits to the conclusions that can be drawn from 
enzyme activity measurement were noted in an earlier 
section, It docs not follow from this that protein studies 
arc not important to the elucidation of the biochemistry 
of ripening and senescence. Activity measurements 
seldom distinguish isozymes. but when isozymcs arc 
distinguished a pattern of potential activity that may be 
important to the differentiation (ripening) sequence may 
well emerge, Protein studies arc incvitable in defining 
the potential emymc action of the protein encoded by a 
gene detected with a hetcrologous probe, Finally. the 
amino acid sequence of a puril'ied protein may be the 
information that is necessary to allow the generation of 
gene probes, or tl) confirm that an isolated eDNA has the 
sequence of an cnzyme that is present in the tissue. As 
knowledge increases, it will bccome evident that genes 
arc often prescnt in gene families and that there is not 
always a simple relationship between the relative con-



Table 4. Scqucncl' t'()l1servation in Cl1ti<)polygaiacturonasc genes. 

AVOCADOa 

.. WW(83) IGTGDDClS (13) TCGPGHGISIGSLG (22) NGLRIKTW .. 

TOMATOb 

.. WW(83) IGTGDDCIS (13) TCGPGIIGISIGSLG (22) NGVRIKTW .. 

PEACH" 
.. WW(H.') IGTGDDCIS ( 13) TCGPGHGISIGSLG (22) NCiVRIKTW .. 

()[~N()TH£RAd 
.. AW(82) IKTGDDCIS ( 13) TCCil'GllGISVGSLG (22) NGVRIKTW .. 

COCHLIOBOLUS CARBONUM" 
.. WW(83) IKN()DDCVA ( 13) QCSGGHGVSIGSVG (21 ) NGYRIKTI.. 

PS£UDOMONAS S()IANACEARUM 1 

.. WW(III) INTCiDDIIYA (16) HFYYGHGLSIGSET (22) NGLRIKSD .. 

£RWINIA CAROTOI'ORAg 
.. WW(82) IATGDDN\ .\ (I X) DFGTGHGMSIGSET ( 17) NGLRIKSD .. 
.. WW(83) IATGDDNVA \ 18) DFGTGHGMSIGSET ( 17) i\GLRIKSD .. 
.. WW(83) ISTGDDNYA ( 18) EFeiTGHGMSIGSET ( 17) NGLRIKSU .. 

Note: NumOCfS in parenthesis are the residues separating (onsl2fvcd \l'qllcnccs . 

• 1 Dorico ct al. 1993: b Sheehy et al. 1987: (Lee et al. 1990: d Brown and (much 19')0: c' Scott-Craig et al. 1990: f Huang and Schell 1990: 
g Sa"fl1ahli ct "I. 1990, Hintonct al. 1990, 

centrations of the transcript copy number and the accu
mul,Hed product of the transcript. That is, if there is a 
gene family involved. and a cDNA is rccovered from a 
library made from the RN A from ripcning fruit, it cannot 
be assumed that this eDNA bears the sequence for the 
most prominent protein product of the gene family. It is 
prudent to isolate and sequence the protein. 

Studies of softening in tllIllato fruit have been useful 
in defining the relative value of enzyme/protein/gene 
studies. Hobson demonstrated in the 1960s that there 
was some apparent relationship between changes in fruit 
pectin, the presence of endopolygalacturonase activity. 
and the process of softening in tomato fruit (Hobson 
19(4). In the next twenty years, the correlation between 
the presence and apparent action of this enzyme and the 
progression of softening was reexamined a number of 
times (Huber 1983a) without serious challenge to the 
proposition that softening was a function of pOlygalac
turonase action. Other important information accumu
lated in this interval. Isozymes of the enzyme were 
described (Ali and Brady 1982). amI the distinctive 
chemical features of the three isoforms established. 
Eventually this knowledge allowed the gene for the 
active subunit to be recognised <lnlllllg those genes that 
increase in ripening wild type tomatoes Crable 3, Grier
son et al. 1986; DellaPenna ct al. 19K6; Sheehy et al. 
1987) but not in ethylene-treated non-ripening mutant 
lines (Knapp et al. 1989). There foilowed the recovery 
and chemical description of a second subunit present in 
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one isoform (Pogson et al. 1991) and the sequence of its 
gene (Zheng et al. 1992). 

Molecular Genetics 

There arc two aspects to lllolecLtlar genetics that will be 
treated. There is the capacity to generate transgenic 
plants that may be single gClle Illutants or have multiple 
copies of a single engineered gene, and the capacity to 
recognise genomic difTerelll'Cs that arc important to the 
control of ripening and/or senescence. 

Retuming to the case study of the softening tomato. 
we can recognise these key events: 
I. the development of the hypothesis that softening is a 

function of endopolygalaeturonase action; 
2. the isolation and sequencing of the endopolygalactu

ronase protein and then its gene; and 
3. the recognition that the endopolygalacturonase gene 

is expressed through ripening. 
These add up to an hypothesis that softening in tomato 
fruit depends on the transcription of the endopolygalac
turonase gene during ripening. 

Moiecular genetics provided the llpportunity to lest 
the hypothesis hy repressing the effects of gene tran
scription using antisense technology (Smith et al. 198K; 
Sheehy et al. 1988) or by C\pressing the gene in a non
ripening mutant (Giovanlloni et al. 1989). The usc of 
molecular genetics led to the rejection of the hypothesis 
that softening depended only on the expression of the 



endopolygalaclUron<lSe gene Of even only on the pres
ence of the potentially active endopolygalacturonase 
protein. It also led to a realisation that endopolygalactu
fllnase action limited shelf-life and favoured disease in 
ripened tomato fruit. The experiments taught us a good 
deal about the ripening process because the technique 
allowed one genetic variable to be isolated. 

The role of ethylene in fruit ripening is well recog
nised. It is not surprising then that a reduction of ethy
lene production by antisense technology aimed at the 
ACe synthase or ACC oxidase genes (Hamilton et al. 
1990; Ocller et al. 1991). or by the removal of ACC fol
lowing the express inn of the bacterial ACC deaminase 
gene (Klee et al. 199 I) delays fruit ripening and gives an 
extended shelf life, When ACC synthase gene expres
sion is strongly repressed by multiple copies of the 
reverse orientation (ant isense) gene. fru it do not ripen 
unless ethylene is added. 

'Ill ere is no more important topic for those who would 
store and ship tropical fruit than chilling sensitivity. The 
temperature responses of plants arc in part a function of 
the acyl groups attached to the membrane lipids. When 
the level of unsaturation of the fatty acids is changed the 
ll'mperature responses of the cells change (Wada et al. 
J9')0). Murata and his colleagues have taken the gene 
I'm gJycer<)1-3-phosphate acyl transferase from squash 
and fwm Ambidapsis and placed it, under a constitutive 
pmmoter, in tohacco (Murata et al. 1992). TIle acyl 
transferase enzyme from Ambidopsis forms phosphat i
dyl glycerol prodlll't with more unsaturated fatty acids 
than docs that fwm squash. The transgenic tobacco 
expressing the Aruhidofisis gene was Jllore chilling tol
erant, and the tohal'Co with the squash gene less chilling 
tolerant than control plants. Thus a start has been made 
in controlling the chilling tolerance of plants. 

In the three examples quoted, constitutive promoters 
have been attached to the introduced sense or antisense 
genes. TIlat is, there has been no deliberate attempt to 
cnnfine the expression of the introduced gene to some 
tissues or sUllle period. If chilling sensitivity is to be 
usefully manipulated in tropical crops, then tissues and 
perhaps time will need to be targeted. A change in 
membrane lipids through the whole plant will almost 
certainly modify the growth performance of the plant 
and profoundly influence crop yield. There will be little 
henefit in overcoming fruit chilling sensitivity if the fruit 
is on an 'arctic mango'. Tissue-specifIc promoters arc 
therefore a critical l'lement in using moiccular genetics 
for crop improvement. 

These examples silow the powcr of molecular genet
ics in investigating thc fruit-ripening proCl·SS. In each 
case there was available evidence from natural mutants 
or between species that pointed to th,' conclusions that 
arose from the moi<:l'ular experiments,ln tomato, there 
were the dg Tllutants that had lots of endopolygalacturo
nase but did not soften. In peaches there was the .Irony 
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hard mutant that produced no ethylene and did not ripen 
until exposed to exogenous ethylene. The molecular 
experiments were superior because we knew what the 
gene differences were. 

This brings us to the second aspect of molecular 
genetics, the usc of molecular probes to define genotype 
differences. We stated earlier that the real value in the 
usc of transgenic plants was that we knew how they dif
fered from the standard genotype. If we could define 
how natural mutants were different, there would be the 
same advantage. For example if we knew where the 
pathway or ethylene synthesis was blocked in the .lIon), 

hard peach mutant we would have lIIore confidence in 
its usc when examining precise hypotheses of ripening 
control. There are now available the probes that permit 
an examination of natural mutants to sec if there are 
mutations in the structural gencs that arc expected to 
participate in particular pathways. This is a limited 
approach because mutations Illay be in non-coding reg
ulatory parts of genes. and tllL're arc oltcn lIlultiple genes 
coding for each protein species. 

In peach fruit the difference between lIlelting and 
nonmelting texture appears to the plant hreeders to lic in 
a single gene (Sherman et al. 1990). To biochemists. 
there is a difference between melting Ilesh and non
melting Ilesh lines - but also between freestonc and 
clingstone lines - in that melting flesh, frcestone fl'uit 
can he shown to have the endopolygalacturonase 
enzyme and nonmeiting, clingstone fruit do not (Pressl') 
and Avants 197~). In terms of other cell wall catabolis
ing enzymes ~- cellulase. pectin IIll'thylesterase, exo
polygalacturonase - the two groups are not distin
guished. From this thl're arises the hypothesis that the 
single gene dillerence between thl' two groups is in the 
endopolygalacturonase gene. but in view of experience 
with tomato fruit the hypothesis cannot be accepted 
without further l·vidcncc. There is more than one endo
pnlygalacturonase gene in peach so the gene expressed 
in the melting flesh fruit needs to be identified and a 
means of distinguishing the genes establ ished. The 
hypothesis can then be evaluated in terms of analysis of 
the DNA sequences released by endonucleases that 
contain the relevant gene or parts of it. There is a rea
sonable chance that such an examination will reveal any 
significant change in gene structure between the mclting 
and nonmeiting lines. 

While it may s()mctillles be possiblc to map mutations 
in detail and occasionally tll rind a mutation in a known 
structural gl'nc or its adpcent prnlll<lter sequence, there 
will be cases when thl' gene C:lu,in.l! a phenotype change 
cannot be ddineLi, Sinn'. in \\lally or most cases we have 
no complete understanding of the biochemistry of the 
processes involved in ripening m senescence, these 
mutations or gene arrangellll'nts can be a source of Ilew 
knowledge. Gene probes that mark the phenotype ma) 
he derived using randomly amplified or specifically 



chosen gene scquences (Tanksley et al. 19~9; Williams 
ct al. 1990). These will not immediately lead to the reg
ulatory genes controlling phenotype, but thcy will be 
useful to plant breedcrs and in defining the complexity 
or the genetic controls involvcd. With improving tech
niques for chromosome walking, new controls and new 
information on the regulation of ripening will be 
revealed. 

Towards Long-life Tropical Products 

There arc some staightfmward matters 01' good practice 
that need to be folhl\\'Cl1 to ll1aximise thc shelf lifc of 
horticultural products. Harvcst befme the product is 
fully ripe, keep at a low temperature while avoiding 
chilling damage, and avoid ethylene exposures, mois
ture loss, and surface damage. Beyond thesc matters of 
gencral good practice. specific product knowlcdgc that 
includcs some understanding of the ripening and sencs
cence proccsses can help to definc handling conditions 
that will aid the delivcry to consumers of quality prod
uct. 

What approaches will most efficicntly describc 
ripening in a new cultivar or a product not previously 
studied') The first approaches should be to describe gas 
exchange (C02, 02' C2H4 ) and major chemical shifts, 
and the inlluence of storage tcmpcraturc and atmosphere 
on these. There is no basis for assuming that cu ltivars 
within a spccies will be identical in these matters and thc 
variances betwcen cultivars are valuable information. 

Furthcr advances in the devclopment of products and 
handling systems that will aid trade development will 
dcpcnd on idcntifying and using key control clements 
within thc plant. It is here that a better understanding of 
the biochemistry and molecular biology of the products 
will be useful. There arc lllany areas of ignorance but the 
extent and conscquences of mcmbrane changcs, and the 
control points for respiration are matters of critical 
importance. They both rellect a generally poor appreci
ation of thc dynamic naturc of plant cclls and thc diffi
culty of probing individual compartments and the !luxes 
between them. The usc of non-destructive physical 
probes on well-defined natural or cngineered Tllutants 
will be important approaches. 

Regular breeding and selection, assisted by molccular 
probes for dcsired phcnotypes, will generatc lines bettcr 
suited to modem commerce. Genetic engineering can be 
expected to contribute in terms of regulating ethylene 
production, softening. colour. and perhaps tlavour. 
There is scope too I'm using the natural flexibility of thc 
plant, dcveloping handling regimcs that allow tissucs to 
adapt to the tempcratures and or atmosphcres that arc 
most useful. Molecular probes will aid the' selection of 
the most efficicnt conditioning treatments. Finally, thcre 
is the promise of bigger advances modifying tcmpera
turc responses or basic respiration in morc dramatic 

ways. These changes will flllio\\ and bc dependent on 
the use of tissue and/or deveillpment timc genc promot
crs. Plant tissues are remarkably t1cxiblc in their metab
olism. The inbuilt I1cxibility probably rcllccts a need to 
rcspond to a variable environment light/dark. tClll
pcrature. tlood/drought, invasion, wind, and so on. We 
can usc the tlexibility to givc maximum storage, as when 
a heat stress is applied prior to cold storage (Lurie and 
Klein 1991). It follows from this that when the need for 
metabolic llexibility is removed, as when harvested 
tissue is placed in an unchanging environment and shel
tered from disease stre';s. the tissues can tolerate a 
reduction in their metabolic rates. This is achieved most 
dircctly by reducing rcspiral ion rale. A product, down
regulated in respiration rate in the harvested tissue. wili 
havc supcrior postharvest handling characteristics at 

low, non-chill tempcraturcs. 
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Calcium and Fruit Storage Potential 

Christophl'f M.e. Yucn* 

Abstract 

Calcium is an essential rlant nutril'nt that rrofoundly inlluences thl' rhysiology of rlants and rlant rroducts 

during growth and developillent. I\UI11CfOUS senescence and physiological disonkrs in horticultural cmrs arc 

rdated to calciulll deliciency. Considerahle research dfort has heen invested to harness the henelicial rlTeets of 

calciul11 for ljuality maintenance and shelf life exten>lOIl of fruit and vegetahle-s. Howevcr. exccpt t(ll' apples. n,' 

satisfactory commercially-applicable Illl·thods of posthanes! caicluill treatment of fruit and vegetahles arc cur

rently availahle. Sy,tcmatic' study of the effect of calciuI11 and calciulll application tcchniques is requirl'd to 
devcloptrcatl1lcnt ml'1ho(b with cOllln1Crcial potential. 

CALCllJM (Ca) (A.Wt. 40.0X) is a naturally-occurring 
alkaline-earth metal commonly found in plant and 
animal tissues. The basic structural and regulatory roles 
ofCa in animals arc well documented. ea is essential in 
animals for the normal formation oj' bones and teeth. 
contraction of muscles. clotting of blo(ld. and norillal 
functioning of nerves. Adequate dietary CI is ((lIlsiti
ered by the medical profession to be indispensable in the 
prevention of osteoporosis. high blood pressure. ami 
colon (ancer. 

On the other hand. evt'n though many senescence and 
physiological disorders of horticultural crops prior to 
harvest have long been known to be related to Ca defi .. 
eiency. and the various roles of Ca at the cellular and 
applied level have been studied extensively in recent 
years, relatively little is known about the primary func
tions. and the basic mechanisms by which Ca innuences 
the integrity of horticultural plants and plant products. 
Available knowledge tends to suggest that Ca iuns arc 
important intercellular messengers in plants. and that Ca 
is intimately involved in many vital physiological plant 
processes involving cell walls. cell membranes. chm
mosoml's. and cn/yme activation (jones and Lunt 1967: 
Sharples and Johnson 1977). A number of researchers 
have postulated that Ca exerts its inlluence on senes
cence and ripening through its action in modifying ccll 
membrane and cell wall integrity, structures, and fUllc
tiolls (Rousseau et al. 1972: van Goor 1973; Cooper amI 
Bangerth 1976; Paliyath et al. 19X4). The fundamental 
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actions of Ca in plants and plant products has been 
reviewed by Ferguson (I ()R4). 

What is better known howcver. is that many horticul
tural crops arc highly prone to the dcvelupment of 
physiological disorders, and that Ca plays a key role in 
their development. Over thirty physiological and aecel
nated senescence disorders which develop in various 
h(lrticulttlral commodities before harvest arc reported to 
be related to the dcficien(y of tissue Ca, and enhancing 
the Ca content has been known to reduce the occurrence 
or the respective disorders (Shear 1975; Wills et al. 
1976; Simon 197X; Bangerth 1979; Bramlage et al. 
19R5: Perring 19X5). 

Further to its influence on physiological disorder 
development. there is increasing evidencc to suggest 
that Ca also plays a vital role after harvest. Numerous 
investigators have demonstrated that the postharvest 
quality and shelf life of fruit. vegetables, flowers. and 
leaves arc closely related to the Ca status in their 
respective tissues (Tingwah and Young 1974; Shear 
1975: Bangerth 1979; Hopfinger and Poovaiah 1979; 
Artcca et al. 19XO; Collier and Tibbitts 19X2; Huber 
19X3: Ferguson 19X4; Goszczynska et al. I 9~9; Pcar
son-Mirns and Lohr 19(0). Ca applicd to various com
Illoditics after harvest was found to be ellective in 
delaying their general senescence Ihmugh reducing their 
basic metabolic activities such as respiration and ethy
Ienc production (Bangerth et al. 1972: Faust and Shear 
1972: Bramlage. et al. 1974: Ferguson 19X4; Eaks 19X5: 
Davenport and Peryea 19X9), inhibiting specific ripen
ing changes such as solkninlC and chlorophyll dClCrada
tion (Bangerth et al. 1972: Po()vaiah amI Leopold 1973; 
Tingwah ami Young 1974: Br<lmlalCc et al. 1974; 



Suwwan and Po()vaiah I 'nK; Po()vaiah I 'n9; Wills and 
Tirmazi 19K2; Buescher and Hobson 19X2), retarding 
physiological disorder development (Jackson 1962; 
Fidler et al. 1973; Lamiani-Magnani et al. 19K3; Perring 
and Pearson 19X7; Ferguson and Watkins 19K9; Hewett 
and Watkins 1991), and increasing resistance to both 
chilling injury (Perring 1968; Chaplin and Scott 1980; 
:\1oline 1980) and invasion by decay microorganisms 
(Sams and Conway 1984). 

Unfortunately, despite considerable research elT0I1s 
ovcr a number of years by many investigators, commer
cially viable techniques for the postharvest application 
of Ca to control the storage life of frcsh horticultural 
crops other than apples hay e so far proven to be elusive. 
Some of the potential benefits and risks associated with 
postharvest Ca treatments were discussed by Bramlage 
and Weis (1986). The purpose of this review is to pro
vide the reader with a clearer picture of the present state 
of knowledge of postharvest research of Ca on fruit and 
vegetables. Attempts will be made to draw attention to 
the major difficulties hindering the realisation of Ca as 
a commercially applicable postharvest antiscnescence 
treatment. 

History ofthe Use of Calcium on 
Horticultural Crops 

Much of the early research on the role of Ca in modify
ing the behaviour of horticultural commodities was 
focused on the relationship between tissue Ca content 
and the oecurrenCL' of physiological disorders in tem
perate fruits (De Long 1936). The most intensively 
researched and documented studies were carried out on 
bitter pit, a physiological disorder of apples which can 
occur to the fruit before :lml/or ancr harVl'st. The inci
dence of bitter pit disorder in apples was found to be 
closely related to low tissue Ca levels. The incidence of 
the disorder can be minimised by raising the Ca con
centration in the fruit. Various studies in the late 1950s 
and early 1960s have shown that Ca, applied as sprays 
before harvest, was effective in reducing the disorder. 
However, the results obtained were highly variable 
(Gamlan and Mathis 1956; Baxter 1960; Martin ct al. 
1960). It was not until the 1970s, with the advancement 
of postharvest Ca application techniques, such as dip
ping and positive ur negative pressure infiltration, that 
complete control uf bitter pit in apples was achieved 
(Jackson 1962; Shear 1975; Bangcrth 1979; Ferguson 
and Reid 1979; Mason 1979; Scott and Wills 1979). 
Although the physiological reaSllns for the disorder arc 
still not fully underSil)Oll. the work of Scott and Wills in 
particular. was instrulllental in the cOllllllercial adoption 
of Ca as a postharvest treatment of apples to control 
bitter pit in Australia and ;.Jew Zealand. 

In the course of seeking a solution to the bitter pit 
dilemma, it became obvious that Ca also has an impact 
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on the develop; ent of other physiological disorders in 
apples ami pe;lrs. While it cannot provide complete 
control, Ca was Lmnd to reduce physiological disorders 
such as internal breakdown (Bangerth et al. 1972; Blank 
1974; Porritt et al. 1975; Sharples 1976; Lidster et al. 
19n; Meheriuk and Moyls 1989), senescence break
down (Fidler et al. 1973; Sharples and Johnson 1976; 
Hardenburg and ·\nderson 1979; Johnson 19X(); Betts 
and Bramlage 1971), low temperature brcakdown (Scott 
and Wills 1975), water-core (Amezquita-Garcia 1973; 
Hardenburg and Anderson 1979), cork spot (Faust and 
Shear 196X) and. to a lesser extent. scald (Porritt et al. 
1975) of apples during storage. However, greater 
research effort is needed to evaluate whether the appli
cation of Ca to control these disorders is technically and 
economically possible. 

'Ibe successful appliotion elf Ca as a postharvest 
treatment to control bitter pit in apples, coupled with 
mounting evidence that postharvest application of Ca 
also has an arresting effect on the loss of quality and 
senescence of a range of fruit and vegetables other than 
apples, provided the impetus for further study into the 
usc of the compound in subsequent years. 

Development ofCa Application 
Techniques 

Preharvcst 

Regular application of Ca to plants, including apple 
trees, via the soil has long becn a cmnmercial practice. 
Unfortunately, though Ca i.s P:ll' of the most abundant 
elements in the soil, very little of what is available enters 
apple roots owing to poor absorption. To compound the 
problem, once Ca enters the ruots. it moves very slowly 
through the tree duc to the rcl:Itil'l.' immobility of Ca in 
the phloem and in non-vascular tissues (Bangerth 1979). 
It can take up to 3-4 years for Ca to move from the roots 
to an apple on a mature tree. Moreover. Ca distribution 
within the tree is often uneven, resulting in individual 
fruit on the same tree having different ea levels, and 
therefore different respiration rates at harvest and henee 
onset of climacteric. Even within the same fruit. Ca dis
tribution is not uniform. Chaplin and Scott (19XO) 
observed that chilling injury in avocados was more seri
ous at the distal end of the fruit where there is less Ca 
than the pr\)ximal end. 

To improve Ca uptake I-mm the soil and movement in 
the tree. various cultural techniques such as maintenance 
of soil moisture, prudent fertilisation, avoidance of 
over-pruning. maintenance of uniform cropping to con
trol vegetative growth, and avoidance of excessive fruit 
size (Bramlage .19K9) were pro\Tn to be helpful but 
inadequate in eliminating bitter pit and associated dis
orders. Subsequently, field spraying of Ca salts directly 
onto the fruit as a means of improving Ca uptake was 



adoptcd from thc I ')50s. I!owcvcr. while multiple ficld 
spraying was found to improve Ca uptakc by the fruit. 
cxccssivc applications and high Ca spray conccntrations 
werc found to bc injurious to the foliage. Furthermore, 
thc practice of field spraying of Ca was expensivc and 
time-consuming. and did not guarantee fruit free from 
bitter pit. Thc disorder remained a scrious problcm in 
many important apple cultivars in a number of countrics 
including Australia, Ncw Zealand, and the USA for a 
number of years until the development of postharvcst Cn 
application tcchniques in thc carly 1970s. 

Postharvest 

Treatment tcchniques which havc bcen investigated 
for thc postharvcst application ()f ea arc: 
• dipping fruit in Ca salt solutions under ambicnt prcs

sure; 
• dipping fruit in Ca salt solutions L1lldcr vacuum; and 
• dipping fruit in ea salt solutions ullder positive air or 

hydrostatic pressurc. 
An/bim! dipping. Rescarch on thc immersion of fruit 

in Ca solution undcr ambient prcssurc to facilitatc Ca 
uptake was first conductcd on apples. Scott and Wills 
(1979) tcsted a number of Ca compounds on apples and 
found calcium chloride (CaCI 2 ) to bc the most cffcctive. 
and caused the least injury on thc fruit. Ca compounds 
such as Ca lactate, Ca hydroxide, Ca carbonate, supcr
phosphate, Ca gluconate. and Ca hydrogen phosphate 
were considered eithcr not effective. or less efTective 
than CaCI 2. The phytotoxic efrect of Cn on apples was 
found to vary widely fmlll cultivar to cuitivar. Jonathan 
was found to be p~lnicularly prone Il) Ca injury while 
Granny Smith was relative resistant (Scott and Wills 
1979). Lau et al. ( I <)~n) found that Ca injury on Golden 
Delicious apples can be reduced by r'lpid controlled 
atmosphere (CA). 

The technique of dipping apples in CaCl2 solutions at 
ambient prcssure was relatively inexpensive to sct up, 
easily incorporated into existing packing and gradlllg 
systems, and often gave good control of bitter pit, pro
vided the fruit werc not rinsed after dipping. However, 
postharvest dips in solutions of Ca at ambient pressure 
often yielded variable results, and caused skin injuries to 
the fruit because surface Ca has to be left on the fruit 
surface for considerablc time to facilitatc adequate Ca 
uptake (Scott and Wills 1<)7<). Earlier studies by Reid 
and Padfield (197:;) ami Sharples and Johnson (1976) 
found that the cOI1<.'entratillll of ea required to give 
worthwhile control ()f bitter pit in apples invariably 
resulted in fruit injury, The pnlblem of slow Ca absorp
tion. poor fruit coverage, ami skill iniury was eventually 
resolved with thc introducti()n 01 prL'SSUrl' and vacuum 
infiltration techniques ,lr the usc oi skIn cO'ltings in the 
form of sUli'actants and/or food thickeners in the Ca 
dipping solution. 
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Since skin is the majm barricr to absorption and Ca 
penctrates apples primarily tilf()ugh lenticcls and other 
small discontinuities, the amount of Ca taken up, and 
hence bitter-pit control, varies with the number ami 
nature of thc penetration sites in thc skin. Uniform cov
erage of fruit surface is therefore important for uniform 
and enhanced Ca uptakc. A number of researchers have 
shown that mixing surfactants such as Agral or detergent 
(Scott ct al. 1985; Rowe 1987), L-77 (Lec 1980), or 
Tweell 20 (Choi and Lee 1989) into Ca dipping solu
tiolls increased thc number of penetration sites covered 
on the fruit and thcrefore effected a more rapid initial 
uptake. However. Mason ( 1979) also revealed that while 
the usc of surfactants gave an imprmed coverage of the 
dip solution Oil the fruit. the suriactants reduced the 
amount ofCa aV':lilable at any given site of entry, result
ing in less than hal f of that obtai ned without the surfae
tants. Subsequently, improved Ca retention and 
sustaincd Ca uptake during storage wcre obtained by the 
inclusion of food thickeners nr emulsificrs such as com 
flour. wheat flour, xanthan gum, guar gum. arrowroot, 
and lecithin (Mason et al. 1974, 1975; Reid and Padfield 
1975; Lidstcr and Porritt 1978; Johnson 197<); Mason 
1979; Hardenburg and Anderson 1981; Mika et al. 198j: 
Choi and Lee 1989; Meheriuk and Moyls 1(89). Wie
neke (I <)80) observed that the localisation 01 native Ca 
and that from the postharvest dip were the same. 

Mika et al. (1983) found that, in addition to improvin~ 
the absorption of Ca into the fruit. thickeners such as 
wheat flour ami corn starch also improved the appear
ance of the fruit by impartillt! a ~Iossy sheen without 
increasing fllll~al diseases. HowCV'er. not all surfacrants 
and thickeners were cllcct;ve in assisting greater Ca 
uptake, or were beneficial to the fruit. Surfactants such 
as Citowctt (Blank I ')7-.fl. allLl f,)od thickeners such as 
peetin and albumin, which bind chemically with Ca, did 
not increase the penctrat iUIl of Ca (Johnson 1979; Mika 
ct ai. 1983 J. Greater Ca uptakc was also found to be 
stimulated by loosening the wax barrier on thc skin by 
dipping warm apples in warm Ca solutions or dippin~ 
warm fruit in cold Ca solutions (Lee 1980; Lce and 
Dewey 1981; Mika et al. 1983), or by storage in moder
ate RH (80-94'k,) (Lidster et al. 1977). 

The usc of CaCl 2 combined with a surfactant is nov\' 
a recoTllmended commercial practice I(lr the control of 
bitter pit in apples in a numbcr of coulltries including 
Australia, :\l'\\ 7ealand. the lI,S.,\ .• and Britain. '[111..' 

use of 3% CaCI, and 0.6(;; Agra! is now a mandatory 
practice in Western Australia for the control of bitter pit 
on Granny Smith. C;,)iciell Delicious, Dclicious. and 
Cleopatra apples illll'll,kd lor I,mg tenn storage or 
export. The practice has proven to be adequate provided 
sufficient surfaL'tant \V' as added to the Ca solution to 
permit rapid absorptioll. and trl'atment COTllmences as 
SOOIl as pOSSible alter harvcst. Ca can also bc mixcd with 
scald inhibitors to provide a single treatment for bitter 



pit and scald, and improve the level of scald control 
(Little et al. 1980). While the addition of food thickeners 
can provide greater Ca rL'tention and total absorption, 
the compounds were not used commercially because of 
additional cost and inconsistency, unsightly sticky 
deposit, increased phytotoxic effect of Ca on the !enti
eels (Hardenburg and Anderson 1979), and enhanced 
incidence of core !lush, brown heart, and alcohol for
mation caused by excessive modification of the fruit's 
internal atmosphere (Knee 1976; Johnson 1979). 

Despite the technique's success on apples. ambient 
dipping was found to be ineffective as a postharvest 
treatment for facilitating Ca absorption into most other 
produce (Wills and Yuen, unpublishcd data). Unlike 
applcs which readily absorbcd Ca from Ca solutions 
under ambient pressure. most rmit and vegetables were 
found to be relatively impermeable to penetration by Ca 
under ambient conditions. The problem of Ca penetra
tion was eventually solved with the development of the 
positive and negative lf1riltration techniques in the late 
1970s by Scott and Wills. 

Vacuum h(/illralion. Although more expensive to set 
up, vacuum infiltration provided a more rapid influx of 
Ca into produce and resulted in a higher total Ca uptake 
when compared to ambient dipping. The technique 
facilitated a more rapid and greater uptake of Ca into 
fruit and vegetables submerged in Ca solution, firstly by 
drawing out the intercellular gases from produce under 
vacuum, and secondly by replacing it with the solution 
containing Ca upon release or the vacuum. The vacuum 
infiltration technique had a distinct advantage over 
ambient dipping in that the produce could be rinsed of 
surface Ca immediately after treatmcnt to reducc the risk 
of skin injury, and no corrosive Ca dcposit was left on 
packing and grading equipment (Scott and Wills 1977; 
Scott and Wills 1979: Mason 1979; Meheriuk and 
Moyls 1989). 

While vaCUUl1l infiltration with Ca resulted in apples 
that werc grecner, firmer, free of bitter pit, and having 
little skin injury, internal injury was found to be partic
ularly severe on apple cultivars such as Golden Deli
cious, Jonathan, and Twenty Ounce which have an open 
calyx (Scott and Wills 1979). Furthermore, skin injury 
as a result of vacuum infiltration of Ca was still a major 
problel1l for other fruit and vegetables. Unfortunately. at 
the negative pressures and Ca concentrations that were 
necessary to elicit a signiricant delay in ripening, the 
vacuum application process invariably compounded the 
phytotoxic effcct of Ca on Illllst produce, resulting in 
unacceptable levels of skin injury (Yuen, unpublished 
data). It was not clear \\hether the injury to the skin was 
caused by the drawing or a vacuum which might havc 
caused cell damage. or compounded thc phytotoxic 
effects of Ca on the cclls. Ca injury susccptibility was 
found to vary widely with cultivar, sources of fruit, and 
seasonal d i ffcrences. 
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Pressure it(/illralioll. Scott and Wills (1979), Conway 
ancl Sams (19X7). and Yucn et al. (1'J'J3b) demonstrated 
that air or hydrostatic pressure inriltration was also 
highly effective in facilitating Ca uptake into produce 
when compared with other infiltration methods. Unlike 
the vacuum technique, in which intercellular gases of 
tissues were more gently exchanged with the solution 
containing Ca, pressure infiltration forced the Ca solu
tion directly into the fruit tissues, hence resulting in 
greater skin damage. As with the vacuum infiltration 
technique. skin injury remained a significant stumbling 
block in realising the commercial application of this 
technique for most produce except apples. 

Effect of Ca on Individual Commodities 

Fruits 

Pomefruils. The ability of applied Ca to influencc the 
postharvest quality of fruits and \e~etables other than 
physiological disorders was first demonstrated on 
apples. Apples treated with Ca and stored in air were 
found to have increased tissue strength and firmness 
(Scott and Wills 1979; Hardcnburg and Anderson 1979, 
1981; Conway and Sams 1987; Abbott et al. 1989: 
(Jlenn and Poovaiah 1990), and increased decay resis
tance to invasion by pathogens (Conway and Sams 
1987; Conway et al. 1987b). The observation that Ca 
treatment had no additional effect on the firmness 
retention of apples stored under CA. or high CO2 and 
Rapid CA, Icd Lau ct al. (19X3) to postulate that Ca 
delayed ripening in apples by reducing the respiration 
and ethylene production rates. Stow (1989) further sug
gested that applied Ca delayed softening, and hence 
ripening, by rcplacing the loss or Ca at the Ca attach
ment sites causcd by the l1l()VL'f)1Cnt of Ca from the 
middle lamella during softening assllciated with ripen
Ing. 

The effect of Ca on pears has been less extensively 
studied. Available evidence suggests that Ca has a simi
lar, but lesser effect on pears than on apples. The inci
dence of pear physiological disorders such as internal 
breakdown and cork spot, a disorder like bitter pit. were 
known to be significantly retarded by the application of 
Ca (AI-Ani-Am 1978; Zerbini and Sozzi 1980: Vaz and 
Richardson 1985). As with apples. Ca applied after har
vest was also found to inhibit pear respiration and ethy
lene producti(1n (Vaz ami Richardson 1985), firmness 
loss (Richardson and Ai-Ani-Am 1982), and ripening 
(Wills et al. 19r:2). The rate of pear respiration was 
found to be inversely correlated with fruit Ca concen
tration (Richardson and AI-Ani-Am 1982). However, 
despite the absence of serious skin injury (Wills ct al. 
1982) and thc many bcncricial cneets ofCa on pears, the 
technology was not widely adopted due to the lack or 
industry interest. The pear industry did not perceive 



physiological disordcrs to bc a problcm scrious cnough 
to warrant thc commcrcial isation of Ca as a postharvest 
trcatmcnt for pcars. 

Ca applicd cithcr prc- or postharvcst was found to 
havc little effcct on thc incidcncc of bittcr pit in quinccs 
(Holevas and Biris 1(80) 

Stoll(j'ruits. Studics by Yucn (unpublishcd data) sug
gcstcd that postharvcst Ca application could bc a viable 
postharvest trcatmcnt for the shelf life extension of 
plums. Yucn found that Ca applicd undcr vacuum not 
only delaycd thc ripcning of Santa Rosa. Laroda, and 
Blood plums by up to I week at 20°C, but also that, 
unlike other stoncfruits such as pcachcs, ncctarincs, and 
apricots. skin injury symptoms sustained on plums 
tcnded to fadc as the fruit ripened. The cause of injury 
symptom disappearancc was not entirely clear. Yuen 
postulated that, as the fruit ripened, the fruit partially 
repaired its injury sites and that, combined with the 
gradual attainment of red skin colour, this helped to 
reduce the visual injury symptoms. Yuen (unpublished 
data) also showed that Ca injury to the fruit could be fur
ther avoided if the plums were more mature at harvest. 

There appears to be limited potential for Ca as a post
harvest life-extension treatment for peaches. Posthar
vest application of Ca retarded fruit firmness loss and 
increased resistance to decay. but caused severe skin 
injury (Conway et al. 1987a; Wills and Mahendra 1(89). 
On the other hand, whilc peaches treated with pre harvest 
Ca spray had no effect on decay development of the 
harvested fruit when inoculated with Monilinia .trueti
cola (Conway et al. 1987a), the treatment resulted in 
improved postharvest quality and shelf life (Robson 
1(89). 

Postharvest application of Ca was found to have an 
adverse effect on other stonefruits such as nectarines and 
apricots. While postharvest infiltration of Ca did retard 
the firmness loss of both fruits, nectarines developed 
unacceptable skin injury and undesirable flesh redden
ing and woolliness, and apricots sustaincd severe skin 
injury (Yuen, unpublished data). Limited studies with 
cherries also showed that firmness loss (Traversi and 
Massignan 1(87) and cracking caused by water injury 
(Glenn and Po()vaiah 1(89) were reduced by postharvest 
Ca dipping. However, as with many other fruits, the 
benefits obtained as a result of Ca application did not 
economically justify further development of the treat
ment to the commcrcial stage. 

Berries. A few studies demonstrated that Ca applied 
as a preharvest spray (Cheour et al. 1(90). or as a post
harvest dip on whole or sliced fruit (Morris et al. 1980; 
Rosen and Kader 1(89), delayed ripening and gray 
mould development, and firmness loss in strawberries. 
While Ca applied to blackberries prior to harvest had no 
effect on berry firmness, acidity, or colour upon harvest, 
it reduced the rate of ripening of the fruit during storage 
(Morris et al. 1(80). 
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Tropical fruits. Available studies on tropical fruits 
suggest that Ca may have commercial potential as a 
postharvest treatment for the shelf life extension of 
avocados, particularly at ambient temperatures. Hass 
and Fucrtc avocado softening, respiration, and ethylene 
production rates (Tingwah and Young 1974; Wills and 
Tirmazi 1982; Eaks 1985; Wills et al. 1986, 1(87), 
chilling injury susceptibility (Chaplin and Scott 1980), 
and response to applied ethylene (Tingwah and Young 
1(74) werc shown to bc markedly reduced after post
harvest treatment with Ca. Yuen et al. (1993a) showed 
that Hass and Fuerte avocado ripening can be delayed 
by up to 16 days at 20°C with Ca. However, the rnagni 
tude of delay was found to vary widely from study to 
study. 

Wills and Sirivatanapa (1988) attributed the variation 
in ripcning response to applied Ca to differences, causeo 
by varying cultural practices. in the Ca status of the dif
ferent fruit. Yuen et al. (1993a) further suggested that 
the variation in ripening response of the different fruit to 
applied Ca could also be due to the maturity differences 
of the fruit from different growers and districts, the 
extent of response being proportional to the amount of 
Ca taken up to the threshold level. Yuen et al. (1993a) 
also demonstrated that while fruit maturity did not have 
a significant effect on the amount of Ca taken up by the 
fruit when vacuum infiltrated with Ca, postharvest 
application of Ca to Hass or Fuerte avocados harvested 
before prime harvest elicited a greater delay in ripening 
and caused less skin injury than those fruit harvested at 
primc harvest or after prime harvest. Unlike many of the 
fruit treated with Ca, Ca-treated avocados, especially the 
Hass variety, have shown the capacity to ripen to satis
factory eating quality. However, further studies arc 
needed to improve the effectiveness of Ca infiltration 
and increase the reliability of thc treatments to ensure 
consistent quality upon ripening. 

Ca applied pre- (Sive and Resnizky 1(85) and/or 
postharvest (Tirmazi and Wills 1981; Timarzi 1982; 
Wills et al. 1988; Mootoo 1991; Yuen et al. 1993b) 
markedly delayed the ripening of a range of mango 
varieties such as Cengkir, Arumanis, Gedong, Tommy 
Akins, Maya, Julie, Haden, and Kensington Pride, by up 
to 12 days. However, skin injury, uneven tlesh ripening. 
and incomplete degreening of the peel of the treated fruit 
were major problems. Yuen et al. (1993b) modified a 
number of Ca treatment parameters and found the level 
of skin injury can be significantly reduced by varying 
the temperature of the fruit or the Ca solution at appli
cation, or packaging the fruit in polymeric films. John
son et al. (1990) examined the effect of Ca on the 
development of stem-end rot in Kensington Pride man
goes and found Ca had no effect. 

Limited studies found that jackfruit treated with Ca 15 
days prior to harvest had a longer postharvest life and 
reduced rate of weight loss (Gupta and Singh 1(87), 



while postharvest application 01' Ca accelerated banana 
ripening (Wills ct ai. 19X2). 

Vegetables 

Owing to their high susceptibility to the phytotoxic 
eCCects 01' Ca. postharvest treatment with Ca appears to 
have little application for vegetables. However. prehar~ 
vest addition of Ca to irrigation water was found to be 
effective in promoting the quality and shelf life of har~ 
vested Agaricus /JisjJorus mushrooms. mainly by 
retarding the rate of bacterial growth and surface 
browning (Barden el ::tl. I ()90: Bartky et al. 1991; Solo~ 
mon et al. 19(1). Tinn;vi (1<)~2) studied the effect of 
postharvest Ca appl ication on tnrnatoes and found Ca 
prevented the produce fnln1 ripening. 

Extensive screening studies by Will:; and Yuen 
(unpublished data) showed that genetic variance, eultu~ 
ral practices, preharvest climatil' conditions. and harvest 
maturity played key roles in deterlllinlllg the response of 
produce to applied Ca. There is increasing evidcncc to 
suggest that climacteric fruit respond more positively to 
the shelf life extcnsion effects of Ca than n()n~ 

climacteric produce. It is now also generally acccpted 
that CaCI, is the most suitable Ca compound for post ~ 
harvest Ca application, and that a Ca concentration of 
4'k in the snlution gives the greatest dclay in ripening 
and the least skin injury for most produce, irrespective 
of the application technique used. 

The majority of the research in this field seems to 
indicate that the greatest obstacles tn realisation of the 
commercial potential of Ca as a pllstharvest treatment 
arc skin injury, uncven ripcning and dnelopment of 
colour, and rot devclopment. all of which reduce pro~ 
duce sensory quality and consumer acceptability. 

Ca and Resistance to Pathogens 

Fruit and vegetables with enhanced levels of Ca due to 
pre~ or postharvest treatmcnt with Ca were found to have 
a greater resistance to the development of deeay. Ca~ 
treated apples and pears were more resistant to infection 
by Penicillium npar/.I'um (Conway and Sams I,)X4. 
19X5. 19X7; C()J1\\ay et al. 1987b, 1988, 1991) and Phi~ 
alopliorcJ malorulII (Sugar et al. 1991), respectively, 
while Monilinia fruclicola growth was suppressed in 
peaches treated with Ca (Conway et a!. 19X7a). The 
severity of Erll'inia sort rot in potatoes was also found to 
be lowered when the Ca C(lIltent of the tuber was 
enhanced (McGuire and Kelman 19X4). The mechanism 
by which Ca enhances tissLle resistance to pathogen 
invasion is not clear. Cunway and Sams (1984) pro~ 
poscd that the Ca crl'cct on decay could be due to the 
fomlation of cell wall components resistant tn degrada~ 
tion by pathogens. A number of researchns substan~ 
tiated Conway and co~workers' obscrvations on fruit by 
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producing mushroollls (Barden et a1. 1990; Solomon et 
al. 1(91) and strawberrics (Chcour et al. 1(90) which 
were less prone to miLTobial decay. McLaughlin et al. 
( 19(0) further showed that the presence of Ca enhanced 
the biological control efficiency of yeasts such as the 
Candida sp. on pathogens such as Penicillium (,'!lar/sum 
and Rolf'vlis cinerea in fruit. 

Ca and Chilling Injury 

The Ca status of fruit and vegetables has long been 
implicated as a major factor inlluencing their suscepti~ 
bility to chilling injury (CI). Produce containing rela~ 
tively high concentrations (If Ca arc known to be less 
sensitivc to CI than those with lu\\, Ca. This is not sur~ 
prising given that Ca is kn()wn to play an important role 
in thc ordering (li' spccific membrane phospholipids 
(Haverstick and Glasser I ()X7) and in the hardening of 
plants exposed to reduced temperatures (Ramesha and 
Thompson 19X4). Early indicatioJl that Ca affects CI in 
fruit and vegetables was observed by Perring (196X), 
Bangerth et al. (1972) and Scott and Wills (1975) who 
showed that apples treated with Ca had a lower inci~ 
denee of low temperature breakdown. This observation 
was strengthened by latcr studies by Chaplin and Scott 
( I <)XO) who dcmonstrated that avocados treated with Ca 
had an increased resistance to CI. CI in vegetahles such 
as okra was also found to be abated to some extent by 
treatment with Ca (Ilker and Morris, 1975). '111e results 
obtained supported the hypothesis of Simon (1978) that 
symptoms of CI occur in Ca~deficient tissues bccause 
they cannot withstand the elevated turgor pressure from 
increased osmot ic uptake of water so cells rupture caus~ 
ing necrotic lesions (LynJls and Breidenbach 1987). 
However. the ellect of Ca on CI is not conclusive. A 
number of studies have shown that Ca dipping could 
result in inereascd CI in papaya fruit (Kader and Morris 
1975; Chen and Paull I ()X6) and failed to ameliorate CI 
symptoms in tomato (Moline 1980). 

Conclusion 

Available evidence thus far appears to suggest that Ca 
has a significant potential as a postharvest treatment for 
the quality maintenance and shelf-life extension of a 
number of horticultural commodities other than apples. 
Greater screening of fruit and vegetables, particularly 
those of tropical origin which havc not been extensively 
studied, may Ullcov'Cr a range of produce which possess 
a favourable response to the shelf Iile extending effects 
of applied Ca. 

It is conceivable that major obstacles such as skin 
injury, uneven ripcning and dcvelopment of colour. and 
cnhanced rot development l'an be reduced to a commer~ 
cially acceptable level with improvcment in the Ca 
application techniques and a better understanding of the 



diversity of interdependent factors which affect Ca 
uptake and fruit response. ;\ greater insight into the fol
lowing factors is crucial to devising Ca treatment tech
niques and treatment parameters most appropriate for 
extending postharvest life, reducing decay, minimising 
fruit injury, and maximising fruit quality on ripening: 
• type and variety of produce; 
• produce Ca status and maturity at harvest; 
• produce and Ca solution temperature during treat-

ment; dipping solution pH; 
• Ca concentration in the dip; 
• dipping time and the range of pressures: 
• the addition of surfactants, thickcncrs. and fungicides 

to dipping solution: 
• storage atmosphere l'omposition, telllperature, hum

idity, and time that may affect Ca uptake. distribution. 
and function in the produce; and 

• produce resistance to injury ami decay. 
The economic incent i yes for greater research to cap·· 

ture the cOlllmercial bencfits of the postharvest applica
tion of Ca arc enticing. Postharvest losses of fresh fruit 
and vegetables resulting from the lack of suitable, 
adoptable, and/or affordable postharvest treatmcnts and 
technologies are a major worldwide concern. Ca is nat
ural, cheap. and edible. It offers the opportunity for the 
development of a unique, simple to apply, safe, and 
cost-elTective postharvest life extension treatment suit
able for appl ication on selected horticultural crops at the 
faml level in developing countries. as well as for inte
gration into modern produce handling operations in 
developed countries. Furthermore. the potential of Ca to 
confer chilling injury resistance in produce. as well as to 
delay ripening and subsequent dcterimation under 
ambient conditions, provides scopc for the development 
of an alternative method for thc shclf life maximisation 
of chilling sensitive produl'c such as tropical and sub
tropical fruit and vegetables. Finally. thc indication that 
Ca has the capability to induce resistance in produce 
against invasion by decay microorganisms may well 
open a new avenue in the area of biological control of 
pathogens. 
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Postharvest 'Vater Relations in Horticultural Crops: 
Principles and Problems 

Daryl Joycc* and Brian Pattersont 

Ahslracl 

A fresh appearance in horticultural products is depcndent on water retention. On the other hand. surl:rce water 

favours micTohial spoilage. Good practice in postharvest horticulture includes the control of water trallSfer 

hetwt'cn commodity, packaging and refrigeration cooling coils. TClnpcraturc ditlcrL'JH.T"\ betwecn package and 

produce caLise wateT to condense and temperature gradiellts arc particularly difficult to avoid w'hen conlrooills or 

shipping containcrs arc heing stowed, and when transport is from a \varIn humid l'llvirol1lllt'nt to markets 111 cool 

or cold regions. High humidity storage rooms help keep water within the Jlrllduce. and condensation is gl'lll'raily 

not a prohlem within thcll1. However. they involve extra costs and SOI11(, packages lose strL'ngth as they ahsorh 

water from the humid air. Strategies to segregate condensate from the product should he adopted when producl\ 

arc packaged within a water halTier. 11,e principles involved in the control and retention of water in 11Orticultur,d 

produce in scaled packages or in cooirooll1s arc discussed with particular atlcnlion to the avoidance of I1licr()hi~tl 

spuilage. 

FRUITS contain more water than any other chemical. 
Because it influences the quality we call 'freshness'. the 
importance of retaining as much of it as possible in the 
fruit is recognised in markets around the world. Skilled 
buyers relate the price of cherries and table grapes to the 
condition of their fruit stems. which show symptoms of 
water loss bcCore they arc easily detected on the fruits. In 
a similar way. in those countries where citrus fruits are 
marketed with a few leaves attached to the stem. the 
leaves arc a visual indicator of fruit quality. For several 
vegetables. postharvest life under rci'rigeration is 
extended when water loss is prevented by storage at high 
humidity (van den Berg and Lentz 1(78). At higher 
temperatures. wound healing is promoted by high 
humidity. so delaying pathogen invasion (Morris et al. 
19~1J). 

Water in fru its exchanges with water elsewhere in the 
postharvest environment. Temperature. rc/ative humid
itv adjacent to the fruit surface. and air movement all 
intluenee whether the commodity tends to gain or lose 
water relative to other reservoirs of water. In addition. 
the barrier pf'Ol)Crtics of the fruit or vegetable surface 
limit the rate at which the exchange takes place. Water 
loss can be controlled by manipUlating these factors. 

* CSIRO Division of Horticulture. Carmody Road. St Lucia. 
Quecnsland 4067. Australia. 

-i- CSIRO Division of Horticulturc. Delhi Road. t\orth Ryde. 
New South Wales 2113. i\ustralia. 

It is not necess~lrily possible or econolilic to control all 
the factors in the environment which influence water 
loss. For instance. high humidity may compromise the 
strength or paper-based boxes. Most h0I1icuiturai pro
duce rrom the tropics is chilling sensitive so that storage 
below lODe is not advisable. free water is likely to be a 
signiricantly greater problem in the wct tropics. for 
instance. in the lowlands or Thailand the mean daily 
maximum temperature is about :lODe with around XYIr 
relativc humidity (RH) during the monsoon (Sternstein 
I lJ7A). Cndcr these conditions the cOllcentration or 
water in the air is nearly three times the value ror satu
rated air at lODe. In addition the dew point is only 3°C 
below the ambient temperature. As a result. condensa
tion is likely to be a problem during cooling to storage 
tempcratures. This will worsen the tendency ror decay 
which is already present because or the higher :;torage 
temperatures that are necessary ror most tropical crops. 
This paper highlights ways in which these variables can 
be manipulated so that the benefits or keeping as much 
water as possible in the commodity can be realised in a 
way that minimises possible problems. 

Water Relations of the Commodity 

Osmotic potential. Figure I illustrates the meaning of 
osmotic potential. II' a solution is separated fwm pure 
water by a membrane that is pcnncable to water but not 
to the solute. there is net flow of water through the 



membrane into the solution. That is. the solution exerts 
a negative pressure with respect to the water because the 
solute (e.g. sugars. salts) interact with the water. This 
can be halanced by the piston pressure, as shown in 
Figure I. The piston pressure is equal in magnitude and 
opposite in sign to the osmotic potential of the solutiun. 
Thus, the ability of a solution to attract water is 
expressed in pressure units as its potential relative to that 
of pure water. For free solutions of water this osmotic 
component wholly determines the water potential. 

Pressure 

1 j 

Water 

FigUrl' I. Diagrammatic representation of osmotic pntcntial. 
ThL' pressure on the piston is jllst suflieient to 
prevent net watcr mO\'l'lllent from the left hand to 
the right hand ann of the U-tubc. At this point the 
pressure on the piston is equal in magnitude and 
opposite in sign 10 the osmotic potential. 

Tursor flo/entia!. The water of harvested cOlllll1udi
tics is c<lIlfined within cell walls. Under well watered 
conditions at harvcst, the cell wall, and outside skin arc 
likel} to be under tension rather like the skin of an 
inllated balloon is under tension. This tension is the 
result of a turgor pressure which is positive and therefore 
Cl)unteracts to SOIlle extent the osmotic potential of the 
cell solution. The effect of turgor is most obvious when 
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the tension of the outer skin becomes so great that the 
skin splits. Turgor pressure can split mature cherries and 
grapes on the plant when there is a prolonged spell of 
wet weather. It can also split packaged grapes in storage 
under some conditions. 

Freshly harvested fruit may have a significant turgor 
pressure (Hatfield and Knee 1988) and turgor pressure 
will be significant for leafy vegetables as long as they 
remain unwilted. The turgor pressure of 1.5 MPa 
(osmotic pressure -3.0 MPa) reported for cherries at 
harvest (Cook and Papendick 197X) would be sufficient 
to increase the equilibrium RH from 9R(}b by about! (Ic 
(Fig. 2) compared with the same fruit at zero turgor. 
However, only a small fraction of the tissue waler needs 
to be withdrawn from a plant part to relieve turgor pres
sure and these cherries lost their turgor within () days. 

Wafer potential. The sum of the positive turgor and 
the negative osmotic potential is the total water poten
tial, which is almost always negative in plants (Salishur) 
and Ross 19R(). In the above example the initial water 
potential of the cherries is -1.5 MPa. 

Water Relations in Packages 

Water barriers 

A water harrier within a package impedes the passage 
of water vapour. Natural water barriers of the fruit skin 
arc particularly elTcctive in the toma1l1 (Cameron and 
Reid 19X2), where most of the water is lost through the 
stem scar. In some fruit, and especially with citrus, it is 
advantageous to increase the barrier properties by 
waxing. The most elTeetive water barriers are those 
made from extruded polymer films (Beh-Yehoshua and 
Cameron 1(89). Although usable thicknesses of the 
common e.xtrudable polymers (polyethylene, polypro
pylene, polyvinyl chloride. polystyrene) are sOTllewhat 
permeable to water vapour, the amount that escapes in 
this way is negligible compared with the unimpeded 
transpiration rate of horticultural commodities. As a 
consequence they can virtually prevent water loss. In 
contrast to these polymer films, unillodified paper and 
fibreboard arc puor barriers to water vapour, and can 
also desiccate produce by ahsorhing water. 

Relative humidity in pa(~kages 

The relative humidity in a package depends on the 
crf'icieney with which the package acts as a water barrin. 
Within an efficient barrier, watc! is transpired from a 
solution until the vapour prcssure at the surface of till' 
solution equals the vapour pressure in tht' air space. 
Under isothermal conditions, this results in the RH equi
lihrating with the water potential of the cOllll1lodity. If 
the solution is free water without contained soiutes. the 
equilibrium RH is 100% (water potential = 0 pressure 



units relative to water under the same conditions). The 
equilibrium RH over a free solution is related to its water 
potential. as shown in Figure 2 for a temperature oI'O°e. 

The equilibrium RH in a package containing plant 
tissues will be a function of the osmotic potential of the 
solutes in the plant material caused by the presence of 
solutes, offset by the turgor pressure of the tissue. In 
most fruits, sugar content has the largest effect on 
osmotic potential. Monosaccharides exert a larger effect 
than disaceharides (Fig. 2). It can be seen that a solution 
containing 15% glucose has an equilibrium RH of about 
97.2'7c. Sucrosc, bccause it has a smaller molecular con
centration for the same Brix value, gives a higher equi
librium RH of about 98.6%. The osmotic potential is a 
colligative property (dependent on the number of mole
cules) and it can be calculated (Money and Born 1951) 
from published analyses. For instance Red Delicious 
applcs (Wills and El-Ghetany 1986) whose juice con
tained about 15% (w/v) sugar contained 13.2 g! I ()() mL 
monosaccharide and 1.8 gl 100 mL disaccharide. Figure 
2 shows that together these will give an osmotic poten
tial of -3.1 MPa. corresponding at this temperature to an 
equilibrium RH of 97.7(10, if thcre is no turgor pressure. 
The ions and organic acids (Anon. 1990) would be suf-
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ficient to lower the equilibrium RH by a further O.2'Yr to 
97.Y7r RH. However, apples are likely to be under some 
degree of turgor pressure (Hatl'ield and Knee 1988) 
which would increase this minimum value of equilib
rium RH f(\r this content of sugar ~lIld nther solutes. 
Rooke and van den Berg (1985) rcpnrted an equilibrium 
RH for apples of about 99%, which also suggests that 
significant turgor pressure is likely to be present. 

Turgor may increasc by absorption ofwatcr in storage 
if sugary fruit come into contact with liquid watcr or 
with RH values above their cquilibrium RH. This may 
occur when water is redistributed as condensation in 
packagcs. 

Condensation 

The dew point is the temperature at which liquid 
water will condense from the vapour phase. Figure 2 
shows the value of [he dew point depression for different 
values of RH. that is, thc value by which thc tcmperature 
must be lowered for water to condcnse. At all values oj" 
equilibrium relativc humidity likely for postharvcst 
commodities, the temperature has to fall by only a frac
tion of a degree for condensation to appear. 
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Figure 2. Relation of equilibrium RH. water potential and dew point depression of solutions of glucose (broken line) and sucrose 
(continuous line) at O°C. The curves were plotted using the equations of Money and Hom (1951) using concentrative 
data on glucose and sucrose and dew point tables (Weast et al. 1990). Water potential at O°C was related to RH using the 
equation WP ~ (RT:V)ln(RH) (Cook and l'apcndick 1978). 
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Condensation is the resu It of temperature differences. 
Thcrcfore, good pral·tice in removing field heat, pre
cooling the produce beCore packaging and maintaining 
the cold chain will necessarily minimise it. However, it 
is not possible to provide perfectly isothennal condi
tions and fluctuating temperatures may rcsult in some 
parts of a package being below the dew point. 

Fate or condensation 

Condensation is initially deposited on the vapour 
barrier of the package. The source of nearly all thc watcr 
is the commodity itself. During a cooling cycle, the 
temperature of vapour barrier will fall III ore quickly than 
that of the commodity becausc of its small thermal mass 
and its position. 

The materials of the most common vapour barriers 
such as polyethylene arc hydrophobic and this intlu
ences the behaviour of the condem,ed water. This results 
in the water accumulating llfl a polyethylene surface as 
droplets rather than as a continuous film. On such a 
hydrophobic surface the surface tension of the water 
overcomes the weaker interaction with the polyethylene 
and contracts the water into discrete droplets. The 
smallest droplets have the greatest degree of curvature 
and this increases their vapour pressure (Kell 1972). As 
a consequence. larger droplets tend to grow at the 
expense of smaller ones. Droplets also grow by accre
tion and on a vertical surface eventually run to make a 
puddle in the base 01' the package. These processes tend 
to increase the likelihood that free w:ller will contact the 
fruit and damage it. 

Condensation control in packaging 

The ideal for condensation control is that it should 
prevent water loss without the risk of condensation. 
However, as shown above, water loss can be prevented 
only if the commodity is kept at equilibrium RIJ values. 
Under such conditions condensation is usually likely 
unless ncar perfect temperature control can be main
tained. For this reason, most effort at reducing conden
sation has been directed at reducing the RH around the 
commodity to a moderate extent. 

Solute cOf/trol (~f RH. The RH in a package can be 
buffered with salts and polyols at values near RO'/( (Shi
razi and Cameron 1002). These salts and other solutes 
work by providing a given value of water potential in 
some position in the package. Between the solute and 
the commodity a gl adient nf water potential is set up, 
with the local value depending on the relative position 
of the source of watcr (the commodity) and the solute. 
To an extent which depends Oil the position in this gra
dient, the dew point depression is increased and the 
likel ihood of condensation reduced. The solute attracts 
water and may form a solution. Therefore, sachets of 
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porous but hydrophobic material have to be used to 
contain the solute. For instance. sachets of spun poly
ethylene arc elTectivc in retaining dissolved solute while 
being highly permeable to water vapour. 

Per/orated films. Another approach to condensation 
control is to perforate the water barrier. A variety of 
perforated films of polyethylene and polypropylene are 
available commercially. The degree of perforation can 
be adjusted to match the degree of control desired. 
However, they are not usually suitable for usc with 
paper based cartons, at least over extended periods, as 
the moisture which leaks out will be absorbed by the 
paper and weaken it. 

Hydrophilic sur/lief's. Condensation tends to collect 
as droplets and accumulate as puddles in the base of the 
package. Droplet formation can be reduced by incorpo
rating surface active agents into the polymers which are 
used to make the water barrier. Surface active agents 
tend to migrate to the surface of the film after extrusion 
and here they can lower the surface tension of the con
densed water. The water then can form a continuous 
film. However, the effect may be largely cosmetic. 
Although condensation is less obvious when it is spread 
evenly rather than being present as droplets. a lower 
surface tension allows water to drain more easily. A 
more effective treatment has been suggested (Noda 
100 I). This is to provide a surface alloy of hydrophilic 
polymer on the bulk hydrophobic phase. This otTers the 
possibility of the surface retaining the condensation 
more etTiciently without changing surface tension. 

Waler-pl'rl1lca/Jlejill1ls. '111e bulk hydrophilic plastics 
such as regenerated cellulose and polyvinyl aleohol are 
poor barriers to water vapour. As a consequence of their 
high permclbility, commodities wrapped in them arc 
unlikely to produce any condensation. even with large 
temperature tluctuations. This benefit is of course asso
ciated with increased water loss. There may also be a 
problem if packages using these films arc kept at RH 
values higher than about 90%. Plasticiser chemicals 
(often glycerol) are hygroscopic and exude from these 
films as a watcr solution The plasticiser can be washed 
out with water but, at least in the case of cellulose, this 
results in a film which is unacceptably brittle. 

Shrink wrapping. The technique which most satisfies 
the criterion of maintaining water content without 
increasing condensation is shrink wrapping (Ben
Yehoshua l't al. 10R3; Ben- Yehoshua 19R5). A number 
of different kinds of poly Iller film can be stretched in 
two dimensions (bilaterally oriented) after extrusion. 
When such films arc heated above a temperature of 
about 40--50°(' they shrink to approach their original 
dimensions. To make a shrink wrap, a bag of such a film 
is made 'lround a commodity and then given a blast of 
hot air that is sufficiently long to heat the film but not the 
commodity. This shrinks down the polymer film so that 
it closely contacts the skin of the fruit. As long as the 



water barrier is in contact with the fruit surface, it takes 
on the fruit temperature by conduction. Therefore, even 
under grossly t1uctuating temperatures, the difference in 
temperature between commodity and water barrier is too 
small for the dew point to be reached. Unfortunately. 
there arc practical problems associated with the usc of 
shrink wrapping. The commodity needs to be spherical 
or cylindrical, such as citrus or cucumber, because any 
parts of the film that do not press against the commodity 
accumulate moisture. The second problem is that it is 
difficult to integrate shrink wrapping into many pack
aging operations. For these reasons it has not been taken 
up by the horticultural industry to the extent that its 
effectivcness would suggcst. However, it provides a 
standard for the control of water relations in packaging 
against which new tcchniques can be judged. 

Conclusions on condensation 

'Illt:re is scope for improving condensation control in 
horticultural packaging, taking into account the consid· 
erations already outlined. There is active research in this 
laboratory to devise condensation control methods that 
are as effective as shrink wrapping, but which can be 
applied much more generally. 

~ 1.5 

~ 

I 

10 20 30 40 

Water in Refrigerated Stores 

In the absence of water barriers. the tendency for water 
to be lost from harvested produce depends in part on the 
vapour pressure deficit. This is the amount by which the 
vapour pressure of the storage atmosphere is lower than 
the equilibrium vapour pressure of the produce. The 
vapour pressure deficit at a given temperature is related 
to the magnitude of the difference between the storage 
RH and the equilibrium RH of the produce, as shown in 
Figure 3. TIle vapour pressure deficit at the evaporating 
surface of the produce is therefore strongly affected by 
the airtlow. because this will intluence the extent to 
which the bulk RH of the storage atmosphere extends to 
the surface of the produce. 

Evaporator temperature. The temperature of the 
refrigerator coil (evaporator) is an important determi
nant of the RH of the storage space atmosphere (Dossat 
1961). As the temperature differcntial across the coil is 
progressively decreased below the dew point, so the 
cool room return air is dehydrated to a greater extent. 
Measures which reduce system running time (duty 
cycle) reduce this effect. 

An option for increasing RH is to increase the area of 
the coi I available for heat exchange and increase its 

50 GO 70 80 90 100 

Atmosphenc relatIVe humidity (0) 

Figure 3. Vapour pressure deficit between produce (assuming an intracellular equilibrium rclati ve humidity of I OO'!() and 
surrounding air (0- I 00% RH) at three temperatures (0, 10. and 20°C). Vapour pressures were calculated based on 
published saturation vapour pressures of ",aler at O. I n. and 20°C (Nobel! 974). 
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temperature. With a smaller coil-to-air telllperature dif
ference. less water is reIlloved from the air. However, 
large coils are bulky and relatively expensive and in 
systems where humidity control is not crucial or space is 
limited (e.g. refrigerated shipping containers) small 
coils must be used. 

Where coil size is restricted it may be possible to 
reduce the coil temperature during cooling of warm 
produce by appropriate adjustment of the evaporator 
pressure-regulating valve. Following cooling. when the 
heat load is less, the temperature difference can be 
reduced to give higher RH during long term storage. 

When the coils icc up, cooling dficiency falls since 
air flow is restricted and the icc acts as an insulating 
blanket. Thus it is necessary to ddrost the coils. During 
defrosting, the coils arc heated and the melt water is 
drained outside the coolroom. In this way the refrigera
tion system is a water pump which renhlVl~S water from 
within the eoolrool11; that is, from the produce. 

The water load in a coolroolll is the rate at which 
water is transferred to the refrigeration coils. usually 
from the produce. It is influenced by the nature of the 
produce and its packaging. Unwrapped produce with a 
high surface area relative to its water content (e.g. cut 
!lowers. leafy vegetables) is likely to lose water most 
readily. If, however, such produce is wrapped in a 
moisture barrier (e.g. polyethylene film), water loss is 
greatly reduced. 

Insulation. The external temperature can also affect 
the water balance in a COOiroOIll, In hot weather, the 
increased heat load will mean that the refrigeration will 
be running for longer and l1lore water will condense on 
the coils to be removed in the defrost. Thick panels with 
good insulating properties, such as 100 Illlll expanded 
polystyrene, minimise heat transfer. Additional strate
gies include a roof over the cool room structure and 
insulation in the floor, especially where ground condi
tions are wet. 

Air exchange. When cool rooms are opened or venti
lated to avoid the build up of ethylene or carbon dioxide, 
warmer air lllay be introduced. Since warmer air holds 
more moisture, this can add to the water load. This effect 
may be seen as fog at the interface of cool room and 
ambient air. Thus, air exchange should be minimised. 

High humidity systems 

The cost effectiveness of high humidity in eoolrooms 
varies with the application. High humidity can give 
commodities a longer storage I ire (van den Berg and 
Lentz 1978). Whether this is better achieved by suitable 
packaging or by a high humidity store should be 
assessed in the light of the specific storafre demands. 
Packaged products, oncs with hifrh volume relative to 
their surface area, or ones with relatively impermeable 
skins which limit water loss will benefit less from 
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humidities above 80(1r. On the othcr hand, the additional 
cost of high humidity may be justified if the product is 
one which transpires rapidly. such as cut tlowers. In this 
case, a design incorporating high humidity can minimise 
water loss and reduce the frequency of defrosts. 

Air-wash systems. To obtain humidities of >90% in 
otherwise conventional coolrooms, the return air is 
passed through a high surface area matrix wetted with 
solution which has been cooled by flowing over the 
refrigeration coils (Debney et al. 1980). Such air-wash 
systems are claimed to achieve humidities of ca. 98%. 
Solutes added to the water lower its freeling point and 
allow cooling to O°C or below. 

Jacketed systems. Jacketed storage systems also 
achieve these very high relative humidities. Here refrig
erated air is not circulated within the storage void, but 
through thc ceiling, walls, and tloor around the storage 
space (Jorgensen 1974). 1l1C shell of the storage space 
can be rigid or flexible. Uniform circulation of cold air 
over the outside or the shell is of paramount importance 
and effectively intercepts incoming heat. Some air cir
culation within the jacket is also desirable to facilitate 
movement of the respiratory heat load from within the 
stow to the inner surface of the shell. Jacketed storage 
systcms are not widely used because of comparatively 
high construction costs, difficulty in achieving rapid 
cooling of the stow, and the large amount of condensate 
that accumulates on the inner surface of the shell (Har
denburg et al. 1986). 

High humidity systems tend to be bulky and can be 
costly to install and maintain. They have a practical dis
advantage in that fibreboard boxes gradually lose their 
strength if they arc kept at high hUTllidity because they 
absorb water from the atTllosphere. Under such condi
tions, specially strengthened, waxed, or expanded poly
styrene boxes may be used. 

Rapid cooling 

Quick cooling of produce is the first stage in reducing 
loss of water. Cooling reduces the vapour pressure of 
liquid water in produce and, therefore, the propensity for 
water loss. For example, at 100% RH the vapour pres
sure at 20°C is 2.3 kPa, whereas at (jOC it is 0.6 kPa. 
Thus, the vapour pressure deficit between the product 
and the surrounding air is markedly reduced when both 
are at the same low temperature. 

However, during cooling, produce is very susceptible 
to water loss. Table I shows that produce at 20°C in a 
cool room at (J°C and l)O':Y. RII has the potential to lose 
water about 30 limes a, rast as produce precooled to 
O°C. Thus rapid means or cooling, such as pressure 
cooling, hydrucooling. and vaCUUJll cooling are highly 
desirable. 

Pressure cooling. Air-wash systems arc often reCOJll
mended for pressure cooling, where air is passed at high 



Table I. Relative ratcs of water loss (RRWL) for cooling produce" 

Situation Temperature Relative humidity 

(Oe) ('Yc) 

Warm produce 20 100 
Warm air 20 90 

Warm produce 20 100 
Cold air 0 90 

Cooling produce 10 100 
Cold air 0 90 

Cold produce 0 100 
Cold air 0 90 

a Assuming that the air in the produce is at 100(10 RH. 

velocity, via vents in the cartons, through packaged 
produce. llowever, even produce which is susceptible to 
water loss, such as leafy vegetables, cool rapidly under 
these conditions. Thus, water loss may not be a signifi
cant problem if conventional forced-draught coolers 
operating at comparatively low RH arc used. 

Compared with room cooling, forced-air cooling 
minimises the risk of condensation (Watkins 1(85). 
This is because cold air always passes over the coldest 
produce first, warming as it goes, In contrast, when pro
duce is cooled in a room, the package walls and outer 
produce cool first. Convection currents take warm air 
from around the produce to these cool surfaces, where 
water condenses. 

lhdrocooling. Cooling produce with cold water, or 
variations such as hydro-in? (icc slurry) or hydro-air 
(cold water mist/spray), results in very rapid rellloval 
of field heat because of the intimate contact of the 
produce with large volumes of cooling medium and the 
excellent heat conduction of liquid water. IIydrocool
ing is useful for those products which tolerate being 
wet (e.g. broccoli). It is important to ensure complete 
contact bctween the cold water and the producc, and to 
take precautions (e.g. chlorination) to avoid encourag
ing and spreading decay organisms. Packages for 
hydrocooled produce need high wet strcngth (e.g. 
heavily waxed fibrcboard), 

Vacuum cooling. The principle of vacuum cooling is 
accelerated evaporative cooling under reduced pressure. 
This technique is limited to those products with a high 
surface-lO-volume ratio (e.g. lettuce). Water loss from 
the produce can be minimised by wetting the produce 
before cooling. 

Vacuum cooling and hydrocooling require, as com
pared with most applications of pressure cooling, spe
cialised and bulky equipment which incurs additional 
cstablishment and maintenance costs. 

Vapour pressure Vapour pressure RRWL 
deficit 

(kPa) (kPa) 

2 .. 11 
2.10 0.23 4 

2.33 
0.55 1.78 30 

1.23 
0.55 0.68 II 

0.61 
O.SS 0.06 

Conclusions on rl'f"rigcratcd storage 

Water loss during storage is a problem that might be 
addressed by either novel packaging systems or modifi
cation of basic cool rooms based on forced-draught 
evaporators, 
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The problem Illay be most easily and flexibly dealt 
with through improved package ciesil"n. Wax or plastic 
film linings offer cfficient moisture baITiers. However, 
the problem of how to obtain rapid cooling while mini
mising post-cooling water loss through the pressure 
cooling vents arises. Here there exists the potential for 
simple innovations in package design such as plastic 
film laminated onto fibreboard with an inbuilt 'plastic 
slide with a lever' system allowing quick and convenient 
closure of carton vcnts after cooling. 

With regard to the COOlroOIll, there is the need to 
return water removed from the produce to the cool room 
air. thereby minimising further water loss from the 
product. Defrost water can, for example, be draincd onto 
the floor of refrigerated shipping containers (Sharp 
\986). Howevcr, this approach is of limited benefit as 
only a proportion of the water will evaporate, decay 
organisms lIlay be favoured and structural damage may 
resu It. A more promising stratcgy would be to use the 
defrost cycle not only to melt but to vaporise and return 
the water to the eoldroom atmosphere (S, Morris, pers, 
comm.). 

Water in and around Harvested Produce 

Not only docs water loss diminish the firmness (turgid
ity) and associated fresh appearance of harvested com
modities, it is a stress that reduces postharvest life (van 
dcn Berg and Lentz \(78). Water loss can also exacer
bate the symptoms of other disorders [e.g. bruising of 
bananas (Akkaravessapong et al. 19(2); mesocarp 



browning of avocados (Cutting and Wolstenholme 
1992)] and can accelerate loss of nutritional quality [e.g. 
vitamin C from leary vegetables (Lal.an ct al. 1987)]. 

Water as a strudural element 

This is most evident with cut flowers and leafy vcgc
tables. In rose !lowers, as in many other plant parts. 
turgor pressure is structurally important. If the pcdicel or 
nower stem loses too much water, it can no longer sup
port thc wcight of the flower, which then !lops ovcr. 
This happens once the positive turgor pressure of thc 
tissue is lost and at this stage of watcr loss the water 
potential equals the osmotic potential. Damage is not 
permanent (unless cells arc physically crushcd under thc 
weight of the !lower bud) and turgor can be restored by 
allowing thc stems to take up watcr. Furthcr water loss is 
more damaging because it concentratcs thc cell solutes, 
possibly to toxic levels. The protoplasm may shrink to 
the point where the intcrcellular connections (via plas
modcsmata) arc torn, possibly irreversibly. If thc cell 
walls are sufficiently elastic to be able to tighten around 
the shrinking protoplasm, water loss may be less injuri
ous (Joycc and Jones 1992). 

Exccss watcr can also destroy structure, as when fruit 
split with excess turgor pressure (see above). In this casc 
turgor is a strcss. 

Xylon ew'ila/ion. The xylem vessels of cut flowcrs 
have a continuous column of water. If water is lost 
during transport and storage thc rcsulting tcnsion may 
break the continuity of the water column. This reduces 
the ability of the flowers to take up water via thc xylem 
(Dixon et al. 1988). 

Physiological eonsequencl's of water stress 

Water loss from harvestcd prcclilllaeteric fruit (avo
cado, banana, pear) can advance the onset of ripening 
(Littmann 1972; Adato and Gazit 1974). Similarly. film 
wrapping delays thc deterioration of non-climacteric 
fruit such as capsicums and lemons (Ben-Ychoshua et 
al. 19S3) and the ripening of climacteric fruit such as 
avocado (Joyce and Shorter 1992). For cold-stored avo
cados (30 days. 5.5°C), humidification of the storage 
environment rcsulted in decreases in internal physio
logical disorders, disease (anthracnose and stem-end 
rot), and browning potcntial (PPO activity) (Bowcr et al. 
1989). 

Why water loss causes earlin ripening and scnes
cence of harvested pmdul't.' is not well defined. Mem
branes (e.g. the plasma membrane) are possible sitcs of 
transduction, being at the interfacc or the intra- and 
extracellular environment, potential turgor sensors and 
intimately involvcd in cellular metabolism (e.g. trans
port processes. turnover of membrane components). 
Ben-Y ehoshua et al. (1983) reported increased mem-
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brane leakiness in unwrapped fruit (compared with film 
wrapped). Drory et al. (19')2) measured changcs in 
phospholipid turnover in membranes from petals of car
nation !lowers exposed to transient water stress, and 
argued that activation of phospholipid degradation andl 
or the phosphoinositide cycle may be involved in stress 
transduction and reduced longevity of the !lowers. 
Extrcmc water stress can lead to elevated ethylene pro
duction. and Ben-Y choshua et al. (1983) suggest an 
association between ethylene and membranes in sensing 
water stress. For floral organs of cut and water strcssed 
(-3.6 MPa) Geraldton waxflower var. 'Elegance', ethy
lene production was 1.4 ~ILikg!hour as compared to 0.05 
uUkg/hour for control (-0.12 'v1Pa) tissue (Joyce, in 
press). In orchids, emasculation (removal of the anther 
cap and pollinia) leads to desiccation of the rostellum 
beneath (Woltering and Harren 19S0). This desiccation 
leads to elevated ethylene production. coloration and 
wilting. 

Pathogens and water 

Pathogenic fungi and bacteria generally arc able to 
infcct and grow better at humidities above 9W!r; (Snow
don 1990). For example, bacterial soft rot (l:'m'inhl spp.) 
is facilitated at >90% RH (Barnes 1979). This effect 
becomes most marked when free moisture such as con
dcnsation wets the produce. Contributing factors here 
arc Icakage of solutes into the water and decreased gas 
exchange to the plant tissue (Burton and Wiggington 
1970; Lund and Nicholl:, 1970; Lund and Wyatt 1972). 
High humidity cnhanccs the germination of spores of 
BOlrytis cincrm. although thc effect on Fusarium is 
much less marked (Fig. 4). Free moisture may have an 
additional efrcet. especially on the gcrmination of Bol
rytis cinerea. which is one of the most widespread stor
age pathogcns (Jarvis J 077; Maloy 1085). 

While high humidity may favour spore germination, 
it does not always provide an advantagc to the pathogen, 
especially at temperatures that allow the healing of 
wounds. Wound healing is favoured by humidities that 
approach equilibrium RH values so that invasion by 
ROlrylis (Sommer 1989; Snowdon 1990) and othcr 
pathogens (Morris et aL 1989) is reduced or prcventcd. 

In order to mi:Jimise the development of fungi (e.g. B. 
cinerea) and bacteria (e.g. Erwinia spp.) free moisture 
on produce inside packages necds to be eliminatee!. 
While this might be achieved under low humidity con
ditions. water loss from produce will be increased. A 
compromise is to maintain high relative humidity while 
preventing condensation. a difficult task where temper
ature gradients cxist. One solution is continuous stirring 
of air to avoid temperature gradicnts. with the air being 
circulated through it high surface arl'a (to ensure rapid 
exchangc) humidity buffer (e.g. saturated salt solution 
matrix). 
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Figure 4. Effect of RH on the spore germination of Fusarium spp. at 300 e (Mishra and Rath 1986) andBofryfis cinerea at 200 e 
(Rippel. cited by Jarvis 1977). 

Conclusion 

The control of water relations of harvested horticulture 
produce is complicated by the diversity of interacting 
biotic and abiotic factors. 

Crops such mushrooms and chrysanthemums are 
extremely susceptible to water loss compared with crops 
such as onions and pumpkins. Water loss results in loss 
of turgidity, exacerbation of other disorders (e.g. bruis
ing), and accelerated ripening and senescence. Har
vested plant organs interact with decay organisms, such 
that minimising water loss may be important in building 
or maintaining host resistance but, alternatively, high 
humidity or free moisture (condensation) may facilitate 
invasion and worsen the disease. 

Harvested produce is handled in a variety of ways. It 
may be marketed locally, in other districts, or exported. 
Transport may involve road, rail, sea, and/or air. The 
produce mayor may not be stored after harvest, and 
storage periods may be short, medium, or long ternl 
(Debney et al. 1980). 

Given the complexity of the interacting variables the 
precise way that package water relations is controlled 
must reflect the specific demands of situation. Although 
the implications of water in refrigerated stores have been 
considered, control of water relations through coolroom 
equipment is perhaps of secondary importance. While 
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temperature itself is of paramount importance in deter
mining the rate of deterioration of produce, refrigerated 
storage is not applied to all produce, optimum tempera
tures vary between crops (e.g. tropical versus temperate 
crops), and it is often a commercial necessity that mixed 
transport and storage be practised. 

It is, therefore, product packaging that offers the 
greatest opportunity and flexibility for regulation of the 
water status of individual products. An ideal package 
will maintain optimum in-package water relations 
throughout storage, handling, and marketing. The chal
lenge is to determine the optimum in-package water 
relations conditions for various products and to devise 
packages that will maintain this condition throughout 
the postharvest chain. Package design should also con
sider the wet strength of the container. All too often 
produce is damaged during storage or transport because 
fibreboard cartons absorb water and lose their ability to 
protect the product. These arguments lead to the concept 
of active packaging, where the packaging materials 
interact with their contents and the environment to pre
serve the condition of the produce. This is especially 
relevant to horticultural crops from the tropics. Efficient 
moisture barriers are essential to prevent dehydration. 
At the same time, the accumulation of free water must be 
controlled to counter the difficulties associated with 
high temperatures at and after harvest. 
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Modified and Controlled Atmosphere Storage 
of Tropical Fruits 

Adel A. Kader* 

Abstract 

Modified and controlled atmospheres (MATA) can he uscd to supplement the maintenance of optimum temper
ature and relative humidity for preserving quality and reducing postharvest losses of tropical fruib during trans
port and storage. MAiC,\ rC'duce rl'spiration rate. ethylene production and action. compositional changes 
associated with ripening. and incidence of some physiological disorders. Using MA:C A to delay fruit ripening at 
temperatures above the chill ing range. exposure of tropical fruits to chilling injury-inducing temperatures can he 
avoided. Carbon dioxide at 15-2()<';. is an effective fungistat that can he used to retard decay incidence on fruits 
which tolerate such C<)2 concentrations. MA/CA conditions including up to 60'k CO2 andor less than 1% 02 are 
insecticidal against some insects of quarantine importance on certain I"l1Iits. Such treatmc'nts alone or in combi
nation with cold or heat treatments will likely hecome part of postharvest integratl'd pestmanagemcnt programs 
for tropical fruits. Exclusion and removal of ethylene from transport and storage environments contribute to 
delaying fruit ripening and reducing growth of decay-causing pathogens. Recent advances in MAiCA technology 
arc facilitating expanded use on intact and lightly processed fruits and this trend is expected to continue in the 
future. 

MA/CA can supplement proper temperature and rela
tive humidity management in maintaining quality and 
reducing losses of tropical fruits. Dle beneficial effects 
of MNCA include reduction of respiration rate, inhibi
tion of ethylene production and action, retardation of 
ripening, and maintenance of nutritional quality. The 
delay of ripening by MA/CA can facilitate transporting 
and storing tropical fruits at temperatures above those 
that cause chilling injury. 

Short-term exposure of tropical fruits to 02 levels 
below I % and/or CO2 levels above 12% can reduce 
incidence and severity of physiological disorders (such 
as chilling injury), pathogens, and insects. The tolerance 
limits of tropical fruits to insecticidal CAs depend upon 
storage temperature, 02 and CO2 concentrations. fruit 
resistance to gas diffusion, ethanol accumulation rate, 
and soluble solids content. Some tropical fruits tolerate 
insecticidal CAs for 2-5 days at 20°C though further 
research is needed to find out whether these durations 
are adequate for kill ing insects of quarantine importance 
such as tropical fruit flies. 

Effective control of anthracnose and other pathogens 
is essential to successful usc of MAiCA during transport 
and storage of tropical fruits. Fungistatic levels of CO2 

* Department of POlllology. University 01 California. Davis. 
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(15% or higher) should he tested for their efficacy in 
controlling postharvest diseases without detrimental 
effects on the quality of tropical fruits. The cost/benefit 
(in terms of reduc ing decay inc idcnce and severity) ratio 
ofremoving ethylene from the environment surrounding 
tropical fruits during postharvest handling merits inves
tigation. 

Research on responses of tropical fruits to MA/CA 
has largely been limited to avocado, banana, mango, 
papaya, and pineapple. The current CA recommenda
tions for these commodities and for five others with 
which limited studies have been done (cherimoya. 
sweetsop. durian, lychee, and rambutan) are summar
ised in the following tables. It should be noted that spe
cific C A combination depends on cultivar, temperature, 
and duration of storage. These recommendations arc for 
transport and/or storage beyond 2 weeks. Exposure to 
lower 02 and/or highcr CO2 conccntrations for shorter 
durations may be used for control of some physiological 
disorders, pathogens. and/or insects. In general, post
harvest life (bascJ on maintenance of textural and tla
vour quality) of these fruits is extended by 50-100% 
when kept in CA relative to air at optimum temperature 
and relative humidity. 



Avocado (Persae americana Mill.) 

Optimum temperature: IODC, expected range: 5-13 DC 

Modified atmosphere considerations: 

Reduced 02 Increased CO2 

Beneficial level: 2-5 % 3-10% 

Benefits: Delayed ripening, reduced 
rates of CO2 and C2H4 production 

Delayed softening, reduced 
chilling injury symptoms 

Potential for benefits: Good Good 

Injurious level: < 1% > 15% 

Injury symptoms: Off-flavour, intcrnal flcsh browning Skin browning, off-tlavours 

Potential for injury: Moderate Moderate 

Commercial use or potential: Use during long-distance transport is expanding, 

Remarks: CO at 5-10% added to CA may be useful in reducing decay problems. Exposure to 25-30% CO, for 
2-3 days can delay decay incidence during subsequent storage in air or CA. Exclusion and/or 
removal of ethy lcne « I ppm) from air or CA storage are recommended. 

Selected References 

Bower, J.P., Cutting, J.G.M. and Truter, A.B. 1990. 
Container atmosphere, as influencing some physi
ological browning mechanisms in stored Fuerte 
avocados. Acta Horticulturae, 269, 315-321. 

Eksteen, GJ., Truter, A.B. and Vorster, L.L. 1992. 
Long-distance controlled atmosphere transport of 
avocados. In: Lovatt, C. et aI., eds., Proceedings of 
the Second World Avocado Congress, 463-466. 

Faubion, D.F., Mitchell, F.G., Mayer, G. and Arpaia, 
M.L. 1992. Response of 'Hass' avocado to post
harvest storage in controlled atmosphere comli
tions. In: Lovatt, C. et a!., cd., Proceedings of the 
Second World Avocado Congress, 467-472. 

Hatton, T.T. and Reeder, W.F. 1972. Quality of 
'Lula' avocados stored in controlled atmospheres 
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with or without ethylene. Journal of the American 
Society for Horticultural Science, 97, 339-341. 

Prusky, D., Plumbley, R.A. and Kobiler, I. 1991. 
Modulation of natural resistance of avocado fruits 
to Col/efofriclium g/oeosporioides by C02 treat
ment. Physiological Molecular Plant Pathology, 
39,325-334. 

Spalding, D.H. and Marousky, FJ. 1981. Injury to 
avocados by insufficient oxygen and excessive 
carbon dioxide during transit. Proceedings of the 
Florida State Horticultural Society, 94, 299-301. 

Spalding, D.H. and Reeder, W.F. 1975. Low-oxygen, 
high-carbon dioxide controlled atmosphere storage 
for control of anthracnose and chilling injury of 
avocados. Phytopathology, 65, 458-460. 



Banana (Mllsa spp.) 

Opt imum temperature: 14°C. expected range: 12--16°(' 

Modi fied atmosphere considerations: 

Increased CO2 

Beneficial level: 2-5 'k 2-50 

Benel'its: Delayed ripening Delayed ripening 

Potential for benefits: Vcrv u(Jod 
" '" Very gnnd 

Injurious level: <: 1';( > 7'/' 

Injury symptoms: Dull yellow or brown sk in 
discoloration, failure to ripen, 

off-flavours 

Green fruit softening 
undesirable texture 8: 1-laYour 

Pntential for injury: High Moderate to high 

Commcrcialuse or potential: Lse during long-distance transport is expanding, Modified atlllospheres (I -5'/' 
02 and 4 6'1, CO2) amior ethylene-absorbers are also used commercially 
during transport and distribution. 

Remarks: Cooking bananas and plantains have similar CA requirements 

Selected References 

Abdullah. H .. LizaLia, M.C.C .. Tan. S.c., Pantastico. 
Er. B. and Tongdee, S.c. I 'NO. Storage of banana. 
In: Abdullah, H. and Pantastico, Er. B., ed .. 
Banana: fruit developmcnt. postharvest physiol
ogy, handling and marketing in ;\SE;\N. ASEAI\ 
Food liandling Bureau, pp. 44--64 

Broughton, WJ. and Wu, K.F. 1<)7'). Storage comli
tions and ripening of two l'ultivars of banana. 
Scientia Horticulturae. 10.113 <)3. 

Liu, F.W. I <)76. Storing ethylene-pretreated bananas 
in controlled atmosphere and hypobaric air. Journal 
of the AJlleric~lIl Society for Horticultural Science. 
I () I. I <)11-20 I. 

McGlasson, W.B. and Wills, R.B.H. I <)72. Effects of 
oxygen and carbon dioxide on respiration, storage 
life. and organic acids of green bananas. Australian 
Journal of Biological Sciences, 25, 35 42. 
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Tmpical Agriculture, 6<). 263267. 
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Quarterly, 47, 61--63. 

Woodruff, R.E. 1<)6<). Modified atiilllsphere storage 
of bananas. Proceedings of the National Controlled 
Atmosphere Research (\mrcrencl'. Michigan Statc 
l·nivC!sity. Horticultural Report, C), 110-<)4. 



Mango (Mangifera indica L.) 

Optimum temperature: 13°C, expected range: 10-15°C 

Modified atmosphere considerations: 

Reduced 02 Increased CO2 

Beneficial level: 3--Yi'rJ (5-7% SE Asia-grown varictics) 5-10% 

Bcncfits: Delayed ripening Firmness rctention 

Potcntial for bcnefits: Moderatc Slight to modcratc 

Injurious level: > 10% 

Injury symptoms: Skin discoloration, off-l1avours 
grcyish tlcsh colour 

Off-llavours, softening, 

Potcntial for injury: Modcrate Moderate 

Commercial use or potential: Limitcd usc of 5% O2 + 5% CO 2 + 5--10% CO during marinc transport. 

Remarks: Avoiding chilling injury is important whcn CA is uscd. Usc of hcat trcatmcnts to reducc anthracnosc 
is highly recommended. 

Selected References 

Hatton, T.T. and Reeder, W.F. 1967. Controlled 
atmospherc storagc of Keitt mangoes. 1965. Pro
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position. In: Procecdings of thc Sixth Intcrnational 
Controllcd Atmosphcrc Rescarch Confcrcnce, June 
15-17, 1993, Cornell University, Ithaca, Ncw 
York. 

Mackawa, T. 1990. On thc mango CA storage and 
transportation from subtropical to temperate 
rcgions in Japan. Acta Horticulturae, 269, 367-
374. 

Pantastico, Er. B., Lam, P.F., Kctsa, S., Yuniarti, and 
Kosittrakul, M. 1984. Postharvest physiology and 
storage of mango. In: Mcndoza, D.B. and Wills, 
R.B.H., ed., Mango: fruit development, postharvcst 
physiology and marketing in ASEAN. ASEAN 
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assessment of the effect of controlled atmosphere 
storagc on thc grccn-life of mangocs. Postharvcst 
Horticulturc Workshop Proceedings, Mclbournc, 
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Spalding, D.H. and Reeder, W.F. 1974. Currcnt status 
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fruits. Proceedings of the Florida State Horticultu
ral Socicty, 87, 334--337. 

Yahia, E.M. and Vasqucz-Moreno, L. 1993. 
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Wisscnschaft u. Tcchologic 26, 42-48. 



Papaya ( Carcia papaya L.) 

Optimum temperature: 12°C, expected range: 10--15°C 

Modified atmosphere considerations: 

Reduced 02 Increased CO2 

Beneficial level: 2-5% 5-8% 

Benefits: Delayed ripening 
(degreening and softening) 

Firmness retention 

Potential for benefits: Slight to moderate Slight to moderate 

Injurious level: <2% >8% 

Injury symptoms: Off-tlavours, 
failure to ripen 

Off-tlavours, may 
aggravate chilling 
injury at < 12°C 

Potential for injury: Moderate Moderate 

Commercial usc or potential: None at this time; waxing may be used to modify internal 0 2 and CO 2 concen
trations. 

Remarks: Chilling injury should be avoided when CA is used. Prestorage treatments to minimise decay during 
storage are essential to successful storage. 

Selected References 

Akamine, E.K. 1969. Controlled atmosphere storage 
of papayas. University of Hawaii Extension Mis
cellaneous Publication, 64, 23 24. 

Alvarez, A.M. 1980. Improved marketability of fresh 
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Science. 15,517-518. 

Chen, J.N. and Paull, R.E. 1986. Dcvclopmcnt and 
prevention of chilling injury in papaya fruit. Jour
nal of thc American Society for Horticultural Sci
ence, I I I, 639-643. 

Hatton, T.T., Jr. and Reeder, W.F. 1969. Controlled
atmosphere storage of papayas. Proceedings of the 
Tropical Region of the American Society for Hor
ticultural Science, 13, 251-256. 

Maharaj, R. and Sankat, C.K. 1990. Storability of 
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'Taiping'. Scientia Horticulturae, 9, 265-277. 
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can Society for Horticultural Science, I 14, 937-
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oxygen atmospheres. Journal of the American 
Society for Horticultural Science, 117,96-99. 



Pineapple (Ananas comosus (L.) Merril.) 

Optimum temperaturc: I ODC, expected range: 8-13°C 

Modificd atmosphcrc considcrations: 

Reduced O2 Increased CO2 

Beneficial level: 2-5% 5-10% 

Benefits: Dclaycd scncsccncc, 
rcduccd rcspiration 

Dclaycd dcgrccning, 
rcduccd chilling injury 

Potential for bencfits: Slight to modcratc Modcrate 

Injurious levcl: < 2'}b 

Injury symptoms: OIT-llavours OIT-llavours 

Potcntial for injury: Modcratc Modcratc 

Commcrcial usc or potential: Vcry limitcd 

Rcmarks: Waxing may be used to modify 02 and CO2 conccntration within thc fruit cnough to rcducc inci
dcncc and scverity of cndogcnous brown spot. 

Selected References 

Akamine, E.K. and Goo, T. 1971. Controlled atmos
pherc storage of fresh pineapple (Ananas comosus 
(L.) Merr. 'Smooth Cayenne'). University of 
Hawaii Agricultural Experiment Station Research 
Bullctin, 8 p. 

Dull, G.G., Young, R.E. and Bialc, J.B. 1967. Respir
atory patterns in fruit of pineapple, Ananas como
sus, dctachcd at different stages of dcvclopmcnt. 
Physiologia Plantarum, 20, 1059-1065. 

Hassan, A., Atan, R.M. and Zain, Z.M. 1985. Effect 
of modified atmosphere on black heart develop
mcnt and ascorbic acid contents in 'Mauritius' 
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pincapples (Ananas comosus cv. 'Mauritius') 
during storagc at low tcmpcrature. ASEAN Food 
Journal, 1(1), 15-18. 

Paull, R.E. and Rohrbach, K.G. 1982. Juice charac
teristics and internal atmosphcrc of waxcd 'Smooth 
Caycnnc' pineapple fruit. Journal of thc Amcrican 
Society for Horticultural Science, 107,448-452. 

Paull, R.E. and Rohrbach, K.G. 1985. Symptom 
dcvclopmcnt of chilling injury in pineapple fruit. 
Journal of the American Socicty for Horticultural 
Scicnce. 110, 100--105. 



Cherimoya (Annona cherimola Mill.) 

Optimum temperature: 100e, expected range: R~ 15°C 

Modified atmosphere considerations: 

Beneficial level: 

Benefits: 

Potential for benct'its: 

Injurious level: 

Injury symptoms: 

Potential for injury: 

Reduced 02 

5% 

Lower respiration and ethylene 
production rates, retarded 

ripening, firmness retention 

Good 

<1% 

OtT- Ilavours 

High 

Increased CO2 

5-10% 

Delayed ripening 

Moderate 

') 

.) 

? 

Commercial use or potential: Cherimoyas can be kept li)r up to () weeks at 10 °C in 5% 02' then ripened with 
good Ilavour at 20°e, 

Remans Ethylene removal can be helpful in retarding ripening. 

Selected References 

Dc la PlaIa. J.L. 1980. Controlled atmosphere storage 
of cheri Il1oya. Proceedings of the 15th International 
Congress of Refrigerat ion, Venice, 1979, vo!. 3. pp. 
701 712. 

Martinez-Cayucla, M., Rodriguez-Vico, F., Faus, 
MJ, and Gil, A. 1989, Partial purification and 
intracellular localization of cherimoya (Annona 
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chcrimoiu Mill.) polyphenoloxidasc. Journal of 
Plant Physiology, 133, 660-M3. 

Palma, T., Stanley, D.W., Aguilera, J.M. and Zofl()li, 
J.P. 1993. Respiratory behaviour or chcrimoya 
(Annona chcrimo/a Mil!.) under controlled atmos
pheres, HortScience, 28, 647-649. 



Sweetsop (custard apple) (Annona squamosa L.) ---l 
Optimum temperature: 15°C, expected range: 12-20°C 

Modified atmosphere considerations: 

Beneficiallcvel: 

Benefits: 

Potential for benefits: 

Injurious level: 

Injury symptoms: 

Potential for injury: 

Reduced 02 

:) 5% 

Reduced ethylene production 
and respiration, delayed ripening 

Good 

< I';; 

Failure to ripen 

High 

Commercial use or potential: None at this time (July 1993) 

Increased CO2 

5-10% 

Delayed ripening 

Moderate 

15% and higher 

Flat taste and uneven 
ripening 

Moderate 

----- --- ---- ------- ---------------------- -

Remarks: Ethylene relll<lval can be helpful in retarding ripening. 

Selected References 

Broughton. W.J. and Tan. G. 1979. Storage condi
tions and ripening of the custard apple Anno/la 

squwl/OSQ L. Scicntia Horticulturae, 10,73-82. 
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Tsay, L.M. and Wu, M.e. 1989. Studies on the post
harvest physiology of sugar apple. Acta Horticul
turae, 25X, 2X7-294. 



Durian (Durio zibethinus.T. Murr.) 

Optilllul11 temperature: 15°. expected range: 12 20°(, 

'Ylodilicd atmosphere consicieLllions: 

Beneficial level: 

Benefits: 

Potential for benefits: 

Injurious level: 

Injur~ symptoms: 

Potential for injury: 

Reduced 02 

3-··5% 

Lowered C(), and C2H4 production 
rates. rct:mlcd ripening 

Good 

<2% 

lallure to ripen, grey 
di,colouration of pulp 

High 

Commercial usc or potential: None at this time (J uly 1993) 

Increased CO2 

5-20o,tr 

Retarded ripening if 
combined wilh 10% or 

lower 02 

Moderate 

> 20"; 

') 

? 

Reillarks: Modified atillosphere packaging and waxing can reduce CO 2 amI C 2H 4 production rates and sul
phurous odour characteristic of ripe durian 

Selected References 

Siriphanich,1. 1993. Personal communication. 
Tongdce. S.c., Suwanagu!. /I" and Neamprcnl, S. 

1990. Durian fruit ripening and the effect of variety, 
maturity stage at harvest, and atmospheric gases. 
Acta Horticulturae, 269, 323--334. 
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Tongdee. S.c., Suwanagul, A., Nc<tll1prem, S., and 
Bunruel1gsri, l i. 1990. Effect of surface coatings on 
weight loss and internal atmosphere of durian 
(Duriu zibethinus Murray) fruit. ASEAN Food 
Journal, 5, 103-107. 



Lychee (Litchi) (Litchi chinensis Sonn.) 

Optimum temperature: 7°, expected rangl': 5-12°C 

Modified atmosphere considerations: 

Beneficial level: 

Benefits: 

Potential for benefits: 

Injurious level: 

Injury symptoms: 

Potential for injury: 

Reduced 02 

Reducecl skin browning and 
polypheno]oxidase activity 

Good 

') 

? 

Increased CO2 

3-5';' 

Slower rates of losses 
of ascorbic acid, acidity, 

and soluble solids 

Moderate 

? 

? 

? 

Commercial usc or potential: Modified atmosphere packaging is used to a limited extent. 

Remarks: Maintenance of high relative humidity is essential for reduction of water loss and browning. 

Selected References 

Chen, W.X., Su. M.X. and Lee. P.M. 1 'iR2. A study 
of controlled atmosphere storage of litchi. Journal 
of South China Agricultural University, 3, 54--
61. 
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Paull, R.E. and Chen, 1.1\. 1987. Effect of storage 
temperature and wrapping on quality characteris
tics of litehi fruit. Scientia Horticulturae, 33, 223-
236. 



Rambutan (Nephelium lappacewn L.) 

Optimum temperature: 10°, expected range: 8-15°C 

Modified atmosphere considerations: 

Reduced 02 Increased CO2 

Beneficial level: 7-12'fr) 

Benefits: Retardation of senescence. 
lower respiration rate 

Retarded red colour loss, 
extended postharvest life 

to about one month if water 
loss is minimised 

Potential for bendits: Slight Moderate 

Injurious level: <1% >20% 

Injury symptoms: Increased decay incidence ? 

Potential for injury: High ? 

Commercial use or potential: Modified atmosphere packaging has potential for maintaining quality. 

Remarks: Maintenance of high relative humidity is essential to minimising water loss and darkening of the 
skin. 

Selected References 

Lam, P.E .. , Kosiyachinda. S .. Lizada. M.C.C., Men
doza, D.B., Prabawati. S. and Lee. S.K. 1987. 
Postharvest physiology and storage of rambutan. 
In: Lam, P.E. and Kosiyachinda, S., cd .. Rambutan: 
fruit development, postharvest physiology and 
marketing in ASEAN. ASEAN Food Handling 
Bureau, Kuala Lumpur, Malaysia. 

Mendoza, D.B., Jr., Pantastico, Er.B. and Javier, F.B. 
1972. Storage and handling of rambutan (Nephe-
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322-332. 

Mohamed. S. am! Othman. E. 1988. Effect of packag
ing and modified atmosphcrc on the shelf life of 
rambutan (Nephe/ium lappaceum). PeJ1anika, I I. 
217-228. 

O'Hare, T.J. and Prasad, A, 1992, Unpuhlished data. 
Postharvest Horticulture Group, DP!, Brisbane, 
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New Developments in Modified Atmosphere Packaging 
and Surface Coatings for Fruits 

Shimshon Ben-Ychoshua*, SvctIana Fishmant, Dcqiu Fang*, 
and Victor Rodov* 

Abstract 

Modilicd atmosphere packaging (MAP) emerged in the 1970s as a IlCW technology that may extend life of per
ishable agricultural produce. However. if proper precautions arc not taken this technology may also risk the 
microbiological sakty of the packaged food. Perforated IIlms enable MAP to maintain H20-saturation with only 
a slight change in 02 and CO2, This results in reduction of water loss and al iL'viation of water stress without the 
possihle deleterious effects of anaerohiosis or CO2 damage. New trends of rescarch are m the dewlopment of 
interactive or . smart" films. These new films may be expected somehow to sense the changing internal packaging 
t'nvironment and admit oxygen from the outer atmosphere or allow excess CO2 to escape. Modified humidity 
packaging, comhined with incorporation of fungicides into films, heat treatment. etc" are new. promising lines of 
research. Mathematical modelling for gas exchange in MAP is based on a combination of Fick's Law and th" 
Michael is Menten e4uation. This model enables production of the optimal parameters of a package. Surface 
coatings have gained some cOl1lmcrcialuses due to the availahility of edihle and natural origin coatings. 

MOIlII'ILDatmosphere packaging (MAP) emerged in the 
1970s as a new technology that may extend life of per
ishable agricultural produce and reducc its spoilage and 
decay. MAP involves the exposure of produce to the 
atmosphere generated in a package by the interaction of 
the produce, the package and the external atmosphere. 
The initial atmosphere may be either air or a gas mix
ture. Different additives that may affect the atmosphere 
may be introduced into the package before it is sealed. 
The main feature distinguishing MAP from controlled 
atmosphere (CA) is that, in the case of MAP, active 
human involvement stops at the moment of scaling. 

MAP technology comprises a wide spectrum of tech
niques varying from the simple early method of indi
vidual seal packaging (Ben-Yehoshua 19R5, 1991; 
Ben-Yehoshua and Nahir 1977), which may be consid
ered as MAP for individual fruit, to the more intricate 
control of the micro-atmosphere in the new packages for 
various salad bar items (see Brody 1991). Seal packag
ing involves sealing a fruit in a plastic film with or 
without heat shrinking to conform to the shape of the 
fruit. Usually, this technique has little or no effect on the 
internal concentrations of 0, and ('0 , and a lar£e effect 
on the water vapour prcssur~. usuall~"-resulting Tn a ncar 
saturated package atmosphere. Ben- Yehoshua et al. 

* Department of Postharvest Science of Fresh Produce, and 
.;. Department of Statistics and Operations Research, Agricul

tural Research Organifatlon. TIle Volcani Center. 1'.0. Box 
6. Het Dagan 50250. Israel. 
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(19R3) found that the relative humidity (RH) of the 
ambient atmosphere of scaled pepper fruit was 97'k. 
The atmosphere of the sealed fruit is it result of many 
factors, not the least of which are unintended holes in the 
film. Indeed, these minute holes fllay be an important 
reason for the success of the technique with many COTTI

modities. 
The lTlore complex forms of MAP aim at achieving a 

closely specified ambient atmosphere of the package by 
carefully selecting many relevant parameters and 
orchestrating them harmoniously to rapidly achieve the 
dcsired gas composition. The parameters should be 
selected so that the atmosphere is maintained for as long 
a period as the packaged commodity requires. Thus, this 
type of MAP is more carefully controlled than ('A and 
makes much greater demands since all the controls have 
to be programmed into the package before it is sealed. 

MAP is a multidisciplinary technology of maintain
ing freshness that utilises basic principles of chemistry, 
physics, plant physiology and pathology, microbiology, 
food science, engineering, and polymer chemistry. 
Better understanding of this wide scope will promote 
implementation of the technology. 

MAP technology has developed rapidly over the past 
decade (Gorris and Peppelenbos 1992; Kader et a!. 
19R9; Lioutas 198R). 'Illis rapid development is due to 
two contradictory trends affecting modern postharvest 
handling of fruits, vegetables, and other perishable pro
duce. I) Food distribution in developed countries now 
involves many perishable food itellls, some of which are 



minimally processed; such as shredded lettuce, carrot or 
celery sticks, and fresh salad mixes. Minimal processing 
increases the perishable nature and susceptibility to 
decay and desiccation, and there is consequently a 
greater need for quality and decay control measures. 2) 
There is growing anxiety among consumers about the 
use of synthetic chemicals to protect food from patho
gens and pests to extend the life of perishable produce. 
One of the consequences of this public anxiety is that 
more and more synthetic food protectants such as certain 
fungicides and pesticides are being banned. 

MAP technology. which utilises only the natural 
components of air, has achieved public acceptance due 
to these two trends. MAP has the advantages that syn
thetic chemicals arc not used. no toxic residue is left, and 
there is little environmental impact. particularly if the 
plastic films used can be recycled. 

Recent advances in the design and manufacture of 
polymeric films with a wide range of gas-diffusion 
characteristics have also stimulated interest in MAP of 
fresh produce. In addition, the increased availability of 
various absorbers of 02' CO2 (Kader et al. 1989). water 
vapour (Shirazi and Cameron 1992). and C 2H4 (Ben
Arie and Sonego 1985; Scott et al. 1970) provides pos
sible additional tools for manipulating the microenvi
ronment of MAP. 

There is extensive literature on the benefits of MAP 
and the dramatic extensions of shelf life for various 
foods (see Lioutas 1988; Kader et al. 1989). However. 
there are few papers dealing with the microbiological 
safety needed for successful MAP implementation 
(Genigeorgis 1985; Hintlian and Hotchkiss 1986; 
Palumbo 1987). Future approaches must put consumer 
safety first and freshness second. 

Waxes and other surface coatings have long been 
used in handling fru its ami vegetables (Ben-Yehoshua 
1967; Kaplan 1986). However, because of ever-growing 
public resentment of toxic residues, and adverse effects 
of certain coatings such as off-flavour (Cohen et al. 
1990) and ineffectiveness in preventing weight loss 
(Ben-Y ehoshua et al. 1985). surface coatings were at 
one stage endangered. The emergence of so .. called 
'edible coatings' in the 1980s (Banks 1984a.b; Semper 
Biological Technology 1990) and natural origin coat
ings such as chitosan (Stossel and Leuba 1984; EI
Ghaouth et al. 1991. 1992) has renewed interest in sur
face coatings, and more commercial uses are being 
implemented. This review is not intended to be exhaus
tive. Discussion will focus on those I'ields in which the 
most important developments have oceured. 

Principles of MAP 

MAP is a dynamic systelIl during which respiration and 
permeation occur simultaneously. Factors affecting both 
respiration and permeation must be considered when 
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designing a package. Comillodity mass, temperature, 
02' CO2, and eifel partial pressures. and stage of 
maturity arc known to influence respiration in a package 
(Kader et al. 1989). Type, thickness, unintended holes, 
and surface area of the packaging film. as well as tem
perature. relative humidity, and gradient of CO2 and 02 
partial pressures across the film. are known detemlinants 
of permeation (Ashley 1985). All of these factors inter
act to create equilibrium levels of CO2 and 02 in a sealed 
package. Package equilibrium or steady state is defined 
as the point at which the commodity CO2 production and 
02 consumption rates are equal to the permeation rates 
of the respective gases through a package at a given 
temperature. A poorly designed package will become 
anaerobic or develop unacceptable levels of CO2 before 
equilibrium is achieved. Usually. MAP does not utilise 
the full potential of controlling the ambient concentra
tions of 02 and CO2, An ideal package system will equi
librate and maintain at the levels of CO2 and 02 that are 
known to be optimal for storage. transport, and handling 
throughout the market chain for a specific commodity. 

The beneficial and detrimental effects of MAP were 
reviewed by Lioutas (1988) and Kader et al. (1989). The 
mode of MAP was handled in the review of Kader et al. 
(1989) as well as in other publications of his team. 

Advantages and Disadvantages of Modified 
Atmosphere Packaging 

Advantages 

Reduction of weight loss. desiccation, and 
shrivelling 
Delay of ripening 
Alleviation of chilling injury 
Semicenlraliscd manufacturing optioJls 
Expanded radius of di,trihutioll systems 
Reduction of labour and waste at the retail level 
Quality advantages such as colour, moisture. flavour 
and maturity retention 
Excellent branding options 
Reduction of handling and distribution of unwanted 
or low-grade produce 
Quality advantages transferred to the consumer 

[);sadmnfages 

• Requirement of additional investment in machinery 
and labour in the packaging line 

• Risks of spoiled produce due to improper packaging 
or temperature abuse 
Possible occurrence of new risb of microbiological 
safety due to possihk development of anaerohic 
pathogenic flora 
Plastic films !l1ay he environmentally undesirable 
unless effective recycling is installed 

• MAP technology is still unavailable for most produce 



'Ille mechanism cited most for the favourable result is 
the change in pH related to the concentration of CO, 
(Daniels et al. 1985; Siriphanich and Kader 1986),-

Effects of MAP on Disease Control 

The growth and activity of microorganisms can be 
retarded by elevated CO, and reduced 0, concentra
tions. At ambient temperatures. levels of up "to 20% CO J 

extend both the lag and logarithmic growth phases oj" 
common spoilage organisms by as much as double 
(Daniels et al. 1985). Levels of below 1% 0, and/or 
above 10o/r. CO2 arc needed to significantly ~uppress 
fungal growth (EI-Goorani and Sommer 1981 ). Elevated 
CO, levels (10---15'10) can be used to provide fungistatic 
effects on commodities that tolerate such CO2 levels 
(Kader et al. 1989). 

The growth of almost all aerobic microorganisms. 
particularly the psychrophilic. can be retarded by ele
vated CO, and reduced 0, (Barkai-Golan 1990; Daniels 
et al. 1985). Since a signiticant cause of deterioration of 
fresh and minimally processed produce is the action of 
psychrophilic microorganisms. retardation of their 
growth is highly desirable. 

Individual seal-packaging reduced fruit decay by 
prevention of secondary rot infection which is an 
important factor for fruits. particularly those destined for 
long-term storage or shipment. An individual fruit 
infected by Botrytis. Gcotrichum. or I'hYloflhthora will 
rapidly induee decay in the othcr fruit in the same carton. 
Seal-packaging or MAP also changed the distribution of 
pathogens in citrus. Scaled fruit generally had slightly 
more stem-end rots and fewer mou Ids than those 
unsealed. The pathogens. particularly quiescent ones, 
generally start to deveillp rapidly in the humid atmos
phere. Consequently, the balance between host and 
pathogens may. at times. favom the pathogen. and decay 
percentage rises. For this reason. adequate decay control 
of sealed fruit may be of paramount importance (Ben
Yehoshua 1991). 

MAP by itself may sometimes be ineffective in con
trolling decay. TIllJs. additional methods to combat dis
eases in packages should be sought. Scaling in 
polyolcfin Cryovac MD film of Oroblanco citrus fruit, 
combined with hot-water treatment. achieved reduction 
in both decay and sensitivity to chilling injury. Combi
nation of seal packaging and curing (:16°C, :I days) 
reduced decay and sensitivity to chilling injury. healed 
injury, and extended the life of citrus fruits. TIle mode of 
action of curing was shown to be through: i) thermal 
inhibition of the pathogen; ii) induced synthesis of 
lignin-like materials which form a mechanical barrier to 
the invasion of the pathogens, and iii) preventing the 
degradation of natural antifungal substances. 

Combined illlazalil treatment and seal-packaging of 
citrus and pepper fruits enabled a marked reduct ion of 
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decay. The imazalil could be applied in several ways: as 
a dip, spray, or by incorporating the imazalil into the 
plastic films. The films serve as a slow release reservoir 
of the fungicide to the produce. thus reducing the residue 
on the produce (Ben Yehoshua and Nahir 1977; Ben
Yehoshua et a1. 19S7; Miller and Risse 19S5). 

'Ille film acts also as a physical barrier to slow the 
dissipation of volatile fungicides, such as irnazalil. 2 
aminobutane, and diphenyi. MAP thereby produces a 
microatmosphere that can be enriched with a suitable 
volatile fungicide so that the seakd enclosure forms a 
fumigation chamber to control decay over a prolonged 
period. Such action might be of great importance in 
controlling the pathogens that cause stem-end rots. 
These pathogens are located deep in the fruit tissue. 
below the button, a site dilTicult to reach with fungi
cides. 

Risks in Utilising MAP 

Fruits and vegetables arc characterised by an elaborate 
microflora. consisting of many different types of micro
organisms, most of which arc invol ved in the spoilage or 
pf()(\uce but arc harmless to humans. Microorganisms 
that arc a hazard to humans usually cannot establish a 
dangerous population density because they have to 
compete with thc spoilage and other micro!lora. HllW
ever, MAP changes the micro-environment of the 
microorganisms and Illay well impair this balance. One 
incidence of the growth of such toxins in shredded cab
bage led to a study by the U.S. Food and Drug Admin
stration (FDA) which delllonstrated that the toxin could 
be developed if a high enough inoculum and tempera
ture were present and enough time were pemlitted (sec 
Brody 1991). 

Rclrigerated MAP slows the growth of spoilage !lora, 
most of which arc mesophiles and grow best at temper
atures between 20 and 40°(', and reduces their competi
tive capacity. Psychrophylic pathogens like Ycrsinia 
enteroco/iTica, LisTcria mOflocytogefles, Aeromonas 
hydrophilia. and Clostridium ho/U/inum, which are able 
to grow at temperatures as low as :I-5°C. may then get 
a chance to proliferate (Hintlian and Hotchkiss 1986; 
Palumbo 1987). If inappropriate temperatures arc used. 
even mesophylic pathogens such as STaphylococcus 
aurCllS, Baci//us cercus. Sa/molle//a spp., and Vihrio 
parahaemo/YTicus may develop rapidly. especially on 
meat. fish. or dairy products (Brody 1985; Genigeorgis 
19X5; Hintlian and Hotchkiss 1986; Palumbo 1987). 

Absence of 0, creates conditions for the growth of 
anaerobic microorganisms, some of which may be path
ogenic. Furthermore, by suppressing aerobic microbial 
growth, competition for anaerobes is diminished. leav
ing almost ideal conditions for anaerobes when the tem
perature is above 4°C. spores arc present, and sufficient 
time elapses. Aerobes may also be suppressed by mild 



heat, i.e., pasteurisation or heat filling which, coupled 
with low oxygen. can create an ideal anaerobic growth 
environment with only temperature as the barrier to 
prevent vegetative growth and toxin formation. 'Thus, a 
variant of MAP with mild heat. which is highly benefi
cial for quality retention, can create a condition of 
potential hazard, a subject of concern from a microbio
logical safety pcrspective. The situation is aggravated 
when the basic rules of sanitation and control are vio
lated. 

Contamination of fresh vegetables with large loads of 
pathogenic anaerobes in unsanitary minimal processing 
operations would be an example of applying undue 
microbiological stress to minimally processed produce, 
another instance of the need to integrate the many disci
plines involved in achieving the desired benefits of 
MAP. Thus, good reason exists to attempt to maintain 
sorne level of OJ in proximity to the packaged food. 
Recent packaging material developments are directed 
towards overcoming the problem of 02 starvation 
(Cameron 1989; Cameron et al. 1989). 

On the positive side, it should be pointed out that there 
have. in recent times, been almost no reports or poison
ing by fmits and vegetablcs held in MAP. The effects of 
MAP on microorganisms antagonistic to pathogenic 
microorganisms warrants study. 

MAP Application for Fruits and 
Vegetables 

MAP of fmits and vegetables has been reviewed by 
Geeson (1989). Zagory et al. (19X9), Kader et al. (1989), 
Prince (1989) and Gorris and Peppelenbos (1992). 
Scal-packaging in particular was summariscd by Bcn
Yehoshua (1991). A brief discussion on the MAP or 
fruits and vegetables will be presented here. The most 
common plastic films utilised for fruits and vegetables 
are low. linear low, or high density polyethylene and 
PVC films. Recently, various new films have been used 
for packaging fruits and vegetables to minimise respira
tory anaerobiosis and potential microbiological hazards 
(sec Brody 1991). 

Despite many advantages of seal-packaging, adoption 
of this technique has been rather slow in countries 
dependent on machinery to apply it, and the technique 
has not yet reached its full potential. Possibly. non
availability of fast and reasonably-priced equipment, as 
well as the cost of the film, are the main reasons limiting 
the commercial adoption of seal-packaging. However, 
in China and Japan, where the film packaging is applied 
by hand, this technique has been adopted rapidly. In fact, 
Professor Huang Bangyan (pers. comm.) from the Chi
nese Academy of Science, Guangzhou, has reported that 
seal-packaging has become a common new technique 
for citrus fruit storage in China and its application has 
reduced postharvest losses and given good economic 
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returns. Kawada and Kitagawa (1988) reviewed the 
current use of plastic rilm in the storage of citrus and 
other fruits in Japan. They maintained that plastic film is 
one of the most powerful and economical tools for min
imising weight loss and when several factors are refined, 
it can prolong fruit life by a controlled atmosphere 
effect. In recent years, the use of plastic film in produce 
packaging has increased greatly. 111is is due mainly to 
the rapid development of new films and packaging 
technology, together with changes in produce market
ing. 

Sealed packages of many fruits and vegetables are 
commonly available on the shelves of supermarkets. 
However, this sealing was applied in many cases just 
before the display of the produce in the supermarket and 
not. as is preferable just after harvest. MAP has great 
advantages in developing countries because it can eco
nomically be done by hand saving the high cost of new 
machinery. Additionally, the need there for such a tech
nique is much greater because of the dearth of refriger
ated storage. 

Recently, many more commodities have been scaled 
in MAP, including apple (Geeson and Smith 19X')). 
asparagus (Aharoni et al. 1990), bell pepper (Rodov et 
al. these proceedings), blueberry (Beaudry et al. 1992: 
A.C. Cameron et aI., unpublished data). broccoli (Aha
roni et al. 1985), bush berry (Kader et al. 1989), cucum
ber (Ben-Yehoshua et al. 1978), eggplant (Temkin
Gorodeiski et al. 1990), fresh herbs (Aharoni et al. 
1989), guava (Combrink et al. 1990), kiwifruit (Ben
Arie and Sonego 1985), lettuce (Ben-Yehoshua et al. 
19(7), mango (Rodov et al. these proceedings), mush
room (Burton et al. 1987), muskmelon (Lester and 
Bruton 1986), pear (Geeson et al. 1991). persimmon 
(Ben-Arie and Zutkhi 1992: Pesis et al. 19X6), straw
berry (sec Kader et al. 1989), tomato (Shirazi and 
Cameron 1992), and other commodities (Kader et al. 
19B9; Kader, these proceedings). 

It appears that simple sealing of produce in plastic 
film is still the major commercial application of MAP. It 
is expected that the future may bring more precise COIl

trol of 02 and CO2 into practice. 
Cleaned and cored, trimmed and precut lettuce were 

successfully packaged using ethyl-vinyl-acetate/low 
density polyethylene (EV A/LDPE) film. The film per
mits a guaranteed life of 2 weeks for precut lettuce 
stored at 0-2°C. Uncoated oriented polypropylene is 
now being employed, particularly in Europe, for mixed 
cut green salads packaged in serving-sized pouches with 
air to modify the internal environment by natural respi
ration. Other fresh produce items being packed for dis
tribution are chopped onions. green peppers, carrot 
sticks, and celery (see Brody 1991). 

One of the novel approaches in MAP of fruits and 
vegetables is the introduction of a gas mixture of desir
able composition into a package before sealing. 



Researchers at The University of British Columbia 
(UBC), Canada have been developing systems in which 
freshly cut fruits or vegetables were reduced in temper
ature to O°C and exposcd to mixtures of low 0) high 
CO, including argon, Some of the exceptional quality 
retention periods reported by UBC have been confirmed 
by researchers at The Liquid Air company, About three 
years ago, this company evaluated the potential usc of 
'non-conventional gases for MAP applications, 
Emphasis was placed on gases belonging to the helium 
group, i.e., argon, neon, krypton, and xenon (see Brody 
1991 ). 

The Liquid Air Clllnpany conducted experiments with 
foods in standard MAP conditions. In one scries, sliced 
tomatoes were placed in gas mixtures containing either 
15 or 8% 02 with the balance nitrogen or argon. The 
CO2 production rate observed differed markedly 
depending on whether the gas mixture contained nitro
gen or argon. Whereas in cases of argon-containing 
mixtures, the CO, production was inversely propor
tional to the 02 depiction, in N2-containing mixtures, the 
CO, production was more intense, and its concentration 
rcached very high levels at the end of the test (sec Brody 
1991). 

Although the reasons for such differences between 
gas mixtures containing argon and those containing 
nitrogen arc not yet entirely understood, the much 
higher solubility of argon in water as compared with 
nitrogen is a possible explanation. The possible inter
ference of argon with chemical or enzymatic 02 receptor 
sites is not to be excluded as these two gases have almost 
identical moleeular diameters: 3.8 angstroms and 4 ang
stroms, respectively. 

Modified Humidity Packaging 

RH in a plastic package is usually very high. Small 
fluctuations in thc storage temperature may result in 
condensation, which would greatly increase the prolife
ration and spread of spoilage microorganisms (Grierson 
and Wardowski 1978). Thus, reducing the in-package 
RH to an optimal amount may be critieal for the success 
of MAP of fresh produce. Shirazi and Cameron (1987) 
introduced the concept 'modified humidity packaging'. 
They also studied (Shirazi and Cameron 1992) the fea
sibility of controlling RH in MAP using compounds 
possessing Type III sorption isotherm behaviour. Ten 
grams each of CaCI" sorbitol, NaCl, xylitol, and KCI 
sealed with one matllre green tllll1ato fruit at 20°C in 
simulated packages for 48 days resulted in stable RH of 
35, 75, 75, 80, and 857(, respectively. RH was a func
tion of the ratio of chemical to fruit mass. RH in the 
control was in the range 96-100\;;. throughout the 
experiments. These investigations described a simple 
system that uses spunbonded polyethylene pouches for 
the application of this humidity control method to 

packages. The storage life of packaged red-type tomato 
fruit at 20°C was extended from 5 days using no pouch 
to 15-17 days with a pouch containing NaCl, mainly by 
retardation of surface mould devclopment. The tech
nique of controlling in-package RH is independent of 
outside RH. 

Rodov et al. (these proceedings) verified the observa
tion that addition of salt to sealed pepper in a tray 
reduces decay markedly. 

Interactive and Microporous Films 

MAP application may require packaging materials 
capable of passing controlled quantities of water, 02' 
CO2, and C 2H4 in order to control the concentrations of 
these gases in the internal package environment and to 
avoid anaerobiosis. Thus was born the term, 'smart' 
packaging, or packaging that could somehow sense the 
changing internal packaging environment and admit 02 
from the outer atmosphere, allow excess CO2 to escape, 
or both. 1l1is terminology then translated into active 
packaging which encompasses a broad spectrum of 
materials sensitive to the packaged produce require
ments and its surrounding environment. The latter group 
includes families of package supplements such as in
package sachets of chemicals to absorb 02' C2H4, or 
CO2 and even to provide 02 or CO2 when the package 
environment has been depleted of the desired gas (Angel 
et al. 1992; Ben-Yehoshua 1985; Kader et al. 1989). 
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Microporous films which are engineered to pass low 
molecular weight gases such as CO2, 02' water vapour, 
nitrogen, etc., expressly for the purpose of adjusting the 
gaseous concentration within the package, generally fall 
into two categories: those which are intentionally perfo
rated with very small orifices which pass gases at a very 
slow rate relative to the total area; and those which con
tain intentional additives that interfere with the continu
ity of the plastic materials and thus alter their gas 
transm ission rates (see Brody 1991). 

Those films exhibiting high gas permeability by 
virtue of their nature or by reason of being polymeric 
blends are technically not microporous. Among these 
are high (6-18% ) EVA content polyethy lene films such 
as Shields Bag or Cryovac, or polycyclic terpene film 
produced in the past by Bunzl in the U.K. Both are 
reported to have 02 permeabilities of more than 6000 
mLlm2/day at standard temperature and pressure (STP). 
Phillips K-resin block copolymer styrene film and Dow 
Chemical's Attane ultra-low-density ethylene octane 
copolymer films with transmission of over 13,000 mLi 
m2/day STP are also being suggested as high gas 
permeability packaging materials for MAP of respiring 
produce (sce Brody 1991). 

The concept of a packaging material with 02/C02 
transmissions compatible with the ·needs' of the con
tained produce has been advanced. Two basic types of 



film materials have been prosposed, tested and to some 
extent, introduced on a commercial scale: microperfo
rated and mineral filled, 

Microperforatcd films include those of Courtaulds 
and Curwood. The Courtaulds film. designated P-PLUS. 
is manufactured by perforating a polyolefin film with 
very tiny orifices using laser beams. According to 
Courtaulds. permeabilities to 02 and CO2 range from 
6000 to 300 (X)O mUm2/day/atm. Courtaulds claims 
their P-PLUS films represent a range of base film sub
strates displaying pemleabilities precisely matching the 
demands of the produce. The gas permeabilities arc 
designed to balance the respiration rate of the produce 
being packed. 

Curwood has introduced laminations of 0.00035-
O.0(XJ48 inch gauges polyester and linear LOPE film 
which has bcen microcut. These microcuts permit better 
flow of oxygen and CO2 and thus minimise the prob
ability of respiratory anaerobiosis. 

The two most popular microporous materials are 
those of van Leer (Belgium) and FreshHold (USA) with 
thc lattcr rccciving major media covcragc. In this type of 
material, the plastic polymer is admixed with an incrt 
inorganic mincral such as crushed calcium carbonate or 
talc. The mineral fill is encapsulated in discrete particu
lates by the polymer and imparts a variety of properties 
such as stiffness. 

Perforation Effects 

Perforated films enable MAP that allows the build up of 
H20-saturation with only a slight change in 02' CO2, 
and C2H4 (Geeson 1989; Ben-Yehoshua 1991). These 
facts may be explained by considering the number of 
relevant molecules in gas exchange of bell-pepper fruit. 
One kg of pepper evolves 79 x 1020 molecules of H20 
and 3.0 x 1020 molecules of CO2 and consumes 3.0 x 
1020 molccules of 02 per hour at 17°C and 85% RH. 
Thus, for each molecule of CO2 or 02' 26 molecules of 
H20 arc available for exchange. Furthermore, the access 
of each one of these molecules to the pores is similar and 
the molecular weight of these gases. which detemlines 
their relative rate of movement. is also quite similar. 
Consequently, although most of the molecules moving 
out arc those of water, the large number of water mole
cules available for movement still allows the build up of 
the ambient RH to be nearly saturated. However. these 
pores are able to allow the relative small number of 02 
and CO2 available for movement to be exchanged so 
that the pores prevent markcd changcs in thc conccntra
tions of 02' and CO2, 

Perforation retains many of the good results of sealing 
in reduction of water loss and alleviation of water stress, 
without the possible deleterious effects of anaerobiosis 
such as off-Ilavours. fermentation. or CO2 damage. 
Furthermore, perforation of polyolefin film enabled 
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attainment of some of the advantages of seal-packaging 
of Tommy Atkins and Keitt mango fruits without inhib
iting the ripening process that occurs in sealed fruit that 
was not perforated, as shown by Rodov et al. (these 
proceedings). Micro-perforated packaging techniques 
have also proven effective in retarding deterioration in 
several other crops, e.g. discoloration of washed par
snips, and improving sugar retention in sweetcorn 
(Geeson et al. 1988). Additionally, perforation enables 
MAP for highly respiring produce such as mushrooms 
(Burton et al. 1987). Perforation may also enable MAP 
for produce that is sensitive to even small changes in 
concentrations of 02' CO2, and C2H4. 

Packaging Modelling 

In order to reduce the time needed to develop a package, 
the use of packaging parameter prediction. i.e. a mathe
matical model, is highly desirable. Such a model may 
replace the method of 'Pack and Pray' with planned and 
programmed research attempting to match the best film 
to the commodity. Mathematical models based on the 
characteristics of films needed to generate or maintain 
optimum internal concentrations of metabolic gases 
would help greatly to maximise storage life of perisha
ble produce. Such information would be valuable to 
manufacturers and users of films by helping them to 
assess and establish priorities in the selection, develop
ment, and synthesis of packaging materials. Several 
models have been discussed in the recent literature 
(Cameron et a1. 1989; Emond et a1. 1991; Mannapper
uma et a1. 1989; Lee et al. 1991). All are based on earlier 
work by other researchers. 

The first step in modelling the packaging system is to 
find mathematical equations that adequately describe 
the processes of respiration and permeation. The pack
age permeability to the gases is treated in most models 
as a physical process which obeys Fick's Law, i.e. the 
rate of material exchange between the internal and 
external atmospheres is proportional to the concentra
tion difference in these two compartments. 

Mannapperuma et al. (1989) developed a model for 
MAP in equilibrium conditions and showed that in this 
case there is a linear relation between oxygen and CO2 
concentrations, subject to a constant respiratory quo
tient. 

Lee et al. (1991) were the first MAP modellers to treat 
respiration as a biochemical phenomenom in terms of 
enzyme kinetics. They assumed that CO2 plays the role 
of inhibitor of the enzymatic reaction, and used the 
equation for uncompetitive inhibition mechanism. In 
this case, the rate of reaction (r) is equal to 

where C 1 is the substrate concentration (which is 02 



concentration in the case of respiration), V m and K Mare 
parameters of the classical Michaelis-Menten kinetics, 
Ym being the maximal rate of enzymatic reaction, and 
KM is the Michaelis constant, C2 is the inhibitor con
centration (C02 concentration in the case of respiration) 
and Ki is the constant of equilibrium between the 
enzyme-substrate-inhibitor complex and free inhibitor. 
Combining this equation with Fick's Law for 02 and 
CO2 pemleation, Lee et al. (1991) obtained a set of dif
ferential equations representing the mathematical model 
for the modified atmosphere system. They estimated 
parameters of this model (V m' K M' and K) from experi
mental data and then performed numerical calculation of 
the equations. 

Cameron et al. (1989) used a simple Michaelis
Menten equation with no inhibition (Ki = 0), and intro
duced exponential dependence into the parameters Viti 
and KM to study 02 and CO2 concentration in MAP as 
functions of temperature. They attempted to predict the 
conditions in which an anaerobic atmosphere would 
exist in the package. 

Fishman, Rodov, and Ben-Yehoshua (unpublished 
data) investigated a dynamic model for MAP based on 
Fick's law and the Michaelis-Menten equation. 
According to the model's prediction, the CO2 time 
course for most plastic films does not reach steady state 
smoothly but rises to a maximum and then declines to an 
equilibrium level (the overshooting effect). This phe
nomenon was confirmed experimentally. This maxi
mum may mislead researchers searching for the 
equilibrium conditions needed in model studies. 
Accordingly, in a MAP study of equilibrium conditions, 
consideration should be given to the fact that the MAP 
system may be in the transient period for a considerable 
time with the CO2 concentration temporarily exceeding 
that of the equilibrium. The increment between maxi
mum and equilibrium states of CO2 concentrations 
depends on the numerical parameters of the system. The 
predictions of this model regarding 02 and CO2 were 
found to be correct. 

Their model was designed to check effects of perfo
ration on the concentrations of 02' CO2, and H20. The 
model showed that, in a tray holding 4 pepper fruit and 
with a hole ofO.25 mm, the RH was nearly saturated but 
the concentrations of 02 and CO2 were close to that in 
air. 

Surface Coatings 

Types of coatings 

The practical application of coatings to fruits and veg
etables after harvest has a long history. In China, as early 
as the 12th or 13th century, oranges, mandarins, and per
simmons were dipped in molten waxes (see Zhuang 
1986). Nevertheless, coatings did not attain commercial 
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use in storage of perishable produce until the 1930s 
(Kaplan 1986). Many coating formulations have since 
been introduced and applied commercially for different 
produce. Coatings are mainly classified as follows. 

Solvent wax. A wax based on one or more resins dis
solved in a blend of petroleum solvents with plasticisers 
and film-forming agents added to improve shine and 
film tlexibility. TIle solvent readily evaporates and a 
thin film is left on the surface of produce. 

Wafer wax. There are two kinds of water waxes, i.e. 
resin solution and emu lsion based. Resin solution waxes 
are composed of one or several soluble resins or resin
like materials, such as shellac or natural gums. They can 
be dissolved in water with or without the aid of other 
water miscible solvents such as alcohols and glycerine. 
Emulsion waxes are composed of a natural wax such as 
Camauba or paraffin, or a synthetic wax such as oxid
ised polyethylene emulsified in a soap or detergent. The 
introduction of high density polyethylene into wax for
mulation in Israel in 1960s resulted in greater storage 
life of the waxed produce. It has since gained much 
popularity in most countries, especially citrus-producers 
(Ben-Yehoshua 1967, 1991). 

Other coatings. Several so-called 'edible coatings' 
were formulated in the early 1980s. Of these, Tal Pro
long and Semperfresh are best known (Smith and Stow 
1984; Semper Biological Technology 1990). A chitosan 
coating has been introduced recently (El-Ghaouth et a!. 
1991,1992). 

The present state of the art 

Coatings can to some extent reduce decay of produce. 
In many of these cases, coated fruit had less decay and 
longer storage life than uncoated samples (Ben
Yehoshua 1967; Curtis 1988). Decay control activity of 
a coating was much improved by adjuncts such as fun
gicides. However, there are at least two problems in the 
addition of fungicides. Fungicide may not be miscible 
with the coating solutions, particularly in the case of 
solvent waxes, and the application of fungicides may not 
meet the regulations set by the importing countries, 
especially for those peel-edible fruits such as apples and 
peppers. 

Recently, EI-Ghaouth et al. (1991, 1992) reported that 
chitosan coating could control the decay of strawberry, 
cucumber, and bell pepper fruits. Chitosan by itself can 
inhibit spore germination, germ-tube elongation, and 
radial growth of certain fungi (Hirano and Nagao 1989; 
Stossel and Leuba 1984). In addition, chitosan may 
induce defence enzymes such as chitosanase, chitinase, 
or ~-I ,3-glucanase. Chitosan also induces the accumu
lation of the phytoalexin pisatin in pea pods (Walker
Simmens et al. 1983). Chitosan has no human toxicity 
(Arai et al. 1968) but has an unfavourable smell (EI 
Ghaouth et al. 1992). 



Chilling injury can be alleviated by coating. Waxed 
Oroblaneo fruit (Citrus gralldil xc. paradisi) had sig
nificantly lower chilling injury incidence than unwaxed 
samples when stored at 1°C for 40 days. 

Fruits of some deciduous trees are susceptible to a 
wide range of physiological disorders. Modification of 
internal atmosphere by the use of coatings somctimes 
increases the disorders associated with high C07 and 
low 0 7 concentrations, such as core-tlush, fresh br()wn
ing, a~d breakdown of po me fruits (Meheriuk and Lau 
19RR). On the other hand, reductions in the incidence of 
scald and bitter pit in Cox's orange pippin apples and in 
breakdown and scald of pears have been reported (Smith 
et al. 1987). Thus. coating should be checked carefully 
before large-scale implementation. 

Fruit tlies are restricted by quarantine authorities of 
many importing countries. Before fruit are exported 
they must be treated to eradicate the flies. Coating of a 
standard commercial fruit wax containing the insect 
growth regulator methoprene can kill the adults of 
oriental fruit tly (Saul et al. 1987). 

Effects of coating application on the quality of fruit 
have been found. Finnness, colour, texture, acid con
centration, and ripening process are intluenced todif
ferent extents by coatings (Ahmad and Khan 19R7; 
Farooqi et al. 1988). The magnitude of effects is related 
:0 the degree of atmosphere modification, and may also 
be cultivar- and temperature-dependent. For pears, the 
effects of coaling application are variable (Drake el al. 
1991). For banana, Tal Pro-long coating can delay 
ripening and chlorophyll loss (Banks I 984a,b). One 
percent Pro-long delayed ripening of Alphonso mango 
primarily by inhibiting the development of yellow peel 
colour and delaying some of the ripening changes 
(Krishnamurthy 1989). 

Mode of action of coatings 

The primary objective of coating use is to reduce 
weight loss and shrinkage. Consequently, weight loss 
reduction has been recommended as the most important 
criterion for evaluating a coating fornlUlation. Unfortu
nately, the commercial practice of coating fruits inade
quately reduces transpiration, but is so effective in 
restricting 02 and CO2 transport that it may result in 
anaerobic respiration and off-tlavour development (Ben 
Yehoshua 1967, 19(9). 

Ben-Yehoshua et al. (1985) investigated resistance of 
either waxed or individually scaled citrus ffllits to C2H4, 

02' CO2, and H 20 mass transport, anatomically by 
scanning electron microscopy. and physiologically by 
gas exchange measurements at steady state. Stomata of 
harvested citrus fruits are essentially closed. However, 
ethylene, 02' and CO2 still diffuse through the residual 
stomatal opening where the relative transport resistance 
depends on the relative diffusivity of each gas in air. 

257 

Water vapour. on the othn hand, Illoves preferentially 
by a different pathway. probably through the cuticle. 
The water conductance is 60-fold greater than that of 
other gases. During the coating operation the liquid wax 
!lows into stomatal openings and partially or completely 
plugs the stomata, effectively restricting the transport of 
02' CO2, and C2H4. An intermittent discontinous layer 
is formed on the fruit surface after wax ing. Contrary to 
the marked effects on resistance of 02' CO2, and C2H4• 

waxing results in inadequate reduction of water difus
sion outside of the fruit. Individual scaling of fruit with 
high density polyethylene films reduced water transport 
by 90% without substantially inhibiting gas exchange, 
though the thickness of the plastic film was 15 J.lIl1 
whereas that of the discontinuous wax layer was less 
than I J.lIl1. This ditTcrence in effects of sealing and 
waxing explains the great risk that waxing may bring in 
restricting gas exchange by clogging the stomata. 

Banks (1984a) found that Tal Pro-long coating could 
modify the internal atmospheres of bananas by reducing 
the penneability of the fruit skin to gases. Permeability 
of control fruit to CO2 was greater than that to 02 and 
C2H4, and this differential penneability was enhanced 
by coating. He suggested that CO2 moved via pathways 
involving water and/or lipids, i.e. via the epidermis and 
cuticle. 

Problems and prospects 

Although coatings have been widely used for more 
than 50 years, [here exist several problems which impede 
their application. First. clIrrent consumer trends toward 
additive free diets may disadvantage coatings. In recent 
years, this process has been attacked by consumers who 
see it as a potential threat, and the U.S. FDA has 
responded to those fears by requiring labeling of fruit 
with the listing of each ingredient in the formulation and 
posting it at the retail level (Anon. 1992). Second, coat
ings sometimes inadequately reduce transpiration. but 
yet are effective in restricting 02 and CO2 diffusion, 
which may cause off-tlavours to develop. Additionally. 
coating fosters some physiological disorders such as 
superficial scald in D'Anjou pears. Both of the latter 
phenomena are related to the permeabi I ity of coatings to 
gases and water vapour. The emergence of edible and 
natural origin coatings has renewed the interest in sur
face coatings, and greater cOllllllerl'ialuse is anticipated. 
Additionally, as a relatively low cost technology, coat
ings may havc more potential in developing countries 
where refrigerated storage is not affordable. 
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Preharvest Effects on Postharvest Quality 
of Subtropical and Tropical Fruit 

P.J. Hofman and L.G. Smith* 

Ahstract 

Fruit quality is largely dt.'lermirll'd before harvest, while postharvest treatlllcnb arc gencrally aimcd at maintaining 
this quality. Therefore an understanding of the effccts of preharvest practiccs on quality is importan!. particularly 
in relation to storage. Preharvest factors can intluence mosL if not all, quality parameters. Evidence of effects on 
visual appearance (size, colour, blcmisl1l's), eating quality (Oavour, texture), storage potential (ripening, physio
logical disorders. discase), and tolerance to physical disinfection and disinfestation control measures (heal, cold) 
arc presented for subtropical and tropical fruit. General relationships were noted in tempcrate and tropical fruit 
bdween nitrogen and colour. disorders, and postharvcst disease; fruit sill' and tinnness, calcium. and disorders: 
calciulll and ripening. disorders, and disease: and calciulll. magnesium. and potassium. Ways of improving stor
age potential through fruit mincrals are discussed. Such improvements could fesult in reduced postharvcst inputs 
(storage and diseasc control). 111ere is potential for predictive models I'll" storage potential of tropical fruits based 
on minerals, as currently exists for disorder prediction in apples. However, consideration should be given to tile 
interactions between management practices and the various balances that exist in plants, and the compromises 
often required in producing a quality product. 

THL majur fruit and vegetable quality factors are 
appearance, texture, tlavour, nutritive valuc, and safety, 
with many components to each of thesc. Shelf and stor
age life may also be considered a quality parameter for 
product handlers. Most (ifnot all) quality parameters are 
significantly intluenced by growing (preharvest) condi
tions. Monsclise and Goren (191'17) stated that the prc
harvest lactors having greatest innuence on quality arc 
climate, nutrition, and plant growth regulators (PGRs). 
Secondary factors, such as soil quality and management, 
rootstock, ilTigation, pruning, and crop load manipula
tion operate at least in part through the major factors, 

n,l'l'e ha, been extensive research on the prcharvcstl 
postharvest interactions in tempcrate fruit and vegeta
bles, and a number of reviews written (e.g, Winsor 1979: 
Fergusun I ')1'10; Shear 191'10; Sharplcs 191'14; Beverly et 
al. 1993). Relatively little has been d()l1e on subtropical 
and tropical fruit (hereafter referred tu jointly as tropi
cal), although an increasing number of reports are indi
cating similar cffects on these fruit (Campbell and 
Willianls I'nx; M,lllselise and Guren 191'17; Burdon ct 
al. 1 '.I') I. Li/ada '991). Thi:; review summarises the 
impo11:l!li Interactions observed in tropical fruit, with 
relevant information from temperate fruit. Several 1'ac-

Y Horticulture Postharvest Group, Departmcnt or Primary 
industries, 19 Hercules Street, Hamilton, Queensland 4007, 
Al::-,traild. 
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tors with obvious effects on quality will not be men 
tioned, such as thc effects of variety and maturity on 
colour and eating quality. 

Quality Parameters 

Visual appearance 

Fruit size is a major determinant of plant yield, but is 
llf'tcn not quantified despite its importance as a quality 
parameter. Many production factors will affect size, 
usually through assimilate production and competition, 
and there is a strong relationship between fruit number 
and size. Fruit si/l' is also important in firmness and 
physiological disurders. These arc c,lllsidered later in 
the paper. 

Fruit shape can be an important quality component 
when this deviates from consumer preferences. Tern~ 
perature, particularly during early fruit development, 
can cause variations in fruit shape in 'Shamouti' oran,~'" 
(Monselisc and Goren 191'17). TemperatuIe, high pota'. 
sium (K). soil type, rootstock. and ).'ihnerellin (G.' 
application can also cause unclcsrrabk thick peel and 
puffiness in citrus (Pantastico 1975; Monselisc and 
Goren 19R7), Cytokinin and GA application during 
early fruit development can alter apple fruit shape (Wil
liams and Stahly 1969)' and Cultar® spray appl ication 
to avocado may have similar cl'fccts. '\ utritional and 



temperature effects may be mediated through endoge
nous PGRs. 

Fruit ctllour is strongly affected by radiation and teill
perature. Thus, factors which improve fruit exposure. 
such as nnrth-facing (southern hemisphere), oUTside and 
top Cln0py, pruning and plant spacing, will often have 
beneficial effects on colour (assuming no sunburn). 
Nutrition can also have a direct effect. High nitrogen (N) 
is generally associated with a maintenance of green 
colour. and this has also been noted in mango (Smith 
19X9). :\itrogen application close to citrus harvest 
increases green colour and retards degreening after har
vest (Pantastico 1(75). High fruit calcium (Ca) concen
trations in mango wi II also retard green colour loss during 
ripening (Wills et al. 19XX). These responses generally 
renect a maintenance of chlorophyll and/or retardation in 
other pigment expression, and a general delay in senes
cence. Preharvest PGR applications, such as GA and 
2,4-D sprays lm citrus (EI-Otmani and Coggins 1(91). 
retard colour loss through similar mechanisms. 

Blemishes can result rrom rubbing, and insect and 
pathological activity. 'Physiological' blemishes result 
from a number of causes. but are often associated with an 
inability of the skin to maintain integrity and strength 
during fruit filling, resuiting in cell damage and brown
ing. For example. maturity broming in banana is thought 
to result rmm too rapid fruit expansion and disruption or 
epidermal cell integrity. I t is particularly severc in 
northern Australia when fruit mature during March to 
June. It develops on the fruit surface a few weeks before 
harvest, becomes more intensive as the fruit fills, and can 
cause skin splittlI1g along the ridges in severe cases 
(Daniells 19R5). It is also more severe with moisture 
stress during early fruit growth. followed by adequate 
moisture during the latter stages (Daniells et al. 19X7), 
and with hoI, humid. overcast conditions (Campbell and 
Williams 1(76). Campbell and Williams (197R) noted a 
weak association with low Ca and magnesium (Mg). 

Some direct mineral responses on skin have been 
identified. Application of potassium (K) to citrus will 
reduce sl'vnity of skin crcasing through a stimulation of 
peel growth (Baldry et al. It)X2). Bmon applicatioll has 
often been associated with a reduction in skin splitting ill 
temperatc fruit (Claypool 1')75), but this has not been 
confirmed in tropical fruit. Also, rainfall immediately 
before harvest of 'Kensington' mango has been consis
tently related to increased skin browning following 
brushing or hot water dipping for disease control. 
Increased sl'nsitivity is probably a result of increased 
turgor pressure in epidermal cells. resulting in greater 
cell rupture during these physil'al treatments. 

Flavour 

Flavour is intluenced by assimilate supply and com
petition, so that factors such as tree health and lcaf:fruit 
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ratio are important. The PGR effects on mango when 
sprayed well before maturity [GA decreased (Khader 
1(91) and Cultar@ increased (Khadcr 19(0) total sol
uble solids (TSS)/acid ratio] may also act through 
assimilate competition. Of the mineral nutrients, only 
K has been shown to have a consistent effect on fla
vour, through increased acidity. This has been shnwn 
in temperate fruits, but is particularly strong in citrus 
(Moss 1972; Baldry et al. 1(82). This does not apply to 
banana, where high K has often been associated with 
reduced acidity, but increased soluble solids (SS) 
(Mustaffa 1 l)X7; Munasque et al. 1 (90). Nitrogen is 
often associatcd with llavour in temperate fruit, and 
was shown to improve flavour in citrus (Baldry et a!. 
1982). 

For non-seasonal crops such as pineapple, fruit 
developing through the winter months in the cool grow
ing areas will have reduced eating quality through lower 
sugar/acid ratios. This can be minimised by microcli
mate effects slIch as planting on northern slopes (south
ern hemisphere J. Withholding irrigation during the last 
few weeks of maturation of mango to increase SS has 
become a widespread practice in northern Austral ia. 
Effects on other quality parameters such as storage 
potential and disease incidence are not known, but may 
be detrimelltal (see 'Shelf and Storage Lit·e'). 

Firmness and texture 

Firmness and texture can be indirectly or more 
directly affected by production practices. Indirect 
effects may be through a general negative relatinnship 
betwccn fruit si7e and l"irmness (e.g. Manmo et a!. 19Wi: 
Palmer et al. Il)l) I) for those fruits where cell division 
stops early in devclopment. Thus. field treatments that 
affect fruit SilC predominantly (though perhaps not 
intentionally) through increasing cell size may haY<: 
detrimental effects on firmness. 

Calcium is the mineral mostly associated with direct 
effects on fruit firmness (see for example, Fallahi et al. 
1985a). This association has not been universally 
observed hO\vever. which probably indicates that other 
factors (e.g. fruit si/.c) interact with firmness. Most rd
erences to rirmncss in tropical fruit rebte to the signifi
cant effect Ca has in delaying softening during 
ripening. 

Shelf and Storage Life 

Shelf life as used here refers to maximulll life at room 
temperature. and storage life, at reduced (cold) temper· 
ature. Shelf life is usually limited by ripening and/Or 
disease. while physiological disorders (often referred to 
as chilling injury) arc also important in storage life. 



Premature ripening and softening 

Thl'fe can be considerable intrinsic variation in shell' 
and stmage lire of fru it. For oaillple. Sill ith et al. ( 1(92) 
iloted variations of 4 to 26 days in the shell' lik of avo
cados from one orchard block at one harvest. There Illay 
!x seYl'fal factors contributing to this variability. For 
oillllpk.larger fruit can show reduced shelf and storage 
lire. although this may also be a maturity etlect le.g. 
Seymour et al. (I Y(0) in mango: Cutting et al. (19XX) in 
avocado]. Flowering date may be important here. espe
cially for extended flowering periods combined with 
single harvesting of whole-of-tree. 

Calcium has been strongly implicated in ripening in 
temperate fruit. and there is accumulating evidence of its 
importance in tropical fruit (Yuen. these pruceeedings). 
Spray applications have extended the shelf I ire of mango 
(Singh et al. 1(87). and postharvest infi Itration has had 
a similar. th<lugh generally leS\er e!'fcct (Singh et al. 
I ()x7: Wills et al. 19KX). Calcium i:lriltration delayed 
sl,t'tening in avocado (Tingwa and Young 1974: Eaks 
1()K5). and avocado shelf life has hcen pOSitively corre
Iatl'd with fruit Ca (Witncy et al.. 19')()a: Cutting et al. 
1()92L These efrects arc partly through a delay of the 
respiration and ethylene climactnics lEaks 1 l)K5) and a 

general retardation of senescence. Other divalent cat ions 
(manganese (:Yin). cobalt (Co) and :V1g in tomato) can 
have bcnclkial eflects. but it is genLTally less than Ca 
(Wills and Tirmazi 1(79). 

Growth regulators other than ethylene can aho inllu
cnce ripening. Gibberellin sprays well bcCOIC harvest 
delayed ripening in mango (Khader 1')91) and softening 
in citrus during storage (EI-Otmani and Coggins I')') I). 
Hofman and Husband (19K7) noted a decrease in 
l'ndogenous GA concentration in av()cado with matur
ity. which parallels a reduction in shelf life (Cutting el 
al. 19(2). Abscisic acid (ABA) infiltration also reduced 
mango and avocado shell' Ilk (Palejwala et al. i l)tltI: 
Cutting et al. Il)KK). ·lllUs. prchancst treatmcnts need to 
he evaluated for their potential elkets lm fruit PGRs. 
particularly in relation to withholding irrigation (ABA 
erkct). 

There is little indication PI' the relative significance 01' 
these factors in determining the variability in shelf life. 
ami it is uncertain whcthn these explain the e\tenr of 
variations observed. 

Physiological disorders 

Physiological disorders encompass a range of symp
toms. but are often a result of cell membrane and wall 
dysfunctilln. l'ausing tissue "ollapse and symptoms such 
as hitter pit. senescent hrea~down. water core. blossom 
end rot. and varillLls tissue browning disorders (Shcar 
1(75). They arc m(lre olkn expressed alkr low telilper
ature. prolonged storage (i.e, chilling injury) bccause llf 

increased physiological stress. although some disorders 
arc obvious at harvest or on immediate ripening. 

Many production factors can influence disorders. For 
example. mango disorders (sec later) arc significantly 
affected by growing conditions (Young 1957; Young 
and Miner 1(61). Production away from the coast and 
higher altitude amj/or temperature reduces spongy tissue 
incidence (Subramanyam et al. I In I: Joshi and Lilllaye 
19K6: Katmdia 19K~). ami is also allected by rootstock 
(Joshi and Roy 19K5). Stem-end cavity appears to be 
more severe in wet conditions. especially ncar harvest 
(Wainwright and Burbage I ,)~9: \li:ad and Winston 
1(91). Severity is greater in more mature fruit (Young 
1957: KatrOllia. 19KK: \IIead and Winstnn 1')91). and in 
larger fruit (SubramanY,lm et al. 1')71: Wainwright and 
Burbage 1(89). Incidence of spongy tissue has been 
reduced by mulches that decreased radiated and 
retlected field heat (Katrodia ami Sheth InK). 

Calcium is the mineral most strongly implicated in 
physiological disorders, and it plays an essential role in 
cell wall and membrane structure and function (Poo
vaiah et al. IlJKX). Calcium treatments, particularly 
repeated sprays during fruit growth. haw been effective 
in reclucing Ca-related disorders in temperate fruit. 
Postharvest infiltration and ncgative correlations with 
Ca in fruit frolll a range of sources has further confirmed 
the importance of Ca k.g. Hewett and Watkins 1991: 
Yuen. these proceedings). 

Similar Ca etlects arc being confirmed in tropical 
fruit. There is circuTllstantlal evidence Cor a role of Ca in 
mcsocarp discoloration (grey pulp. pulp spot. vascular 
hrowning) of avocado. Lower Ca content in the distal 
end of avocado fruit may be related to the fact that mes
ocarp discoloration generally appears first in this seclur 
(Chaplin and Scott, Il)XO). Postharvest Ca infiltration 
reduced chilling injury (hrown or grey mesocarp discol
oration) (Chaplin and Scott 19KO), and Cutting et al. 
(1')92) identified a decrease in fruit Ca and an increase 
in n1esocarp discoloration with maturity. Koen et al. 
(1990) found a negative correlation between soil and 
leaf (but not fruit) Ca and grey pulp. and Vorster and 
BCluidenhllut (I,)KK) betwcen fruit Ca and pulp spot. 

Physiologil'al disorders of mango are commonly 
expressed on ripening. and do not require low tempera
ture stmage for ·'·"pression. These have been cal led by 
various names [stelll-end cavity. jelly seed. soft I1nse. 
spongy tissue. premature ripening. insidious fruit rot: 
(Wainwright and Burbage 19X9)]. but SOTlle of these 
Illay be varying expressions or the same disorder (Mcad 
and Winston 19(1). 

Evidence is also suggesting low Ca as a key factor in 
mango disorders. Iligh Ca soi I appl icatiolls and high leaf 
Ca have been related to reduced soft nose (Young and 
\1iner 1')6 i; Young et al. 19(2). and high leaf Ca with 
reduced stern-end cavity (Mead and Winston 1')91). 
Ilcalthy fruit had higher Ca content than affected fruit. 



and healthy tissue higher than affected tissue IGungate 
et al. (1979a) for spongy tissue; Burdon et al. (1991) for 
soft nose I. Preharvest Ca dips reduced incidence of 
spongy [issue (Gungate e[ al. 1979b), but Ca applica
tions have not been successful in all cases (Krishnamur
phy 19~2). Most of these disorders appear to result fWIll 
premature ripening of part of the fruit, and the beneficial 
Ca effect may be through its inlluence on the ripening 
process. 

Potassium and Mg have also heen implicated in dis
orders of temperate fruit, prohably indirectly through Ca 
(Ferglls<H1 19~O). In tropical fruits. Witneyet al. (1990b) 
noted a lower (Mg+K)/Ca ratio ill Hass avocado fruit 
than in Fuerte, which correlates well with industry and 
research experience of reduced disorder susceptibility of 
Hass. Koen et al. (1990) identified a positive relation
ship between avocado leaf and proximal fruit K content 
and grey pulp. and a good negative correlation between 
leaf and soil (Mg+Ca)/K and grey pulp. Cutting and 
Bower (1990) observed high Mg concentration and 
(Mg+Ca)!K ratio in Hass fruit. with high disorder 
potential as indicated by flesh polyphenol oxidase 
(PPO) activity. Burdon et al. (1991) noted higher Ca and 
Mg, and a tendency toward lower K, in mango fruit from 
orchards with no soft nose incidence, than from orchards 
with high incidence. Rangwala [1975; cited in Katrodia 
(1988)]n<Jted lower leaf Ca and Mg, and higher lear Kin 
spongy tissue-susceptible trees. This may also indicatc
a (Mg+Ca)/K relationship, although Katrodia (1988) 
suggested a minimal involvement of minerals in spongy 
tissue. 

Low phosphorus (P) and high N content is often 
associated with storage disorders in apple (e.g. Brun et 
a1. 1(85)' and Koen et a1. (I <)90) associated low distal 
fruit P with high avocado grey pulp incidence alter cold 
storagl'. The !ow P effect Illay he through greater cell 
size and respiration rate (Letham 1(69), and lower 
membrane phospholipid content which reduces mem
brane stability at low temperatures (Ferguson 1980). 
This relationship does not appear to hold in mango dis
orders (Subramanyam et al. 1<)71; Burdon et a1. I <)<) I). 
possibly occause these arc expressed without lo\\"
temperature storage. High N has bl'en assoeiail:d with 
increased disorders in mango (Young. and Miner ]96 i; 
Mead and Winston 1991) and avocado (Koen et a1. 
1990), possibly through increased fruit sill'. Boron has 
also been related to increased storage disorders in tem
perate fruit (Yogaratnam and Johnson 1982) but there is 
little ev idence yet for a role i 11 tr<lpical fruit. 

Disease 

A number of production practices can directly intlu
ence the capacity of fruit to retard pathogen establish
ment or growth. Preharvest Ca sprays and postharvest 
infiltration have been shClwn to decrease postharvest 
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disease severity in a numocr of temperate fruits 
(Conway and Sams 1987; Conway et a1. 19(17). Singh et 
a1. (1987) also noted decreased mango disease with pre-
harvest Ca sprays. These Ca effects arc most likely 
mediated through greater resistance of fruit cell wall 
components to fungal enzyme degradation (Conway et 
a1. 1988). Increased N fertilisation can also increase 
disease severity in apple and avocado (Abou-Aziz et al. 
1975). These responses may be through opposite mech
anisms to Ca (i.e. decreasing cell wall strength). Johnson 
et al. (1992) postulated that mango stelll-end rot fungi 
are endophytic, anu grow into the fruit through the ped
icel during fruit growth. Therefore. field treatments 
(pruning, irrigation) which retard mycelial growth 
towaru the fruit, but at the same time maintain or 
increase branch or pedicel growth, could reduce fruit 
colonisation. Also, Prusky et al. (1988) identified anti
fungal cliene comp<)unds in aVOG1L1o skin which arc 
effective in reducing Collc/o/richum g/ocosporioidcs 
development after harvest. 

An understanding of the intluences of preharvest fac
tors on postharvest disease through fruit characteristics 
would improve natural postharvest disease control, and 
may be a viable alternative to, or complementary treat
ment with, biocol1trol. Pre harvest effects on other skin 
eharacteri stics such as thickness of wax or cuticle (sec 
for example, 'YIonselise and Goren. 19S7. EI-Otmani ct 

al. 1989) should also be considered. 

Tolerance to postharvest physical treatments 

Physical treatments (e.g. cold, heat and irradiation) 
arc becoming more important for fruit disinfection and 
disinfestati<'f1. Locality and/or lllalLlrity effects have 
been noted in h<lt air treatments for disinfestation in 
mango (Esguerra et al. 1990; Jacobi and Wong 1992) 
and grapefruit (McGuire and Reeder 1(92). R. 
McLauchlan (personal communication, 1993) also 
noted maturity, season, and locality effects with cold 
disinfestation in mandarins. Maturity and field tempera
ture before harvest (acclimation) Illay contribute to these 
effects. 

Improving Fruit Quality by 
Production Practices 

Mechanisms for improving a number of the quality 
parameters arc relatively well understood (e.g. size. 
colour. eating ljuailty), and main Iv Il1volv<.' general plant 
health, exposure to radiation (espl'cially of the fruit 
itself), and appropriate leaf:fruit ratio (assimilate avail 
ability). However, these treatments can affect other 
ljuality parameters. In particular, interactions with shelf 
and qorage life are often more difficult to identify and 
yet can have significant inlluences in fruit marketing. 
through transport and storage. Prehancst effects on 



storage life appear to be mainly through fruit size and 
fruit minerals. 

Fruit size 

Increased fruit size has been associated with reduced 
firmness and increased physiological disorders and 
postharvest disease (Richardson 1986; Wainwright and 
Burbagc 1989; Palmer et al. 1991). Thus. practices 
which affect assimilate availability to fruit can also 
affect shelf and storage life through sizc. For instancc. 
summer pruning and root pruning of apple can reducc 
fruit size and disorders. and improve firmness (Ferrec 
1992), particularly in vigorous trees (Myers and Ferree 
1983). Exccss N (Fcrguson 1980) and irrigation (Brun ct 
al. 1985) can also result in poor storage quality, and 
orchard floor management can affect fruit size and 
firmness, possibly through increased Ilutrient availabil
ity (Richardson I 98(): Mehcriuk et al. 1992). Rootstock 
effects have also been noted on firmness. internal ethy
lene, and storagc potential (Fallahi et al. 1985a,b). 
However, some of these responses may be mediated 
through maturity. Also, improvements in tlrmness and 
storage potential do not always occur through fruit size, 
suggesting interactions with other factors. 

Fruit mineral composition 

Fruit Ca is the most important mineral in postharvest 
fruit storage potential. J lowcvcr it is also olle of the most 
difficult to manipulate in relation to fruit concentration. 
Calcium nutrition is particularly important during early 
fruit growth (Bower ct al. 1(89). and management prac
tices should be particularly targctcd to maximise Ca 
availability to fruit during this period. Fruit Ca concen
tration is also a balance bctween Ca import into the fruit, 
and rate of fruit volume incrcase. ·111US. factors which 
promote rapid fruit growth (sec 'Fruit size') can also be 
imrortant in determining fruit Ca concentration. This 
could be one of the main mechanisms for the frequent 
positive correlation between fruit size and disorders. 

Fedilisation 

Intluencing fruit Ca by fertilisers is difficult. Soil Ca 
is relatively immobile, so top-dressing with Ca fertilis
ers may not guarantec adcquatc Ca in the rhizosphere. 
Soil Ca is absorbed into roots mainly by mass flow, but 
is also influenced by ion c\chan,l!e phcnomena so that 
other cations such as Mi'. K. and NII"+ can reduce Ca 
uptake. Therefore. prerlant Ca incorporation into the 
soil is important, as well as maintaining adequate bal
ances in soil Ca, K. Mg and NH4+ Fertiliser form and 
time of application (FcrplSl)Jl 1980: Mllnselise and 
Gorcn 1987), and effects on other tree and quality 
paramcters should also be considered (sec 'Vcgetative 
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vigour'). Bencl'icial efrects of other fertilisers (e.g. zinc; 
Vorster and Bczuidcnhout 1(88) may be through Ca. 
Frequent foliar Ca sprays arc also effective in reducing 
disorders, but should be considered in conjunction with 
other options for increasing fruit Ca. 

Irrigation and humidity 

Water supply has been shown to influence fruit Ca 
content and disorders in apple, pear and avocado 
(Brooks 1916; Brun et al. 1985; Bower et al. 1989). 
These cf'fects may be mediated through fruit size, but a 
direct effect on fruit Ca is also likely. Calcium translo
cation is predominantly by xylem mass flow, so that any 
restriction in soil water will reduce Ca uptake and 
increasc intraplant eompctition for xylem tlow (sec 
'Vegetative vigour'). Also. tissue Ca concentrations arc 
generally determincd by organ evapotranspiration rates, 
so that leaves and exterior tissucs such as fruit peel, 
invariably ha vc h ighcr concentrat ions than flesh and 
wood (Brun et al. 1985, Witney et al. 1990b). Likcwise. 
altering humidity to increase fruit evapotranspiration 
relative to leaves will also increase fruit Ca (Cline and 
Hanson 1992). 

Vegetative vigour 

Calcium movement is generally strongest towards 
ternlinal buds and developing leaves (Kirkby and Pi 1-
beam 1984), partly through competition for xylem flow. 
Therefore, a large number of developing shoots will 
increase vegetativcireproductive organ competition for 
Ca, This will have a rarticularly strong effect on storage 
potential if shoot development coincides with early fruit 
growth, and is in clos(' proximity. Thus, moderatc tree 
vigour can pruduce !'ruit of higher Ca content and shelf 
and storage lire than those of greater vigour (Witney et 
al. I 990a,b), through mechanisms other than fruit size. 
Also, flowering date could affect the rcproductive/ 
vegetative competition for Ca through altering relative 
timing of shoot and fruit development, and affect stor
age potential through mechanisms other than maturity. 
This potential dual effect of vegetativc vigour on fruit 
minerals stresses its importance in influcneing fruit 
,tmage quality. 

Conclusions 

In most cascs. illLTeased qualitv comes at a price, for 
example throu.dl c',lTllpromises between yield and size. 
size and firmness. and size and storage potential. There 
may also be several ways llf achieving similar improve
ments in quality. and a number of production practices 
may bc syner,l!istic. Ellects on dirl'ct costs of production 
arc also likely. Therefore, production systems that 
impinge on quality should be considered in light of 



market requirements for product quality, and price 
(cost/benefit analysis). 

One of the major objectives of studying preharvest! 
postharvest interactions is the prediction or 'cllstomis
ing' of fruit quality. This approach is particularly valu
able for storage potential because of cost savings in 
storing only those fruit with the required storage char
acteristics. It would be of particular advantage in tropi
cal fruit because of their inherently shorter storage life. 
They can have considerable variability in shelf and 
storage life (Smith et al. 1992), so that storage of only 
those fruit of appropriate quality would significantly 
incrcase total life. 

The interrelationships between the various production 
practices in their effects on quality makc the develop
ment of these predictive models a challenge. A large 
number of studies over some 20 years has used correla
tion and multivariate analysis to identify important pre
harvest characteristics affecting quality (c.g. Fallahi et 
al. 1985b; Gehard and Bruchou 1992). and knowledge 
has now reached the stage where fruit can be analysed for 
minerals 2-3 weeks before harvest and only fruit which 
meel appropriate criteria (usually based on various ratios 
with Ca, Mg and K) are placed in long-term storage. This 
approach has removed much or the variabi I it) in storage 
quality and outlum in English apples (Sharples j 984). 
Recognition of other factors, such as crop load (Fergu
son and Watkins 1992), fruit position and sill'. uneven 
fruit mineral distribution (Koen et al. 1990: Burdon et al. 
1991 J. postharvest redistribution in fruit (e.g. Perring 
1985), and Ca forms in the fruit (Perring and Plocharski 
1975; Saks et al. 1990) could increase the accuracy of 
these predictions. Consideration may also need to be 
given to varietal and locality etTects on these models 
(Autio et al. 1986). The inneasing circuillstantial evi
dence of the roles of Ca. K, Mg, and N in tropical fruit 
indicates the potential for similar systems for predicting 
10ng-teDn storage potential of these fruit. 
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Storage and Ripening - Session Summary 

Chairman: Professor A.K. Thompson, Silsoe Research Institute, U.K. 
Rapporteur: Dr Pomtip Chaimanee, Silkapom University, Thailand 

A great deal of commonality was evident in the research described in the presentations in 
this session. These included a pragmatic approach to the subject in that the research was 
largely problem solving and orientated to market needs. This seems to reflect an attitude 
common and developing in many areas that economic considerations should be 
paramount. The papers illustrated several common approaches which included the 
disparate nature of postharvest as a scientific discipline embracing Illetabolism and 
biochemistry, through consideration of disease development and control, to the technology 
and engineering which must be developed to bring these factors into the industry. 

Presentations were authoritative and comprehensively covered subjects, usually starting 
with historical perspectives and evaluating the present state of knowledge on which to 
determine priorities for research. 

Important areas of research needs which were identified included water, minerals, and 
gases. Areas relevant to water included the effects of losses on storage and ripening, and 
the technology needed to consistently maintain suitablc humidity around the crop. In terms 
of minerals and other chcmicals in fruit, the emphasis was on thc need for research into the 
harvest quality of crops and how this can interact with postharvest lifc. Establishing 
principles in this area would havc implications in plant breeding. Modification of the 
chemical content of fruits postharvest also offers a potentially fertile area of research. 

Much more information is needed on the effects of gases, particularly thc respiratory 
gases, on tropical fruit. Insufficient information is availablc for commercial exploitations 
of controlled atmosphere storage for many tropical fruit. Work is needed, among other 
things, on cultivar and environmental conditions and how these interact with controlled 
and modified atmosphere storage. Systems for the control of the environment around the 
fruit need further research, particularly the exploitation of polymer films, so that they can 
have greater use within the postharvest fruit industry. To make their lise more predictable, 
research is needed into the interaction between these materials and other factors. as well as 
on developing new materials and systems of modified atmosphere packaging. 
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Disinfestation of Tropical Fruits 



Quarantine Disinfestation of Tropical Fruits: 
Non-chemical Options 

N.W. Heather* 

Abstract 

TIlis paper reviews residue-free methods of disinfestation of tropical fruits against pests of quarantine signifi
cance. The most important of these pests in fruits to be exported are fnJit flies. and the basic methods which are 
non-chemical and hence meet a residue-free criterion are physical treatments with heat. cold. and irradiation. 
Worldwide. there arc more than -'0 species of fruit flies of the family Tephritidae which arc of maJor importance 
as quarantin" pests. TIlere are how"vn a number of pests other than fruit 11 ies which arc also of major quarantine 
importance. Treatments must have very high levels of efficacy to be fully effective. typically in the range of 
99.99% to 99.9968S{ (probit S.7-9). At these levels they must not cause unacl'Cprahlc damag" to fruit. Fruits 
differ in their tolerance oj treatments and there is thus scope to choose and manipulate tn:atm"nts for the best 
outcomes in economic renllS and product quality. Comhinations of methods arc I'<)ssihle or even a holistic. sys
tems approach in which the contribution of all influences Oil Ix'st survival in the growing and handling system arc 
taken into account. 

MOST tropical fruits are hosts of fruit !lies or other 
insect pests that arc subject to specific prohibitions by 
quarantine authorities of importing countries. The pur
pose of disinfestation treatments is to provide an assu
rance to the authorities of an importing l'ountry that the 
commodity will be free of the pest that is the target of the 
treatment. This was achieved for many years by fumi
gation with ethylene dibromide (EDB), methyl bromide 
(MeBr), or by treatment with insecticides. Because of 
chemical residues, EDB was deregistered for this pur
pose in the USA in 1984 (Anon. 1984), catalysing ini
tiatives to develop non-chemical alternatives for it and 
other treatments that leave chemical residues. 

Alternatives to chemical treatments arc available. 
They include physical treatments with heat. cold, or 
irradiation, and modifications to the production system 
for the commodity. In the selection of a treatment, it is 
necessary to reconcile acceptable pest risk levels with 
damage caused to the commodity, as well as the addi
tional operational costs involved. 

Pest Identity and Host Relationships 

The relationship between the pest and its host is of major 
importance (Annstrong and Couey 19R9). The taxonomy 
of fruit flies in particular. is constantly Linder review and 
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a revrslon of one fruit tly group of major quarantine 
importance, the D. dorsalis complex. is imminent (R. 
Drew. Queensland Department of Primary Industries. 
pers. eomm.). The taxonomic identity of the pest against 
which a treatment is developed should be recorded by 
deposit of voucher specimens ill a pemlanent reference 
collection to guard against future revision of a taxon. It 
is important to ensure that the insects used to develop a 
treatment arc of the species which constitutes the qua
rantine problem. Fruit flies have speciated prolifically 
and many species are morphologically similar. Some
times more than one species will infest a fruit host. 
leading to difficulties in identifying the major pest or the 
need to test treatments against more than one species. 

The stages of the pest that infest the fruit are highly 
relevant. for fruit llies it is the eggs and larvae that arc 
the targets of quarantine disinfestation treatments. Other 
stages are important in other pests e.g. mango seed 
weevil, thrips, mites. The stage against which the treat
ment must be etTective can have a major intluenee on 
selection of treatment while the age within each stage 
can markedly influcncc the result of a treatment (Baloek 
et al. 1963; Heatheret al. 1991; Corcoran 1993). 

Annstrong ( 1992) and Cowky ct al. (1992) addressed 
the issue of host status from a regu latory viewpoint. and 
there arc a numocr of model studies which undertake 
actual host status determination (Seo et al. 1970; Von 
Winc!eguth et al. 1976; Armstrong and Vargas 1982; 
Armstrong et al. 1983; Spitler et al. 1984). These studies 



show that there can be cultivars of a commodity that arc 
not susceptible to the pest, or that there are conditions 
under which the host status can lX'lll'gativc. 

Criteria for Effectiveness 

The effectiveness of a disinfestation system needs to be 
judged against criteria agreed between an exporting and 
an importing country. It can be argued with strong justi
fication that, to be effective against an insect pest, a 
quarantine disinfestation treatment need only prevent its 
establishment in the importing country (Ouye and Gil
more 1985). This translates as inability of a treated 
insect to survive and reproduce. and it Jllay involve 
delayed mortality or some other form of inhibition of 
reproduction. 

Efficacy Requirements 

Countries such as USA and Japan typically require a 
disinfestation treatment for fruit flies which causes 
mortality almost immediately, or at least before pupa
tion and meets prescribed standards of efficacy. This has 
advantages where the commodity must pass a post
treatment inspection, the production history of the com
modity is not known, and the likelihood of infestation 
cannot be estimated. These treatments may need to 
achieve an efficacy of probit 9 or 99.9968(1<.' mortality 
(Baker 1939). Probit 9 dosage can be predicted using lh~ 
regression analysis methods of Finney (1971), provided 
that the true response line is linear. For fruit fly experi
ments where the number of insects treated cannot be 
ascertained with certainty - that is, only survivors can 
be counted - a variation of prohit ~ll1alyses such as the 
'Wadley's Problem Vcrsion' must be used (Wadley 
1949). Having predicted probit 9. it is then usual to con
firm that it is achievable by treating. withoLll survivors, 
30000 or 100000 insects of the most tolerant stage 
occurring in or on commercial fruit. One hundred th()u~ 
sand insects treated, without survivors, deillonstrates 
probit 9 mortality at the 95% confidence level (CoLicy 
and Chew 19S6). 

Another approach to quarantine security is that 
adopted by New Zealand, which sets a maximum pest 
limit (MPL) the imported commodity must meet (Baker 
et al. 19(0). This strategy is a development of the con
ceptual proposals of Landolt et al. (19S4) who showed 
that, for fruit Ilies. acceptable quarantine risk levels 
could be based 011 the probahility of a mating pair sur
viving a shipment. 
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Non-ch('mical Disinfestation Methods and 
Technologies 

Heat 

There are two practical ways in which heat can be 
applied to fruit to produce temperatures that are lethal to 
fruit flies or other pests but do not cause unacceptable 
damage to fruit (Table 1). One is to Lise circulated hot 
air, the other is to immerse the fruit in hot water (Arm
strong and Couey 1989). To date, other methods of heat
ing SLich as microwave technology have proven 
unsuitable (Sen et al. 1970: Hayes et al. 1984). 

Heating with air 

Historicall y. ll10dern heat treatments for disinfesta
tinn of fruit against i'ruit nics commenced in 1929 with 
the work of Baker ct al. (1944) (cited by Balock and Starr 
1(45). Their experiments treated fruit infested with 
Mediterranean fruit fly, Ceralilis Capilala. (Wink
mann) and Mexican fruit fly, Anaslrcplia lui/ens 
(Loew). Subsequently, work in Hawaii (O.c. McBride 
and A.C. Mason, United States Department of Agric'ul
ture (llSDA), internal report on project 2012.1933 J. was 
done on the melon ny, Dacus cucurbilac (Col]uillett) 
(Baker 1(39). Seo et al. (1974) reported a treatment of 
44.5°C for papaya against oriental fruit Ily, Dacus dor
salis Hendel. Early treatments adopted by USDA regu
latory auth,)ritics were typically over a long time (e.g. 14 
hours) and at temperatures in the vicinity of 44°C 
(Anon.19X'i). 

Technologically, these trcatmcnts involved chambers 
of air heated by steam (hence vapour heat). The temper
ature was controlled by thermostat and circulated by fan 
(Balock and Starr 1945). lIeating efficiency was 
enhanced by the condensation elTeet of the steam on the 
fruit. Other technology used in experiments involved a 
"Carrier Machine' that used circulated heated air 
humidified by a water spray. Two factors actcd against 
widespread use of the technology. Firstly, the fumigant 
EDB became available around 1950 (Armstrong and 
COlley 19~9) and provided more rapid. cheaper treat
ments with less risk of fruit damage. Secondly, temper
ature control technology before microprocessors 
became available was bulky and comparatively unrelia
ble. TIle? dcrn~isrrari"ll "I FDB ill 19S4 by US authorities 
(Anon. 19S·+) cat:lh SL'c\ the development and adoption of 
alternative In:atnH:nts. 

Research on the development of circulated hot-air 
treatments has been done in many countries including 
Japan, USI\, the Philippincs, Thailand, and Australia. 
Japanese research involved actively circulated heated 
air approaching saturation with water vapour. It was 
referred to as "a differential pressure vapour heat pro
cess' and targeted D. dorsalis and D. cucurbitac in green 



Table l. Quarantine di,inkstation schedule's wilh heat against eggs or larvae of fruit tlies in vanom fruits 

Pest species Fruit Method 

;\naslrcl'ha dis/inc/a (Greene) Mango Hot watn 
i\. ImlerI'll/lis (Wiedemann) Mango Hot water 

A. /udellS (Lacw) Mango Hot water 
(Mexican fruit Ily) 

A. obliqu(J (Macquart) Mango HOI air 
(West Indian fruit tly) Mango Hot water 

A. scrpcnlina (Wiedemann) f\ 1anllo Hot water 
(Sapodilla fruit Ily) 

A. suspens(J (Loew) Caramhola Vapour heat 
(Carihbean fruit Ily) Mango Hot water 

Cemli/is capi/a/a (Wiedemann) r'v1ango Vapour heat 
(Mediterranean flllit fly) Papaya Hot air 

Papaya Hot water 

Mango Hot water 

[)aclis ("lI("lIrbi/ac (Coquillell) Papaya Hot air 
(Melon fly) Papaya Hot water 

Momordica Vapour heat 
Papaya Vapour heal 
Egg plant Va[X)ur heat 
Mango Vapour heat 

D. dorsa/is Hendel Papaya Vapour heat 
(Oriental flllit fly) Papaya Hot air 

\tlango Vapour heat 

fvlango Vapour heat 

\'lango Hot air 

Papaya Hot water 

Capsicum Vapour heat 

Raclrocera rryoni (Froggatt) Mango Vapour heat 
(Queensland fruit Ily) 

B. ('u(,lI!11is French Zucchini Vapour heat 
(CuclImber Ily) 

peppers, egg plant, and L"uL"urbits according to host 
status (Sugimoto et al. 19K,,; Furusawa ct al. 1984; Suna
gawa et al. 1987, 1988. 1')89). Work in the liSA involved 
air at various humidit ies according to reljuirements of 
the fruit. Armstrong et al. (1989) used air at a humidity 
which reduced condensation on papaya; Mangan and 
Ingle (1992) used air at humidities below that at whieh 
condensation would occur on mangoes; and Hallman 
(1990) used water-vapour-saturated air for caramboias; 

Temperatures Time Reference 

4{)DC 1.5 hours Sharp et al. (1990) 
46"(' 1.5 hours Sharp et al. (1990) 

4{,0(' 1.5 hours Sharp et al. (198%) 

48°(, 1.5-3.5 hours Mangan and Ingle (1992) 
40°C 1.5 hours Sharp et al. ( I 989b) 

46°C 1.5 hours Sharp ct al. (1989c) 

41.5-40.5°C 1-2 hours Hallman ( 1990) 
4(rA7°C 1.5 hours Sharp ct al. (1989h) 

43YC 14 hOllrs llalock and Starr (1945) 
4(}-47°C 5 hours Armstrong et al. (1989) 
42 and 49°C .10 min + Couey and Hayes (1986) 

20 min 
4()o(" 1.5 hours Sharp el al. (1989c) 

45-46°C 5 hours Armstrong et al. (1989) 
42 and 49°C 30 min + Couey and Hayes (1986) 

20 min 
45°C 30 min Sunagawa ct al. ( 19~R) 
45.5°C 30 min Sunagawa et al. (19K9) 
Not known Not known Furusawa ct al. ( 19X4) 
43.5°(, 3 hours Sunagawa ct al. (1987) 

44.5°(' 20 hours Seo et al. (1974) 
45-46°C 5 hours Armstrong et al. (1989) 
46°C 2 hours + Merino et al. (1985) 

10 Illin 
40.5°C 2 hOllrs + Unahawutti et al. (1986) 

I () mill 

40.5°C 2 hours + Unahawutli ct al. (1992) 
10 min 

42 and 49°C 30 min + Coucy and Hayes (1986) 
20 min 

Not known Not known Sugimoto et al. (1983) 

46YC 2 hours + Heather, unpuhlished data 
10min 

45°C 2 hours + Corcoran et al. ( 1 99., ) 
30 min 

Sharp (1992) reported stullies on mangoes but did not 
report the water vapour stalus orthe circulated air. These 
U.S. studies covered a range or rruit tly species includ
ing C. capi/(J/{l. Dacus spp., and Anastrepha spp. The 
treatment systems used by U.S. researchers typically 
used air at a higher temperature in relation to the final 
fruit core temperature than the systems used by Japanese 
researchers, 

In the Philippines, Merino et al. (1985) reported a 
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vapour-heat trcatml'nt schedule against their indigenous 
type of D. dorsalis in mangoes. which are the basis for 
a substantial trade to Japan. It invol\es heating to 46°C 
c()re temperature whieh is then held for 10 minutes 
before fruit is hydroeooled. A further treatment has been 
developed for Philippine papaya, using the same facili
ties as arc used for mangoes (E. Tuazon, Bureau of Plant 
Industries Manila, pers. eomm.). 

In Thailand, a similar treatment developed against D. 
dorsalis in several eultivars of mango (Unahawutti et al. 
19~6) identified 46.5°C as a disinfestation temperature 
that did not cause unacceptable damage to fruit. They 
found that the cooling method aflected treatment etTi
cacy so temperature and treatment ti mes needed to be 
raised to ensure 99,')9(; clTicacy when fruit were 
hydrocooled. They also experimented with relative 
humidity of the treatmcnt air using air or 5<YYo RH during 
a preheating period and 95';;. RII during the final stages 
of treatment (Unahawutti ct al. 1992). These studies 
illustrate the complex interrelationships of time, heat 
tr;msfer, and temperalUre, 

In Australia, studies on Queensland fruit Ily, Bac
troam tryoni (Froggatt), and the cucumber fly, B. 
cucumis (French). with hot-air treatments using near
saturated air have resulted in treatment schedules for 
mangoes. zucchini, roekmelons (cantaloupe) and toma
toes (Heard et al. 1992; Corcoran et a!. 1993; N. Heather, 
unpublished data). For these species, the mature cgg is 
the most tolerant stage to heat (Heard et a!. 199 I; Corco
ran. 1993). Treatment tcmperatures required for probit 
9 efficacy range from 44°C I'm tomatoes to 46.5°C for 
mangoes. 

Hot water dips 

Immersion of fruit in hot water is a more efficient 
method of heat transfer than hot-air treatmcnt. Dipping 
of fruit in water at 50·--55°C is a long-standing treatment 
for the control of fungal diseases (Arnlstrong and Couey 
19~9), but dipping times for this purpose are typically of 
the order of 5--·20 minutes and the effect is largely 
restricted to the surface of the fruit. For papaya. Couey 
et al. (1984) and Couey and Hayes (1986) reported a 
two-stage hot water treatment of 42°C for 30 minutes 
followed by 49°C for 20 minutes, subject to fruit selec
tion criteria, against D. dorsalis, D. cucurbitae, and C. 
capi/ata. This was adopted by USDA regulatory 
authorities (Anon. 1985) and used for somc years before 
being replaced by hot-air treatment, presumably because 
of fruit damage. For mangocs, Sharp and co-workers 
(Sharp 1986; Sharp et al. Il)~~; Sharp ct al. 1989a,b,c; 
Sharp and Picho-Martino 1990) developed hot-water 
dips as quarantine disinfestation treatmcnts against 
Anastrepha spp. and. in one instance, C. capitala. The 
mango varieties involved were 'Tommy Atkins', 'Keit', 
'Oro', 'Kent', 'Francis', 'Haden', and 'Ataulfo'. These 
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authors reported that fruit were undamaged at a temper
ature of 46°C for dipping times typically of 90 minutes. 
The treatments were acceptable to USDA regulatory 
authorities, and were also used as a precautionary treat
ment on some mangoes exported from Mexico to Japan. 
However, Sharp (1985) reported that the trcatment was 
not suitable for grapefruit because of fruit damage and 
Hallman and Sharp (1990) reached a similar conclusion 
for carambolas. 

Where hot water dips were used for mangoes of the 
variety Kensington in Australia, damage occurred (K. 
Jacobi. pers, comm.). This damage involved starch 
deposits as granules or lumps in the flesh and was very 
similar to that recorded by Esquerra and Lizada (1990) 
in Philippine mangoes damaged by vapour-heat treat
ment. Thercl'ore, hot-water dips require more research in 
Australia although ESC. Smith and D. Chin, Berrimah, 
Northern Territory. Australia (pers. comm,) showed that 
at 47°C for 70 minutes a hot-water dip conferred ade
quate quarantine security against B. aquilonis (May), a 
species very closely related to B. (ryoni. Damage was 
avoided by holding fruit at ambient temperature for 24 
hours after harvest before dipping. 

Cold 

Few tropical fruits will tolerate the low temperatures 
required for quarantine disinfestation against fruit Ilies. 
However. tropical species of fruit nics can infest' tem
perate' fruits. which arc not infrequently grown in 
'tropical' areas. Typical practical temperatures for dis
infestation arc below 2°C at which 16-22 days exposure 
may be required by regulatory authorities, depending on 
the tly species. This docs not necessarily retlect the true 
response of the l1y species. USDA schedules (Anon. 
1985) require 16 days treatment at a maximum of 2.2°C 
against C. CIljJilutll and 22 days against B. tryoni. Recent 
research (N. Heather, F. de Lima, and L. Whitfort. 
unpublished data) has shown no significant difference in 
response between the two species at I. 1°C and it is 
unlikely that there is any true difference in response at 
any cold disinfestation temperature. 

Benschoter (1984) developed a treatment schedule 
against Anastrepha suspensa (Loew) in grapefruit that 
involved a preconditioning time at 10 or 15.5°C for 7 
days followed by 12 or more days at 1.7°e. When fruit 
was preconditioned at I (l0c. adult survivors occurred 
after 19 days treatmcnt at 1.7°C. indicating the possibil
ity of a cold acclimation erfect. About the same numbers 
of pupal survivors resulted from preconditioning at both 
10 and 15°C. but no adults ecloded after the 15°C treat
ment. 

Burditt and Balock (I9~5) reported much less toler
ance of cold by D. dorsalis and D. cucurbilae. Their data 
preclictecl a 10-day treatment time at 2.SoC to achieve 
probit 9 mortality. Burikam et al. (1992) confirmed that 



in mangosteen 13 days at 6°C would achieve 99.990/< 
mortality against D. dorsalis. For B. tryoni. Sproul 
(1976) and Hill et al. (l9RR) reported that 16 days at 
1.loC were needed to achieve probit 9 mortality against 
eggs and larvae. For both of these studies C. capitala 
was judged to be more tolerant of cold than B. tryoni. 
although dilTerenccs would not have been statistically 
significant and could have simply reflected experimen
tal site differences. Subsequent studies by Jessup and 
Baheer (1990) and Jessup (1992). on kiwifruit and 
grapes. showed that first instars of B. tryoni were the 
stage most tolerant of cold. This was con finned in man
darins. first with C. capitata (F. de Lima, pers. eomm.) 
and B. tryoni (N. Heather and L. Whitfort, unpublished 
data). Research on cold treatment is made difficult by 
slow and often inconsistent cool-down times for fruit to 
reach treatment temperatures. Also, reluctance by tlies 
to oViposit in poor hosts, and subsequent uneven devel
opment, makes for difficulty in obtaining homogeneous 
response data. As experimental procedures become 
more precise. particularly with respect to the age of the 
insect stages treated, many apparent differences in 
response may disappear. 

Cold has the potential for in-transit treatment where 
long sea distances to markets arc involved. Acceptance 
has been slow, ostensibly because of imprecise temper
ature control and difficulties in monitoring. Israeli citrus 
exports arc currently treated in this way (Dr Y. Rossler. 
Citrus Agrotechnical Services, Israel, pers. comm.). 
Cold storage has great potential to supplement the effi
cacy of other treatments such as heat (Armstrong and 
Couey 19R9), modified atmospheres (Benschoter 1(87). 
and irradiation (Von Windeguth and Gould 1(90). 

Irradiation 

The potential of irradiation to disinfest agricultural 
and horticultural produce has been recognised since 
early in this century although most of the research was 
done in the latter half (Heather 1993). The availability of 
gamma radiation sources, particularly Cobalt 60, has 
given rise to many dose-mortality studies on insect pests 
and on the effects of irradiation on the organoleptic 
qualities of fruit and other commodities. 

Reports of task forces (International Consultative 
Group on Food Irradiation, 1986, 1991) identified pests 
and host commodities for which irradiation was an 
effective method of disinfestation. They recommended 
generic and specific dosages of irradiation which would 
assure quarantine security based upon appropriate crite
ria for effectiveness. 

A prerequisite to the use of irradiation as a quarantine 
treatment for agricultural commodities was approval of 
its use for foodstuffs. The joint FAO/WHO standard for 
irradiated foods (Codex Alimentarius Commission 
19R4) approved recommended doses up to 10 kGy as 
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safe for use on any food. Subsequently. the U.S. Food 
and Drug Administration ( 1986) approved doses of up to 
I kGy for disinfestation of fresh fruit and vegetables. 
Many other countries followed suit and it is estimated 
that the process is now approved in most of the world. 
The USDA Animal and Plant Health Inspection Service 
(USDA 1(89) has amended its quarantine regulations to 
permit the use of irradiation as a quarantine treatment. 

For fruit flies. the Chiang Mai Task Force (Interna
tional Consultative Group on Food Irradiation 198A) 
recognised that irradiation could result in the presence 
of properly treated but still living insects in fruit at a 
post-treatment inspection. Although not compromising 
quarantine security, they would present a prohleIl1 for 
inspection authorities who would be uncertain of 
whether the treatment had been properly applied. 

The problem has almost certainly been overestimated 
for fruit tlies. The levels of infestation present in export 
quality commercial fruit need to be very low regardless 
of quarantine requirements. Most markets have a niltol
crance for this type of pest based on quality, and con
signments found to contain infested units could be 
expected to be rejected on this basis. This highlights the 
principle that quarantine disinfestation treatments should 
not be used as a part of the pest management needed to 
produce a quality product. For insect pests that do not 
affect fruit quality the problem is more valid. Means of 
identifying insects which have received a delayed-lethal 
or reproduction-inhibiting dose of irradiation or any 
other treatment but are still alive at the time of inspel'lion. 
nel"d to be considered (Rahman et al. 1(90). 

In general, exposure of eggs or larvae in fruit to a dose 
of 150 Gy or less prevented emergence of adults at an 
efficacy of probit 9 (Burditt 1992). This was adopted as 
the generic dose applicable to all fruit flies of the family 
Tephritidae. Much greater doses would be required to 
cause probit 9 mortality of the stage treated (Kaneshiro 
et al. 19R3), increasing the likelihood of damage to fruit 
(McLauchlan et al. 19(0). Where a lower dose has been 
shown to achieve probit 9 efficacy it would be used. e.g. 
for Queensland fruit fly. B. lryolli, a close of less than 
100 Gy, possibly 75 Gy, has been shown to be effective 
(Rigney and Wills 1985: Heatheret al. 1991.) 

Other non-chemical options 

Moffitt (1990) proposed an approach to quarantine 
security which examines the effectiveness of pre- and 
postharvest practices in removing codling moth from 
apples for export from USA. This approach has general 
applicability, including fruit flies, and warrants consid
eration as a way of meeting specific quarantine security 
requirements. The basis for the approach is to be found 
in the concepts of Landolt et al. (1984). There is also 
scope for combination treatments within the Moffitt 
concept. 



Quarantine security should be based on pest risk 
(Rohwer and Williamson 1983), and disinfestation treat
ments should be in accordance with the risk. When the 
risk is nut known, regulatory authorities normally 
reljuire the highest security postharvest treatment avail
able as a dcl'ault position. As more information on the 
pest becomes available a review mechanism is needed to 
ensure that treatments required are not unnecessarily 
harsh and do not cause unnecessary reductions in the 
shelf life of the fruit. 

Future Directions 

Consumer prcl'erence for non-chemical disinfestation 
measures can be expected to provide continued incen
tive for devclopmcnt of physical treatments. There is 
considerable scope for future development of heat and 
cold treatments through the alleviation of damage to 
fruit. and low-dosc irradiation needs to be more widely 
accepted as onc of the physical treatmcnt options. If 
these tlcatment arrays an: integrated with a rationaliscd 
approach to quarantine security requircmcnts thcre 
seems to be no reason why a treatmcnt appropriate to 
logistical and ljuarantine considcrations should not be 
possihle for most fruit. Fledgling fruit production 
industries will face problems of funding the research 
necessary to enable them to grow Ihrough exports. This 
is one of the situations where a generic approach to 
treatments, especially towards the pest species, would 
have special value. 
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Heat Disinfestation of Mangoes: Effect on Fruit Quality 
and Disease Control 

Keryl Jacobi*, Lindy Coatest, and Lung Wong* 

Abstract 

Ileat treatments have heen developed for disinil'station of export mangoes \Mol/gilero indica Linn.) in a numhcr 
of countries. High humidity hot-air (or vapollrhcat) treatments arc used eomflll'Tcially in Thailand and the Phi 
lippines for cultivars . Nang Klangwan' and . Carabao " respectively; while Mexico uses hot water to disinil'st 
'Tommy Atkins' and 'Keitt' mangoes. Because the window of treatment to successfully disinfest against all 
stages of fruit fly but maintain fruit quality is narrow, damage to mango has been recorded in some cultivars 
during treatment development. Factors such as fruit maturity. production region. and cultivar have been known to 
influence the response of fruit III heat treatment. Control ofposlharveq disease is often partial \\ ith heat dISinfes
tation treatments. Consequently. application 01 a fungicide before or after heat treatment is IWc·dd to provide 
satisfactory control. In the development of heat disinfestation treatments. atlentJ(Hl needs to be paid to both fruit 
quality and disease control at all stages. to produce a Iruly effective commercial treatment for export mangoes. 

MACiY mango (Mangifera indica Linn.) cultivars arc 
grown cOllllllercially around the world, Mexico. Thai
land, and the Philippines trading their fruit on export 
markets. The primary reason for disinfesting fresh man
goes is to meet the quarantine requirements of an 
importing country. Inscct pests (e.g. fruit flies) pose a 
risk to the agricultural viability of a country that docs nor 
possess them. Strict standards arc imposed on imported 
produce to minimise the risk o/" pest introduction. 

Heat disinfestation treatmcnts have been revived and 
development expanded for mangoes since the early 
19XOs following the demise of the fumigants (such as 
ethylene dibromide. EDB). Mangoes arc considered to 
be relatively heat tolerant, when compared with other 
fruits slIch as peaches, raspben-ies, and bell peppers 
(Colley 19X9). The heat can be applied to the fruit using 
a number of methods. The two most favoured to date aft: 
hot water and hot air, and both arc used commercially tll 
treat mangoes. With the hot-air method of application, 
both high (90~95(k) and medium (40-70(X) relative 
humidity treatments have been developed. 

Heat disinfestation treatments have been evaluated 
for till' control of mango diseascs in countries sllch as the 
Philippines. the United States. and Australia. The focus 

" QDPI Horticulture Postharvest Group, Division of Crop Sci
ences. 19 Hercules Street. Hamilton. Queensland 4007. Aus
tralia. 

j QDPI Division of Plant Protection, 80 Meiers Road. Indoo
wopilly. Quc'c'nsland 4068. Australia. 
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of these evaluations has becn on the two major posthar
vest diseases of mango throughout tIll" wmld: anthrac
nose, causcd by CollelOlrichUlIi gioc()sporioides. and 
stem-end rot, caused by Lasiodipioilia Iheo/Jromu(' (syn. 
Diplodia nalalem·is). DOlhiorella dominiclltla, and 
other fungi. 

There is little use in developing a heat disinfestation 
treatment that satisfies all the cnt1l1l1()logicai require
ments if the fruit arc physically damaged. or reduced in 
postharvest quality through disease or physiological 
changes. 

In this paper, we report on the effects of heat disin
festation treatments on both quality and disease control 
of mangoes throughout the world. We conclude by out
lining some arl'as of research that remain to bc 
addressed. 

The Effect of Hot-water Disinfestation 
Treatments on Fruit Quality 

Water is a more efficicnt heat transfer mediu1l1 than air, 
having a higher heat transfer coefficient (Stewart et al. 
1(90). Consequently. quarantine hot-water treatments 
arc shorter than hot -air treatments. because of the higher 
specific heal and rate of heat transfer tll the fruit in water 
(Mangan and Ingle 19(2). 

Hot water is approved by the United States Animal 
and Plant Health Inspection Service (APJlIS) for the 
control of fruit tlies occurring in the Caribbean and 
Central and South America. in mang()es imported int() 



the United States, and mangoes exported from Florida to 
other states (Nascimento et al. 1992), 

Sharp and Spalding (1984) developed a hot-water 
treatment for Florida 'Tommy Atkins' and 'Keitt' man
goes against Caribbean fruit tlies [Anastrepha suspensa 
(Loew)]. This involved submerging fruit in 46.1 DC 
water for 45--65 minutes. They reported that ripe colour 
developed similarly in all mangoes, regardless of treat
ment and no off-flavours were detected in informal taste 
tests. Injury in the form of moderate to severe scald was 
recorded in 6% of the fruit. 

Similarly, Sharp (1986) assessed 'Tommy Atkins' 
and' Keitt' mangoes which had been submerged at the 
mature-green stage in 46.1--46.7 D C water for 75 min
utes. After 5 days at 25.6D C, fruit were examined for 
scald and pitting of the epidermis_ No visible signs of 
damage were noted. 

A more detailed physiological assessment was made 
by Spalding et al. (1988) for 'Tommy Atkins' and 
'Keitt' mangoes following hot-water immersion. Man
goes were immersed in water for 60 to 120 minutes at 
46°C or for 60 minutes at 49°C, then stored for 3 days at 
13 DC (to simulate domestic shipping) and ripened at 
24DC, Treated fruit exhibited a higher percentage of ripe 
peel colour compared with untreated fruit. Ripening 
time, pH, total titratablc acidity, ascorbic acid, and per
cent soluble solids were not affected. Lenticels were 
darker on 'Tommy Atkins' immersed in water for 120 
minutes at 46D C, on 'Keitt' immersed in water for 90 
mir,utes at 46D C, and on both cultivars imlllersed in 
water for 60 minutes at 49°C, when compared to 
untreated fruit. No significant scald or brown discolora
tion of the peel developed after any treatment. No 
adven;e changes in either the texture or Ilavour of the 
mangces treated in hot water were noted in the informal 
ta:;te tests. They concluded that hot water at 46 D C for 
60-90 minutes would not harm the quality of 'Tommy 
Atkins' or 'Keitt' mangoes if used as a quarantine treat
ment. 

Sharp et al. (1988) reported on hot-water treatments 
for the Haitian mango variety 'Francis' infested with 
West Indian fruit fly [Anastrepha ohliqua (Macquart) I 
and Caribbean fruit tly. Fruit were submerged in water 
at !+6,I-46.rC for 75 minutes and then stored at 25-
27 DC for 8 days without being damaged, No reduction in 
(juality W.IS observed if fruit were treated with 46.1-
46.7 DC water for 2 hours and then refrigerated at I I_I DC 
for 7 days. Qualitative evaluations were made to assess 
the mark,:t value (quality) of treated fruit. Scoring was 
based on firmness and ripeness (using a 1-5 scale, where 
I ., overripe, past use and 5 = hard, does not yield to 
modr:rate pressure). Other assessments made of quality 
wee based on mango taste and aroma. Percentage of 
acceptabJ; mangoes treated with hot water at 46,1-
46.7 D C jecreased as exposure time increased. Aftcr 4 
hours c;,posure, all mangoes were damaged and were 
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not acceptable. Based on this research, a hot water 
treatment was approved by APHIS for 'Francis' man
goes from Haiti imported into the United States. 

In a summary paper by Sharp (1988), no damage was 
reported to have occurred to mango cultivars 'Francis', 
'Oro', 'Ataulfo', 'Tommy Atkins', 'Keitt', and 'Haden' 
following hot water treatments of 46.1 ±0.5 D C for 75 
minutes (,Francis') and 90 minutes (other cultivars). 
Confirmatory tests provided quarantine security for 
these mangoes from Haiti and Mexico, where large
scale commercial hot-water facilities had been built. 

Confirmatory entomological tests carried out on 
'Tommy Atkins', 'Keitt', 'Jubilee', and 'Kent' mangoes 
from Florida immersed in hot water at 46.1- 46.7 DC for 
90 minutes (Sharp et al. 1989a) did not provide any fur
ther detailed fruit quality evaluations. 

Mango cultivars 'Oro', 'Kent', "Tommy Atkins', 
'Keitt', and 'Haden' from Mexico were immersed in 
46.1 DC water for quarantine treatments against Mexican 
fruit tly [AI1(lSlrepha luclens (Loew)] amI West Indian 
fruit tly (Sharp et al. 1989b), The market quality was 
determincd using qualitative evaluations of shrivelling, 
scald, taste, colour, aroma, ripeness, and firmness. 'Oro' 
mangoes werc not damaged up to 75 minutes immersion 
time. However, as exposure time increased, the percent
age of acceptable fruit declined. 'Kent', 'Tommy 
Atkins', and "Keitt' mangoes were not damaged after 
immersion in water at 46.1 DC for 90 minutes and subse
quent refrigeration at 11.1 DC for 7, Ii, and J 4 days_ 
'Haden' mangoes immersed in water at 46_1 °C for 90 
minutes, not refrigerated, but held at 23.9± J DC were 
acceptable for 12 days. It was reported that damage such 
as bruising, not evident before the hot-water immersion, 
may have been intensified by the treatment. Quality of 
the mangoes after treatment depended on cultivar, fruit 
maturity, size and shape, and handling procedurcs_ 
TIlerefore, it was recommended that fruit be treated at 
the mature-green stage and handled carefully to avoid 
damage. 

In another study by Sharp et al. (1989c),' Ataulfo' 
mangoes from Chiapas, Mexico were immersed in hot 
water for treatment against Mediterranean fruit Ily 
l Ceratitis capitala (Wiedemann)] and Anastrepha ser
pentin(l (Wiedemann). Market quality of the fruit was 
evaluated as in their previous research (Sharp et al. 
J989a,b). Most mangoes (93%) were acceptable if 
immersed in water at 46.1 DC for 90 minutes and refrig
erated at I 1.1 DC for 14 days. Only 10(fc were acceptable 
if refrigerated for 21 days. Immature fruit treated with 
hot water usually did not ripen and became shrivelled. 
TIlcse damaged mangoes had internal vacuous areas. 
Overripe mangoes treated with hot water occasionally 
had darkened and depressed lenticels on the peel. Fac
tors such as stage of ripeness, fruit sile, and handling 
procedures were again mentioned as affecting market 
quality of the hot-water treated fruit. 



The culmination of all this American research, was 
that hot-water quarantine treatmcnts were put in place 
commercially. The phvsiological responses of the fruit 
to the heat treatmcnts mentioned in these papers and 
rcports have concentratcd on qualitative measures. par
ticularly damage symptoms. Mango cultivars reacted 
differently to hot-water immCfsion. which is rcflcctcd in 
thc different treatmcnt times at 4().1 dc. Thc researchers 
also acknov,'ledged the innuence of fruit size, stage of 
ripeness, fruit maturity, and postharvest handling pro
cedures on final mango quality after these quarantine 
treatments. 

Research in Puert() Rico by Diaz et al. (198R) using 
hot-water quarantine treatmcnts against Caribbean fruit 
fly on grcen-mature mangu varieties 'Irwin', 'Parvin'. 
and' Keitt' reported no change in the physical. chemical. 
and organoleptic characteristics of the fruit after treat
ment. Fruit were immcrsed in 46.1 °C water for O-IRO 
minutes and thl'n cool stored (I () I-'°C) for 7 21 days, 
Soluble solids, plI, titratable acidity, total sugars, tex
ture, taste, and appearance were the quality parameters 
measured. OilTerences in times to ripen were noted 
between the three varieties'Parvin' fruit failed to ripen 
with the 180 minutes heat treatment. 

A more detailed physiolngical assessment was con
ducted on 'Tommy Atkins', 'Keitt', and 'Palmer' from 
Florida using hot-water immersion for ')0 115 minutes 
at constant 4tj°C and hot-water immersion with a grad
ual temperature rise at 48°(', After treatment. fruit were 
stored at 13°C for 7 days and ripened at 24°C for 7 days 
(McGuire 1991). The treatments \\ierl' against Caribbean 
fruit Ily. Weight loss, injury ratings, firmness (using an 
Instron), and skin colour (using a Chroma meter) were 
measured. :--lo injuries developed on fruit Df any variety 
as a result of the hot-water treatments. Weight loss was 
greater in heated fruit. Gradient hot-water immersion 
accelerated fruit softening during storage. Both treat
ments caused a slight (but significant) increase in yellow 
pigmentation of the mango skin. 

Brazilian testing of 'Tommy Atkins', 'Haden', and 
'Keitt' mangoes using hot water (45.9 .. 4().-'°C for 90 
minutes) against the South American fruit fly [A.ji·(Jlcr
eu/us (Wiedemann)[, the West Indian fruit fly, and the 
Mediterranean fruit fly did not include any reports of 
physiological testing of the fruit response (Nascimento 
ct al. 1992), 

The 'window' of successful heat treatment can be 
narrow. Heat treatments can be phytotoxic at their limit. 
Degradation of fruit quality, appearance, and palatabil
ity (including scald, formation (If fibrous pockets, ami 
oil-flavours) have been recorded under cOllllllercial 
conditions where fruit condition, handling, ami temper
atures arc less l'ontrolled than laboratory conditions 
[unpublished data cited by ;v1angan and Ingle (I')')])]. 

Australian research by Smith and Chin (I')~()) com
pared mango cultivars 'Kensington Pride', . Irwin'_ 
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'Haden', 'Tommy Atkins', and 'Strawberry' using a 
range of hot-water immersion treatments between 30 
and 9() rninutes at 42- 4RoC against the I'ruit fly J)aclis 

wIlii/onis (May). Physiological characters or weight 
loss, maturatIOn time, skin softness, skin colour. skin 
appearancc, sapburn, blemish, tlesh colour. smell. ('; 
sligar. pH, scald damage, and marketability were nlL'~IS
ured. AI! five mango cuitivars could be damaged by the 
dipping treatment. 'Haden' and 'Kensingtnl1 Pride' 
being the most susceptible and' Irwin' the least. Fruit 
treated un the day of harvest often exhibited severe sur
face scalding within 5--() days (with immersion time as 
low as -'0 minutes). Damage was reduced by allowing 
24--4X hours between harvest and heat treatment. Stor
ing fruit at I :l°C bcl'ore treatmcnt also rendered fruit 
unmarketable. 'nlere appeared to be no ditlcrence in 
measured characters between marketable treated and 
control (untreated) fruit. 

Preliminary studies into the physiological crfects of 
hot-water treatments on 'Kensington' mango were 
reported by Jacobi and Wong (19<) I). Fruit were 
immersed in water at 48-56°C for 20 minutes, Skin 
scalding, abnormal skin colour development with ripen
ing, damaged lent ice Is, and accelerated respiration rates 
occurred with the 56°(' treatment. The 52°C treatment 
shortened the fruit ripening time and caused high prc
climacteric respiration rates compared with untreated 
fruit. Ilowever, this treatment enhanced the rruit 
appearance, producing a full even skin colour with no 
scalding when the fruit ripened. 

This research was expanded to investigate the 
response of 'Kensington' mango from thrce production 
n:llions to an experimental quarantine schedule of 4rC 
fruit core temperature for 7.5---'0 minutes against 
Queensland fruit Ily (Baclroccra IrV(}lli Froggatt) and 
fvkditerranean fruit fly (Jacobi and Wong 19(2). Fruit 
softening, skin colour development, and fruit injury 
were investigated, Hot-water treatment signiricantly 
reduced time to first softening, Colour development was 
slightly higher than in untreated fruit. but was uneven in 
some hot-water treated fruit which had becn injured. 
Production region and/or fruit maturity influenced the 
response of fruit to the treatments. HOI-waler treated 
fruit were injured externally and internally. Skin scald, 
starchy layer development under the skin, internal cavi
ties, and 'ricy' (starchy) spots within the pulp were 
recorded across treatments and production regions. This 
research has since continued, investigating means of 
avoiding such hot-water injury using ditlerent heating 
regi mes ~md pre-conditioning of 'Kensington' nnngo 
with hot air before hot-water immersion. The nature of 
these heat injuries has also been studied using electron 
lllicrDsL'ope techniques. A program examining the car
bohydrate metabolism of heat-treated mango has also 
been initiated (Jacobi, unpublished data). 



The Effect of Hot-water Disinfestation 
Treatments on Disease Control 

Hot-water immersion has been used commercially for 
the control of postharvest disease in mango for many 
years. Typically, immersion temperatures range from 
51-55°C for times of up to 15 minutes (pennock and 
Maldonaldo 1962; Smoot and Segall 1963). Fungicides 
such as benomyl, thiabendazole, and imazalil are often 
added to hot-water dips to improve disease control effi
cacy (Spalding and Reeder 1972; Muirhead 1976; 
Spalding and Reeder 1986). Because of the short dura
tion of such treatments, they are effective in raising the 
temperature of only the fruit surface. While surface 
heating is often sufficient to kill fungal pathogens, it 
does not kill fruit fly larval stages which may be present 
anywhere in the t1esh of infested fruit. This is why heat 
treatments developed specifically for the purpose of 
fruit fly disinfestation in mango involve the gradual 
heating of fruit over relatively long (ca. 1-2 hours) 
times. 

Decay due to anthracnose and stem-end rot was 
reduced by up to 36% in 'Tommy Atkins' and 'Keitt' 
mangoes immersed in hot water at 46°C (65 minutes) for 
the quarantine control of Caribbean fruit f1y (Sharp and 
Spalding 1984). In a more detailed evaluation of hot
water disinfestation treatments, Spalding et al. (1988) 
found that treatment at 46°C for 60-20 minute reduced 
anthracnose in 'Keitt' mangoes and stem end rot in both 
'Keitt' and 'Tommy Atkins' mangoes. Treatment at 
49°C for 60 minute reduced anthracnose in 'Keitt' and 
stem end rot in 'Tommy Atkins' mangoes. Treatment at 
46°C for 60-90 minutes, did not damage market quality. 

McGuire (1991) compared the disease control effi
cacy of hot-water and hot-air treatments developed for 
the disinfestation of mangoes against Caribbean fruit 
flies. Immersion in hot water at a constant 46°C gave 
better control of anthracnose in 'Tommy Atkins', 
'Keitt', and 'Palmer' mangoes than exposure to forced 
hot air at 46° or 48°C. The hot-water treatment also gave 
good control of stem-end rot in 'Tommy Atkins' and 
'Keitt' mangoes. In contrast, a hot-water treatment 
(46°C) developed for the quarantine disinfestation of 
'Kensington' mangoes against Queensland fruit t1y gave 
no control of anthracnose. Indeed it increased levels of 
stem end rot in fruit ripened at 22°C (Jacobi and Coates, 
unpublished data). 

The Effect of Hot-air Disinfestation 
Treatments on Fruit Quality 

Hot air is another method of applying heat to mangoes to 
disinfest them of fruit f1ies. The first literature report of 
a vapour-heat treatment for mangoes was made by 
Balock and Starr (1945). The treatment was designed to 
disinfest fruit of Mexican fruit fly with treatment periods 
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of 8-13 hours. The first 8 hours represented the approach 
period needed to reach temperature equilibrium at 
43.3°C. No fruit physiological measures were mentioned 
in this report. High humidity hot-air (HHHA), or 
vapour-heat treatments where the relative humidity of 
treatment is above 95%, are favoured by the Japanese for 
their imported mangoes. This technique is being used 
commercially in Thailand and the Philippines for the 
export of (heir 'Nang Klangwan' and 'Carabao' man
goes, respectively, to Japan. Sunagawa et al. (1987) 
reported an experimental vapour-heat treatment of 
43.5°±0.5°C fruit temperature for 3 hours completely 
killing all stages of melon fly (Dacus cucurbitae Coquil
lett) without causing fruit injury. However, a 47.5°± 
0.5°C treatment for 3 hours did cause some fruit injury. 
An experimental vapour-heat protocol has been devel
oped in Australia for export of 'Kensington' mango to 
Japan (Heard et al. 1992; Jacobi and Wong 1992). 

Research in the USA has concentrated on forced 
hot-air treatments where hot air raises the temperature 
of the fruit slowly, but the dewpoint temperature is 
maintained below the level at which surface condensa
tion would form (McGuire 1991). Sharp et al. (1991) 
reported the development of a hot-air treatment device 
that precisely controls temperature and relative humid
ity inside the treatment area and on fruit surfaces. The 
authors suggest that condensation on fruit surfaces may 
have caused scald and fruit desiccation. 

McGuire (1991) examined an experimental forced 
hot-air treatment of 46°C for 195 minutes or 48°C for 
150 minutes (58-90% relative humidity) for disinfesta
tion of 'Tommy Atkins', 'Keitt', and 'Palmer'against 
Caribbean fruit fly. Quantitative measures were made of 
the fruit's physiological responses including weight 
loss, injury ratings, firmness (using an Instron), and skin 
colour (using a Chroma meter for Lab values). Hot-air 
treated mangoes did not develop any injuries from any 
treatment (across all cultivars). Weight loss was signifi
cantly higher, fruit softening accelerated, and yellow 
pigmentation increased in treated fruit. The 48°C treat
ment was preferred over the 46°C treatment because it 
was tolerated well by the mangoes and provided a 
shorter treatment time. 

Miller et al. (1991) treated 'Tommy Atkins' mangoes 
from Florida with forced hot air at 51.5°C for 125 min
utes and then stored them for I, 2, or 3 weeks at 12°C, 
followed by 2I °C until fruit were soft-ripe. Quality was 
then compared with untreated fruit. Treated fruit lost 1% 
more fresh weight than untreated, and developed trace 
amounts of peel pitting, that were not expected to influ
ence consumer acceptance. Tota! soluble solids, peel 
colour (based on a rating scale of I to 5), and flavour 
were similar between treated and untreated fruit. Fruit 
riperring was influenced by the forced hot-air treatment, 
with fruit reaching the soft-ripe stage approximately I 
day earlier than untreated fruit. 



Mexican 'Haden'. 'Tommy Atkins'. 'Kent", and 
'Keitt' mangoes were evaluated for quality after forccd 
hot-air quarantine trcatments against West Indian fruit 
fly involving a seed surface temperature of 48°C for 
101-213 minutcs (Mangan and Ingle 1992). Evaluation 
criteria included external and internal appearance, 
colour, pulp odour, flavour, texture, and overall quality. 
Consumcr panels found no difference in taste, odour, or 
ovcrall acceptability of treated fruit. In some cases, 
superior ratings of appearance factors were given to 
heated fruit compared with controls. Mangoes stored at 
15°C for 1-2 weeks after forced hot-air treatmcnt were 
not different to contmls. It was suggested that heat
treated fruit may be more susceptiblc to damage from 
commercial handling procedures than untreated fruit. 

Some physiological responscs by mango to vapour
heat treatments have bcc'n reported by Mitcham and 
McDonald (1992). The authors do not state specific 
mango varieties or treatment conditi<lns. Respiration 
rate increased during heat treatment and remained ele
vated several days after treatment. CO2 accumulated to 
13% and 0 0 decreased to 7% in the internal atmosphcre 
of vapour-h"cated mangoes. Ethanol, methanol, and ace
taldehyde concentration increased, electrolyte leakage 
was higher, and ethylene-fonning enzyme (EFE) activ
ity decreased immediately after heat treatment. How
ever, 3 days after treatment, electrolyte leakage 
decreased to control levels and EFE activity recovered. 
The treatment also reduced the rate of ripening. The 
authors suggest this may be due In part to a reduction in 
polygalacturonase and cellulase activities. They con
cluded that mango rec<lvcrcd lnHll vapour-heat quaran
tine treatments and the techmque may bc' beneficial in 
extending shelf life. 

Vapour-heat treatmcnts using Japanese technology 
have been developed for commcrcial usage by Thailand 
and the Philippines I'm expllrt mangoes. 

At present, Thailand exports 'Nang Klangwan' man
goes to Japan using a vapour- heat treatment of fruit cme 
temperature being raised to 46.5°C and maintained for 
10 minutes, with treatment chamber temperature set at 
47.5°C and relative humidity 100% (Unahawatti ct al. 
1986). In association with the large-scale di,infestation 
tests. specific fruit injury tests were carried out simulat
ing air and sea shipments to Japan. These tests inv(,lved 
heating the fruit core to 48.5°C for 0-120 minutc'. 
Parameters of weight loss. appearance. pulp colour, 
taste, brix, and acidity Wl'lC measured. Vapour-heat 
treated mangoes lost slightly lIlore weight than untreated 
fruit, but this was cnnclulinl not to affect marketability. 
The appearance, aruma. and !bvour of treated 'Nang 
Klangwan' mangoes was flot impaired, and in some 
cases was improved over untreated fruit. 

Research continues in Thailand into vapour-heat 
treatment for other mango cultivars to potentially 
expand their export market to Japan, Cultivars 'Rad·. 
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'Pimsen Dieng'. and 'Nalll Doc Mai' arc being tested 
(Jacobi, unpublished data). 

A vapour-heat treatillent protocol using Japanese 
technology was developed in the Philippines for disin
festation of export 'Carabao' mango to Japan (Merino et 
al. 1985). The target pests were oriental fruit tly (Dacus 
dorsalis Hendel) and Illelon fly. The treatment involved 
raising the fruit core temperature to 46°C and holding it 
there for 10 minutes. Treatment time averaged I hour 46 
minutes to I hour 56 minutes with relative hUlllidity 
exceeding 95% within 15 minutes. As part of the proto
col submission to the Japanese Government, fruit injury 
tests were carried out. The following quality parameters 
were measured: weight loss, appearance, pH, acidity (0/< 
citric acid). bri.\ (sugar contcnt). colour, aroma, and 11a
vour. The treatment regime for these tests was more 
severe than the recolllillended vapour-heat protocol. 
Fruit were subjected to a fruit core of 46,47, and 4HoC 
for 0, I, and ~ hours. The tests also simulated storage 
conditions uf air and sea shipment to Japan. With all 
tests, no significant differences were observed between 
treated and untreated mangoes in all parameters meas
ured. The researchers concluded that the vapour-heat 
treatmcnts did not injure 'Carabao' mango and did not 
adverscly affect palatability or shelf life of the fru it. 

Esguerra and Lizada (1990) have investigated the 
quality of vapour-heat-treated Philippine 'Carabao' 
mangoes in more detail. Fruit from differcnt production 
regions and at two maturity stages were subjected to 
vapour-heat treatment at a pulp temperature of 46°C for 
10 minutes, with the fruit then ripened at 25°C, Peel 
colour development was not accelerated by treatment. 
except in immature t'nI it from one of the production 
regions. A greater propllrtion of vapour-heat-treated 
fruit attained full yellow colour. [\0 adverse effect on 
visual quality was ubserved at tahk-ripe stage. Internal 
breakdown (IB) is a disorder where spongy tissue is 
present in the inner mesoearp of the mango. Vapour
heat treatment induced this disorder in 'Carabao' with 
symptoms not apparent until table-ripe stage. No exter
nal symptoms were visible on IB-alTccted fruit. The 
researchers suggest that susceptibility to this disorder 
was influenced by fruit maturity. Vapour-heat treatment 
also increased respiration rates, with some fruit having 
reduced oxygen and increased carbon dioxide kvels 
internally. Fruit uninjured by the heat treatment had 
physicochemical and senSllrY l'haracteristics compara
ble with those of untreated fruit. Fruits from different 
production regiolls varied in their response to treat
ment. 

Australian resc'archers have dnelopcd an experi
mental vapour-heat protlll'ol suitahle for disinfesting 
Queensland fruit fly and i'vkditerranean fruit fly of 
'Kensington' mango for the Japanese market (Heather 
et al. 1991), Physiological studies have been carried out 
into the response of 'Kensington' fruit to the treatment. 



Several parameters wcre measured, including total 
solids (%), eating quality, time for fruit to soften, skin 
colour development, and fruit injury, ovcr a range of 
vapour-heat treatments from fruit core 47°C for 75-30 
minutes and three production regions, The treatment did 
not alter total solids or eating quality, but did reduce the 
time for fruit to soften, The rate of skin colour develop
ment was slightly higher for vapour-heated fruit. Fruit 
injury, in the form of external skin scald, varied in 
severity with production region. For one region, no scald 
was recorded, while for another, low levels (2-8(k of 
total fruit treated) occurred with most treatments. It is 
important to note that the recnmmended protocol for 
treatment was set at fruit core temperature 46.5°C held 
for 10 minutes. TI1C physiological studies were carried 
out considerably in excess of the disinfestation sched
ule, allowing for a 'window' of treatment. 

In addition to this protocol dcvelopment. Jacobi and 
Wong (1992) have reported on supplemcntary studies 
into the physiological response of 'Kensi ngton' mango 
to vapour-heat treatment. The reduction of softening 
time and the increased skin colour development of 
vapour-heat treated fruit were confirmed. Production 
region and/or fruit maturity were found to influence the 
response of fruit to the treatment. This research has been 
expanded to investigate the effect of fruit maturity, and 
to simulation trials testing the recommended vapour
heat protocol in association with cool storage (Jacobi, 
unpubl ished data). 

The Effect of Hot-air Disinfestation 
Treatments on Disease Control 

Esguerra and Lizada (1990) evaluatcd the disease con
trol efficacy of a high humidity hot-air (HHHA) treat
ment developed for the disini'cstation nf 'Carabao' 
mangoes against oriental fruit fly ami melon fly. The 
incidence of anthracnose and stem-cnd rot was signifi
cantly reduced in mangoes heated to a core tcmperature 
of 46°C for 10 minutes, although the onset of decay was 
not delayed by the treatment. 

Coates et al. (1993) also found that HHHA treatment 
gave good control of anthracnose in 'Kensington' man
goes ripened at 23°C, although treatment efficacy was 
reduced when fruit were cool-stored for 14 days before 
ripening. A combination treatment consisting of HHHA 
followed by either hot benomyl or unheated prochloraz 
gave complete control 01' anthracnose in cool-stored 
mangoes. Stem-end rot was not satisl'actorily controlled 
by HHHA treatmcnt. A supplemcntary hot benomyl 
treatment was required for acceptable control of this 
disease. 

Treatment of mangoes with forccd hot air (58-90% 
relative humidity) at 4()o or 4Xo(' for the quarantine dis
infestation of Caribbean fruit tl ies gave some control of 
anthracnose in the varieties 'Keill' and 'Palmer', but no 
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control in 'Tommy Atkins' mangoes (McGuire 1991). 
Hot-air treatment at 4()oC reduced stem-end rot levels in 
'Keill' mangoes only. while treatment at 48°C reduced 
levels in 'Palmer' mangoes only. 

Future Research Needed 

With the continuing worldwide trend away from the use 
of postharvest fungicides, more emphasis needs to be 
placed on the development of heat treatments which 
control both insects and pathogens in mango and other 
fruit crops, Such treatments may need to combine 
short-term exposurc to high temperature for the control 
of pathogens with the gradual heating required for fruit 
tly disinfestation. Future dcvclilplllcnt of heat treat
ments should also include investigations of the heat 
transfer characteristics ()( fruit cuticle and stem-end tis
sues, so that heat penetration to the infection site can be 
maximised. 

At present, there is still a largc number of questions to 
be answered as regards quality of heat-treated mangoes. 
A number of similar trends has emerged from the reports 
of qual ity around the world. The influence of production 
region, cultivar, fruit maturity, fruit size, stage of ripe
ness, and postharvest handling procedures are men
tioned by many researchers where hcat treatment has 
been examined experimentally or used commercially, 
Few basic physiological studies into the response of 
mango to heat treatments have been reported. 

An understanding of carbohydrate metabolism and 
softening processes, through studies of enzyme systems 
(e.g. amylase, polygalacturonase, and cellulase) may 
help explain the fruit behaviour. Numerous basic physi
ology studies have been conducted on heat-treated 
papaya (Paull 1990), lIeat-shock protein development, 
chloroplast activity, ethylene forming enzyme (EFE) 
activity, nucleic acid metabolism, and wall--degrading 
enzymes are some of the fruit physiological components 
that can be studied to provide answers to changes taking 
place within the fruit as a result of heat treatment. 

The differing response of mango to the heating 
medium (i.e. air or water) is also little understood. 
Research into heat transfer rate within the fruit and its 
effect on mango physiology arc untapped areas of study. 
The internal atmosphere of the mango may provide 
answers to some of the injuries observed. for example, 
the internal breakdown observed in some heat-treated 
Phil ippine 'Caraban' mangoes by Esguerra and Lizada 
(1990) has bcen associated with elevated CO2 and 
reduced 02 levels within the fruit (C,autam and Lizada 
1984). 

Basic physiology research will provide an insight into 
the changes occurring within the mango's various bio
chemical and molecular systems in response to heat 
treatment and may make possible a modification of the 
fruit response. Pre-conditioning of mango to withstand 



heat treatment is a practical demonstration of what can 
be achieved. While trends obSL'ned through empirical 
experimentation arc important. when backed up by basic 
research they will enable effective quarantine treatments 
to be developed which maintain fruit quality and satisfy 
market rcquirements. 
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Preharvest Fruit Fly Control: Strategies for the Tropics 

s. Vijaysegaran* 

Abstract 

Infestation by fruit flies (Tephritidae: Diptcra) is common in the tropics and is a major constraint to the production 
and export of tropical fruits. Recent studies have shown that there arc several species of economic importance in 
Southeast Asia. some of which have not been descrihed before. New host records also reveal a previously 
unknown distribution of pest species in the n:gion. Current control procedures include cover sprays of insecti
cides. spot sprays of protein baits. orchard sanitation. anu fruit wrapping. and seek to prevent uirect uamagc to 
fruits or arc aimeu at population suppression. mostly in indiviuual orchards. These field control techniques enable 
production of fruit of sufficient quality to meet the needs of domestic consumption as well as that for export to 
markets where fruit flies are not quarantine pests. Export to markets where fmit flies arc quarantine pests is a more 
complex situation and is primarily facilitated through auditional postharvest or ljuarantine disinfestation treat
ments. More effective strategies for the production of fruit for the domestic as well as the more stringent hut 
lucrative export markets arc discussed. 

TROPICAL fruits arc attractive commodities and arc 
being increasingly developed for domestic consumption 
as well as for export by many countries in the Asia and 
Pacific region. It was estimated in 1988 that this region 
had an annual fruit production of about 84 million 
tonnes which accounted for about 26% of the world's 
production, and with an annual growth rate of 4c/c) (Singh 
1991). The region also has a rich diversity of native and 
introduced fruits, some of which have already found 
lucrative international markets. and several others have 
good potential for commercial development. Countries 
like Thailand (US$909 million), Philippines (US$348 
million) and India (US$I 06 million) earn considerable 
income from exports of fruits (Singh 1991). 

Against this backdrop of a rapidly expanding fruit 
industry, we find that the region is also home to several 
species of highly damaging fruit tlies (Tephritidae: 
Diptera). Some of these such as the oriental fruit Ily. 
Bactrocera (previously Dacus) dorsalis (Hendel), and 
the melon Ily. B. cucurbitac Coquillet, are well known 
and recognised as major pests of international quaran
tine significance. Recent taxonomic and host range 
studies have also revealed new pest species and species 
complexes in most Southeast Asian countries (Drew and 
Hancock 1993). The success of any fruit industry, 

* Senior Research Officer. Fmit Research Division. Malaysian 
Agricultural Research & Development Institute. GPO Box 
12301. 50774 Kuala Lumpur. Malaysia. 
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whether it be for domestic consumption or for the export 
market is heavily dependent on sound fruit Ily control 
during the preharvest stage. This paper will examine the 
various problems associated with the development of 
high quality fruit industries in a region with several 
damaging species of endemic fruit flies. In addition, it 
will look at the various management strategies. using 
existing control techniques, that can be used to over
come the present problems. Suggestions are also made 
for more effective management of these notorious pests. 

Distribution of Economic Species 

Apart from adventive populations. the global distribu
tion of pestiferous tephritids appears to be geographi
cally distinct. The Anastrepha species are currently 
confined to south and central America and the West 
Indies where they infest a wide range of fruits. The 
genus Rhagoletis is found in South and Central America 
and in the temperate areas of Europe and North Amer
ica. The genus Ceratitis which includes the notorious 
Mediterranean fruit Ily (medlly) is believed to have 
originated in Africa. It has spread to many parts of the 
world including Western Australia but has not been 
reported from Asia. The genus Dacus is mainly from 
Africa and associated with t10wers and fruits of Cucur
bitaceae or pods of Asclepiadaceae. The Sactrocera 
spp. (formerly included in Dacus) are native to tropical 
Asia, Australia. and the South Pacific (White and 



E";on-Harris 1(92). This genus causes the greatest eco
nomic damage and is most important to countries in 
Asia and the Pacific and shall accordingly be treated in 
greater detail in this paper. A summary of the global 
distribution of fruit tly species within the five major 
genera is given in Table 1. 

Tropical Asia, which includes Indonesia to the west 
of Irian Jaya, the Ryukyu Islands of Japan, and China 
south of the Yangtze River, forms the Orienlal Region. 
This region, with its rich diversity of plant and animal 
life, has about 160 genera of tephritids, including :Jbout 
180 Bactrocera spp. and about 30 Dacus spp. (White 
and Elson-Harris 19(2). Australia and the New Guinea 
area form the Australasian reRion, and New Zealand 
and the Pacific Islands the Oceanic Region. About 130 
genera are found in these regions including about 270 
Bactrocera spp. and 27 Dacus spp. (White and Elson
Harris 1992). Fortunately the number of species causing 
economic damage is far less and 39 species of Buetroc-
era are currently recognised as being of major or poten
tial economic significance. The Oriental, Austnlasian 
and Oceanic regions share many climatic and vegeta
tional similarities. These similarities are favourable to 
the spread of pestiferous tephritids from one country to 
another. Details of the various pest species found in 
these regions have been summarised from Drew and 
Hancock (1993) and White and Elson-Harris (1992), 
and arc given in Tables 2, 3 and 4. 

Problems Associated with Fruit Flies in 
the Tropics 

Fruit produced in a country is usually directed to any of 
three main markets. It can be grown for domestic con
sumption, exported to foreign countries where quaran
tine is not a problem, or it can be exported to countries 
where quarantine is a problem and requires prescribed 

postharvest or quarantine disinfestation measures. 
Without sound fruit tly preharvest control, fruit produc
tion for any of these three markets will not be possible. 
This section describes the major problems associated 
with fruit !lies. 

Species complexes 

The oriental fruit lly, B. dorsalis. one of the world's 
most damaging tephritids, was for a long time consid
ered widespread in all Southeast Asian countries. 
Recent studies, however, on the taxonomy of fruit Ilies 
in southem Asia (Drew and Hancock 1(93) have 
revealed a vastly different picture of the pest species and 
their host ranges and distributions. The dorsalis com· 
plex comprises adults that arc morphologically very 
similar and often difficult to tell apart. Drew and Han
cock (1993) list 52 species in this complex in tropical 
Asia. of which fortunately only eight are of economic 
importance. Details of their distribution and host range 
are given in Table 2. 

The most significant aspect of this study is that the 
oriental fruit Ily is not present in Malaysia, Singapore, 
Brunei, Indonesia, or the Philippines, as was previously 
thought. Its distribution is more northern and limited to 
India, Sri Lanka, China, Taiwan, northern and central 
Thailand, Laos, Vietnam, Myanmar, and Cambodia. 
While this information is unlikely to change or affect 
existing quarantine-related restrictions on exports of 
fruits from this region, it has raised several important 
issues for countries in the region. 

Each country appears to have its own pest species. For 
example, the carambola fruit Ily (designated as Taxon 
A until formally described) is found in most countries of 
Southeast Asia except the Philippines, which has its own 
pest species, temporarily called Philippine B, not found 
elsewhere. B. caryac is presently found only in southern 

Table I. Global distribution of species within the five maJOr genera of tephritids (summarised from White and Elson·Harris 
1992) 

Genus Number of species found in various regions" 

Bo('froccra 

Dacus 
Ceratitis 
Anastrepila 
RlwRiJ/etis 

Oriental 

180 
30 

Australasian! 
Oceanic 

270 
27 

I 

Afro- tropical Neotropical Pa iaearctic 

14 U 
170 5 
65 

lKO 
11 22 

Nearctic 

20 
24 

a Oriental = Tropical A~ia, including Indonesia to the wc~t of Irian Jaya. the Ryukyu Islamls of Japan, and China south of the Yangtze River 
Australasian = Australia and Nev,' Guinea 
Oceanic = New Zealand and the Pacific Islands 
Palaearctic ~ Europe. temperate Asia. Middle East. and North Africa 
Ncarctic = Canada, USA. and northern mountains of Me:>.. iea 
Ncotropical = remaining areas of the Americas (South America. etc.) 
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Tahll' 2. Fruit flies of economic signiiicance in the Bllc/ruel'm dorslliis compic'x. 

Scicntific namc Common namt~ Lure 

R. ('(lr\'('{lC ll1ethyll'ugl"nol ('.IE) 

B. dorsall.' Oriental fruit Ily ME 

H.ocrilii/alis ME 

Ii. dorslliis complex (A)* Caramhola fly ME 

B. dorsalis compic'x (R)" Paraya j1y ME 

B. dOl'Salis complex (C)' '.IE 

B. dono/is complex ([))''' '.IE 

B. dorsalis compln (El' 

* Drl'w and f L.lllcock ( 199_~) I' Dr complc1l' ~pi.'('i('<.; names. 

[)istrihution 

SouthlTn India 

Southern China. Taiwan. Sri 
Lanka. India. Myanmar. 
northern and central Thailand. 
Vietnam. Lews. Camhodia. 
J\awaii 

Philippines 

Andaman Islands. Indonesia. 
;vlalaysia. Singapore. Taiwano 
Ad\'cntivc in Surinamc and 
Frcnch Guiana 

i\1alaysia. IndtH1l':-.ia. sOllthenl 
peninsular ·J11aiialH.l 

Phili[1pincs 

Sri Lanka 

Northern Thai land 

Commercial Hosts 

Citnl\, guava, mango 

Citrus, caramhola. glJa\'a, 

111ango. papaya. peach. 
pear 

Mango 

Comnwnh 

SlTi(lllS rh.'st 

'.lajnr pest of intl'mationaI 
<-juarantint'lmportance 

Serious pest of mango. Other 
host data lacking 

Carambola. guava. mango. \1ajor pest. Firc;l record of 
hreadfruit. and se\'eral nther 8oc/ruecrll spp. in S. America 
fruits 

HananJ.. carambnla. citrus. 
mango. papaya and orlll'rs 

Rreadfruit. mango 

Gnrcinia. mango 

Gua\'a. peach. pear 

\laJnr pcst 

l\laJOr pest. Host data lacking 

S,'riOlh pest. Host data lacking 

Serious req 
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Table 3. Fruit flic3 considered major or serious pests in the Uricntal. Australasian and Oceanic regiuns 

Scienrific name 

Bo('{rr)('/.'!'L! 

(ii"ilcro,\o 

13. ((lITtctO 

n. (,UCIUlIi,1 

8. (ut'urhiruc 

R, dcr'ijJic!l.1 

8. dl'pn',llu 
8 .it/( juli,\ 

B.jul"\n! 

8, kidi 

B. iOEUrrml' 

B. fIIt'fUlIOEd 

C()mmon n;lIlll' 

(:Ju,1\'(j fruit fl~ 

Cucu111bl..'r !ruit fly 
Melon rJ\ 

Solanum fruit fly 

H. IJIIHUC Banana fruit f1) 

B.lI('(lhuflJ('rulis 

H. jhi.I,IUlora(' 

H.!Ji'idii
H. Iou 

H. (ri1.'ialil 

H. tnoni 

n !IUf/C(lJII,1 

8 when u/u{o 
B. um!lro_"u 

B. rWlfliotic,\ 

B. :Of1Li!(/ 

Fili"J1 fruit fly 

QUl'l'I1"lanu fruit tl~ 

Jal'cHlt'\t' (,rJnge t1~ 

Pt'cKh fruit tl) 

Lure:\ 

\11: 

ct'l: 

CU: 

CLT \ \\cdk) 

ClT 

CLIO 

CUL 
ME 

CU' 

CUE 
ClT 

CUE 

CUE 

\lE 
\110 

MI: 

ME 

Sllur\',': COll1pikd trOIl1 \\'hI\l' <1lhl Fl"on I LIiTic, (1()l)2) 

Di\trihution 

PdPU,j )\;t'\\' C;uinl'a 

India. i\;cpal. Pi.lkiqan. Sri Lanka. Thailand 

:\lhlr~ilu 

()llt'ntal.\\i~1. )\l'\\ Ciuinca ~trca, Aov(:'ntl\(:' 
in l';\\k'rll .-\fril'a. t-b\\';!ii. \1auritiu\. R~union. 
Ir~Ul. SOk'llK)fl I". 
\·C\\' CiuineJ Mea: \'cw Rrit'-lin 

Jap,m (f.()U Ku hland\l. J'aiwClIl 
'I \..lIlg~\ 

Auqr,t1iCl 

SlHlth Pacific: Arnl'fic~!T1 <lnd \V\.'...;(crn Samoa 

China, India. Paki\1<Jn. Sri Lanka. Tai\',''-.tn. 
Lao\. Thailand. rvlalaysia. Vietnam. Advcntivc 
in Hawaii 
S. Pacific: Cook Islands 
Australia: eastern ()uccn:-.!ancL Papua Kc\\ 
Cuinc<l. Solomon J<; .. Bi"lllarck Archipelago 
Auqrali;l, Papua :-sit'\\' (}\linea 

S. Pacific: Fiji. Tong,\. Niue hland 

S. I\\cifi(: Nl'\\' C;ilcdoniJ 
()riental :\\i(1 

Indonl..'\ia dri'-Hl J,-!~a and SUhl\\'l'\i). 
Papua 1\C'\\' Ciuilll'<-I. All\tralia: T()rre\ Strait 
i,,]and\ 
All"tralia: l':J\(':rn Qlll'l'lls!anJ ;,mel ~>'-lqlTn 

NC'\\ South \\'aln, I\d\-entive in Papud :--Jt'\\ 

:--JC\\ Ciuinca and ~t'W Cakk()Tlia 
China. Japan Ku <l!1d K) lI"hll hLiIlLhl 
.\-lYi.mmar. S 111dibnd. \'it'tilarn 

Indol1c"ia. PhilirpillC-~. "outhcrn 
renin\ular Papud r<C'\\ Ciuint'd. 
Solo111on I\land,>. HOLl:::,aillvi!k [sland. I\C\\ 
Caledonia. and Vanui.ltu 
Cook hlamh. Fiji. Tong,c \'afllLitu. 
\Vcqern Samoa 
India. Sri Lank:!. Llo,>. Vietnam. 
1\, Thdil"nd (rdrc) 

(L \ 1 r" ~ rlh'!ti\ ll'ug~'l1ul: ('\ T = (' L1L'- lurL'. ,t \ D dl"l'!,1\ ~ phl'nyll--- 2 but~tnonc 

C011l1nl'rL'i:t1 H(),,[\ 

CUCUmOi..T. pUlllrd·, in. t(lm~do. 
\\;Jtt'rllleinfl 
Poly gu,\\;!. 1ll:lllg(). Pt'dl·h. 

"apll1'l and ()lhl'r" 

tOtlld\l). P:!P~\);! 

f'{i~hl~ p()l~ phCl~Ol.h, CourJ\. lUnd. ell<.. umh~'r. 
Illelon\. pumpkin\. <-Ind a \\ ide range ot (,thL'r 
cLlcurhih and \(Jllle ,(InK' non CUt'urhll th)'>h 

Pump~in 

CLlcumhl..'L pumpkin. tomato. \\'dt.l'rmci()Jl 

Polypha2='Clu\. A\'lx.'aL!(1. tx'll TWrpCL citrtJ'>. 
100rwto and other\ 

guava, mango 
Chilli. tOlnato. and :-.alinact'ou'..: crop" 

Citrus. gua\ :.1. mango 
i3ananCl. gum i.1. papay,\ 

citnJ\ 

Polyphagous. Apple. apfiClJl.l'Jtur". gUCI\Ll. 

tomato. and other\ 

A\'ocado. hreadfruit. CltrU\. gll;!\'~L mango. 

gua\ Ct. 

Cucumber. luna. a range of ()(Ik'r cucurhih 

CJua\'a. grapefruit. peach 

Highly polyphagou", Infc\!\ 
(limo\! all commercial fruit 
nop~ e\ccpt pineappk 
eitru\ 
!'-.-bngo. pe<Kh 
Brcadfruit. jackfruit 

Brt'adfruit. hell pcpper. citrus, guava. 
papJ) <I. tomato 
Polyphagou\. Apple, citru'>. guava. mango. 
,,,ugar apple. papaya. and othe-r..;; 

l'omn1l'rl!' 

St~riou\ pC'>l 

\Lti'Jl PC\[ 

Sniou\ r(>t 
\LJjl')' 11t:"t con,iJert::'J 
;1\ l)Jle of th(' t1loq 
Jamagillg h~phritid'l 
Sl'rtllll\ p~'\( uf 

Pl"t of nther 
Sefluu\ Pt".;t 
l\-'Lqor PCq 

Major pt:~t 

r-,.'bjor pe:-.t 

Sniuu'> pC\! 

Major pt'''l 

Potential 

Majnr Pl'\t of hanana. E~g\ laid 
IT1 ItllTlldtU!'(.' fruit 
t\bjor Pl'''!. 
"imll!t'HlI..'Oll\ly ink"tin!! fruit \\ ith 
H.fn(}Jli 

t\-Lt,i()r Pl'''! 

Sl'riou' Pl,,,t 

.\l'riou:.. pe'l Polt'ntial majur 
of cucurhit" 

Pl'\! 

\lajor ["ll''''t. 

Serinu" PC'-l of citru\ 
Serinu" pt'\t: 110\t data !ackill.~ 
'1criou " ~1(,\l 

i\-b,inr ('t'\t 

Major [lC..,\ 
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Table 4. Fmit flies that arc potential pests in the OriL'ntal. Australasian anu Oceanic regions. 

Scienti fie name 

B. albis/rlga/a 

13. "qlli/{)II'.' 

B. callrill/a 

B. clifTipelll7l.'I' 

B. rii.l/il1c/1i 

B. clili'l'.11I 

H.li-III1Cl1jdl/i 

H. mino.\ 

C01l11110n na111(' 

Chinese citrus 
fly 

Lure" 

CUE 

CUE 

CUE 

CUE 

CUE 

\olE 

CliE 

Source: compiled from Vv'hilt and Ll-,;oll-llarri\ (1992) 

d \11': = methyl C"ugcnol: CUE = Clie lurl' 

Distribution 

Inuonesia (Java, Lombok. Sulawesi. 
Sumatra). Peninsular Malaysia. 
southelll peninsular l11ailand 

Australia: 1"orthern Territory anu 
northl'l11 arl'as of Western Australia 

Oriental Asia 

S. Pacific: "ievv Caledonia. Vanuatu 

S. Pacific: American and Westell1 
Samoa. Fiji and Tonga 

China. southern India. Sri Lanka. 
Thailand 

Australia (Cape York Penll1sula). 
Papua 1"e\\ Guinea. SolonhlIl Is .. 
BougaiIllilie and Stuart Is .. South 
Pacific: BeLlll. Kiribati. \larshall Is .. 
"i. \larianas 

Bhutan. southclll China. India 
("estern Bengal and Sikkim) 

Commercial hosts 

Water-apple. rose--apple and 
Malay--applc (all SV,-vgiulIl sp.) 

Polyphagous. Ap(lle. cararnbola, 
guava. Inango. soursop. plum. 
peal'll. tomato anu others 

PUlllpkin flov,,'fs 

Citrus 

Breadfnut. star-apple 

Fi<'\\ers of pumpkin. luffa anu 
gouru,; 

Brl'adfruit. guava. Malay
:1J1pk. mango 

ennIS 

Comlllc'!1lS 

Potcntial pcst of other 
Sl':.1'giulII sp. 

Ovcrlapping and possibly 
hybridising with B. /ryon; 
ov('r much of its range 

l'olL'ntial pe,1 oj' cllcurhits 

POlL'ntlai Pc'st of citrus 

Pu(cntial pest of cucurbits 

POlL'ntial to become a 
problem in horticultural 
industrlcs 



India and Sri lanka while B. occipitalis occurs only in 
the Philippines. All eight species listed in Table 2 are 
major or serious pests and it is important to prevent 
adventive populations from estahlishing in areas where 
they currently do not exist. Adventive populations of 
Taxon B have recently invaded Australian territory in 
the Torrcs Strait and arc being targeted for eradication 
(R.A.I. Drew, pers. comm. 1(93). Such a situation 
hi~hlights the need for coulltries in the Asia and Pacific 
regions to reexamine their quarantine procedures to 
ensure that new pest species of fruit !lies do not spread to 
their countries. 

Damage 

Unlike temperate regions that have cold seasons that 
interrupt fly breeding. tropical regiolls arc warm and 
:t1low continuous cultivation. Coupled with monocul
IUIC offruits, this pmvides ideal conditions for fruit /lies 
\(1 Illultiply rapidly. If left unchecked. it is common to 
find that fruit flies build up to very high numbers and can 
destroy some fruit crops completely. Unprotected 
carambola readily suffers lOOo/r damage (Vijaysegaran 
1')\3), Damage to young lruits may cause premature 
fruit drop and oViposition puncture matts hlemish the 
fruit and reduce their market value. Measures taken to 
control fruit /ly damage also add to the cost of produc
tion. Tolerance to fruit tly damage is also extremely low. 
A kw larvae in a fruit. perhaps just one. i, olkn suffi·· 
,·il'f11 tlJ render it unsuitable for storage, sale. or human 
consumption. 

Another problem ()ftl~n overlooked is bacterial decay 
and contamination of rruil. Associated with oviposition 
and larval fel'(lil1~ arc bactt:ria 01 the family Elltcrobac
kriace3e (Drew and Lloyd 100! ). Some of these such as 
Klebsiella oxytoca and Enterobactl'r cloacae are com
monly found in the gastrointestinal tract and faecal 
matter of vertebrates. Consumption of large quantities 
(If these bactl'li;,. a, would be fount! in hl';lvily infested 
fruil. is not hy~ienlc and should be avoided. Fruit pro
duced in backyard and horne gardens often have high 
levels of larvae ancl the effects of unknowingly eating 
infested fruit needs fut1her investigation. 

Fruit flies dn not distinguish between fruit produced 
r<'l I,)cal consumption and tirat produced for ('."rort. Thl' 
losses caused arc the same at the preharvest level and it 
is a fallacy (o.l assume that fruit produced for the domes
tic mallet can sustam higher levels of fruit fly damage. 
Appmpriatc cunt" ,I measures have to be instituted to 
<.'n,sure clean fru it LII' all market,. 

Quarantine-related restrictions to l'xlwl·. 

T"'picai fruit qk'h as caraillboia and papaya from 
Southeast A51<J arc' currently exported without posthar
vest disinfestation treatments to several countries in 
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Europe where fruit flies are not quarantine pests. These 
two crops are often grown in areas that have high 
endemic populations of these pests. Good fruit lly con 
trol procedures, plus a stringent postharvest qual ity 
control scheme to ensure that fruits meet the high qual it) 
requirements of importing countries, results in exported 
fruits that arc almost free of fruit Ilies. However. despite 
the high quality control acceptable to importing coun
tries in Europe, without prescribed quaranline disinfes
tation treatments, these fruits still cannot penetrate large 
and lucrative markets like Japan and the USA. The 
presence of even a single species of fruit /ly of quaran· 
tine importance in the producing country is sufficient to 
restrict exports. Having several damaging species ~Hld 
species complexes greatly exacerbates the problem. 

From the data on the economic species, their host 
ranges and distribution given in Tables 2, 3, and 4, it is 
apparent that, even with the Asian region. there arc se\' 
eral highly damaging species whose spread to new area" 
would pose additional problems to the fruit industry. 
The question of how this risk can be minimised (by 
quarantine or other means) deserves greatcr atTention 
than so far received. 

Management Stratcgks 

Fruit flies arc endemic to almost all countries in the 
Asia--Pacifie region. Each country has its own pest spe· 
cies and constantly faccs Curther dangl'f from new intr·'· 
duetions. Therl' arc two bnlad strate)lics Cor combalin,' 
the problem. The first involves 'living with the pr\)blem' 
and is achieved by using a combination of population 
control/suppression techniques that prevents dire,'! 
damage to the fruit and redllces damaging populat it'n' 
of flies to tolerable levels. This apprll;tch appears l<) he 
practiced widely in many fruit-growing regiolls of Asia 
where fruit flies arc endemic. The second strategy is to 
'get rid of the problem' and is achieved bJ developing 
and impil'menting a preharvest quarantine system til.it 
enables production of fruit tutally free uf fruit flies. The 
two strategies arc summarised in Figure I and described 
in greater detail in the following section. 

Populati('n l'OntroVsupprl'ssion 

A number of specific techniques can be used to 
achieve control or suppression, 

iliatural ellemies 

In nature, fruit Ilies have many enemies th'l! reed on 
them. '!lle eggs. larvae. and pupana arc altad,e,i by a 
numher of parasitic Hymenoptera, particularly by spe
cies of Opiinae belonging to the Camill' Braconidal' 
(Christenson and Foote 1')1>0: Whart()n and Gilstrap 
19S3). Adults of sorne Sac/roeI'm spp, have a Slrcpsip-



teran parasite (Drew Jnd Allwood 19~5). The larval 
parasites have been well studied and, in biological con
trol programs, several species have been collected fmm 
their native areJS and introduced to areas where the pest 
!lies occur. These efforts have been reviewed by Whiir
ton (1()~9). Commonly used arc parasites belonging to 
the family Braconidae which include the genera Bio
slcres and Opius (Wharton 1989). The actual success 
achieved by these various biocontrol programs is diffi
cult to assess. Apart rrom the reports rram Hawaii 

(Newell and Haramoto 1968: Haramoto and Bess 1970) 
most tephritid biological control projects have railed to 
provide adequatc documentation of elTort (Whartoll 
1989). In individual orchards it is unlikely that biocon
trol agents by themselves can prov ide the degree or 
control required bv the industry. V ijaysegaran (1983) 
recorded high levels of parasitisation in eararnbola ,)Ver 
an I ~-m()nth study period but still ended up with ()ver 
90'Yn damage to fruits. Interest in parasites has been 
renewed by efforts in Hawaii to usc them as an adjunct 

Management Strategies 
for 

Fruit Flies Affecting Tropical Fruit 
Production 

I 
.-_____________ jrL ____________ -, 
I Live with the problem I 
~--------,-----------~ 

IL-G_e_t_r_id __ ()_f_th_e"_p_r_O_b,le_m __________ ~ 

• Population control/suppression Prcharvest Quarantine System 

~atural enemies I. Resistant cultivars/maturity stages 
2. Crop hygiene 2. Fly free zones/growing periods 
3. Male lures/annihilation 3. Eradication 
4. Fruit bagging 
5. Insecticides J. 
6. Spot sprays of protein haits r--------~----------, 
7. SIT ror population suppression I No rield control required I 

11-----__ ~~r----D-()-m-e-s-ti-e-l-.(-lI1-s-u-n-l-p,~,~ ----I~r -r------, 
L-______ ~ .. I Exports to non-quarantine sensitive L ... 

""I markets, e.g. Europe, Asia r .... IL-________________ ~ 

1 

I 

i r------------, r-- ----------, i 

I Postharvest quarantine r' __ ~.. Exports to quarantine sensitive markets, 
: disinfestation treatments," e.g:. USA, Japan 
L ____________ .J 

I No postharvest quarantine 1 I' 
+-j disinfestation required : 

L--------~==J 
Figure l. Flowchart outlining the two major strategies for managing the fruit f1y problem. the respc'clive tcchniqucs in use. and 

the resultIng markeh opcn to tropical fruits, 
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to the release of ,tnile flics III Hawaii (Vargas and 
Spencer 1991). Augmentativc release of parasites mass 
reared in the laboratory has been shown to be effective 
in suppressing native populations of me(tflies in Hawaii 
(Wong et al. 1991). 

Less is known about predation. Birds and .. ,.~ent3 
have been recorded as feeding readily on fruit Ill' larvae 
in fallen forest fruits. Ants (Wong et a!. 1984) and other 
ground dwelling insects such as Coleoptera, Neuroptera, 
and Hemiptera (Bateman 1972) probably do significant 
damage to larvae in fallen fruits and pupae in the soil. 

The sum total of the effect of parasites and predators 
is probably significant in nature. However. the level of 
control exerted by these agents is far below the demands 
of the fruit-growing industry. A few m even a single 
larva in a fruit is enough to have it rl'jected for con
sumption and the more stringent export market will not 
tolerate any larvae in fruit. It is unrealistic to expect nat
ural enemies to provide such a high dcgree of control. 
Nevertheless, their presence ,h"uld lx encouraged in 
orchards and supplementary methods that are not dele
terious to them should be adopted. 

Crop hvgicne 

The c'ljuable tropical elimate, combined with an 
abundance of host fruits under monoculture situations. 
enables uninterrupted breeding of fruit flies throughout 
the year. Sever,d of the damaging species of fruit Ilies 
exhibit the characteristics of 'R-selected' pests, i.e. they 
have a shllrt life cycle, breed rapidly. and multiply to 
high numbers whcn food is abundant. Breeding of fruit 
Ilies in unwanted fruit in tropical orchards is probably 
the biggest source of damaging populations. This has 
been reported for cararnbola (Viiayscgaran 19!D) and 
mixed fruit cultivation (Serit and Tan 19~6). 

It is thus very important to pre\cnt breeding of flies 
by removing and destroying all unwanted or fallen fruit. 
Such fruit can be destroyed by burning, or by burying in 
at least IS em of soil. In areas where several individual 
orchards are close to each other, it is important for all 
orchards to observe crop hygiene, for one neglected 
orchard can be the source of problems for the rest. Crop 
hygiene is not easy to implement and enforce but it is 
important to realise that it has to be integrated into the 
overall management of the orchard. If govemmental or 
institutional SUpp\,rt can be gained to implement and 
enforce an area-wide cmp san itation pmgrarn, fruit fly 
populations can be cllectin>ly reduced and managed 
with other techniques. 

Male lures/allracliillls 

The males of some species of fruit fiics arc strongly 
attracted to certain chemical compounds, some of wh ieh 
occur in nature. These compounds have heen called 
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'parapheronloncs' and a historical account of their dis
covery and attraction for various species of flies is given 
by Cunningham (1991). Methyl eugenol (ME) is per
haps one of the best known lures and is a constituent of 
many common plants. Males of many BaClrocera spe
cies are so strongly attracted to ME that they will feed on 
it until they die. Another attractant, Cue-lure (4-[0-
acclOxyphenyl]-2-butanone), is not found in nature. but 
its closely related analogue, the so-called raspberry 
ketone, docs occur in plants. 

The strong attraction of males to their respective 'par
apherornones' has been put to good usc in male annihi
lation programs. Its elTectivclll"S was first demonstrated 
on isolated islands, with the successful eradication of the 
oriental fruit 11y from the ~5 km" island of Rota in the 
Marianas (Steiner et al. 10(5). Similar success followed 
on the islands of Saipan and Tinian where fly popula
tions had first bl'l'n reduced by the sterile insect tech
nique (Steiner et al. 1970). Eradication programs in 
Japan (Kawasaki 1991) have relied on ME-assisted male 
annihilation and in Taiwan (Chiu and Chu 199 I) ME has 
been used in population suppression programs. 

Seven uf the eight species of flies in the dorsalis 
complex are attracted by ME (Table I) and it is an 
l'xciling proposition to attempt to control nics using this 
lure. However, attempts at male annihilation in non
isolated situations have not been as spectacular. Qurcshi 
~t al. (19f.: I) achieved 99% suppression of B. :.onala in 
a 10 ha guava orchard in Pakistan but were able to 
reduce the fruit infcstation to only 63% below that of 
untreated control. Ibrahim et al. (1079) reported a 209f., 
reduction in fruit ini"cstation in a 0.5 ha earambola 
orchard in \lalaysia after 5 weeks of trapping. I have 
repeated thl'se experiments at higher trap densities and 
over a longer period (I year) and have not been able to 
obtain any reduction in damage (\IARDI 19~ I). Bala
subramaniam et al. (1972) claim to have reduced the 
infestation by oriental fruit 11y in a 5 ha plum orchard 
from 20'/' (control orchard) to 3LJ" (treated orchard) by 
male trapping alone. Cunningham and Suda (19~6) 
tested male annihilation over much larger areas of a 62 
ha papaya orchard and achieved 990/0 redul'lion in pop
ulations of male oriental fruit fly but were able to obtain 
a reduction of only 44% in levels of fruit infestation. 

The usc of methyl eugenol in individual orchards in 
an assortment of traps (tin cans, used plastic containers, 
plastic bags. etc.) is commun in many Southeast Asian 
countries. However. when used alone in this manner for 
the protection of individual orchards, especially where 
fruit nics are cndemic, male lures appear to be of little 
value. While traps provide impressive catches of males, 
this alone has not becn provcn to be sufficient to disrupt 
mating. Large numbers of gravid females, unaffected by 
the lure, arc always present, both as resident populations 
and migrants from surrounding areas, and ready to ovi
posit in and damage fruits. 



Male annihilation may be more effective if carried out 
over large areas and could be useful for species such as 
the cawmhola fly that are plnlorninantly found in culti
vated areas and not in the rainforests. This has yet to be 
tested. TIll' long-term effects e)1' 'iuppressing male popu
latium; is n,)t known and the selection of non-responsi Vl' 

strains has been ljuc'stioned (Ito and Iwahashi 1974; 
Cunningham 1991) but never answered. 

The simultancous usc of male lures and prot,~in baits 
was found to be more etTcctive than either method used 
alone' rc'r the c'ontrol of Queensland fruit ny, H. /rwmi 
(Bateman et ai. 1973). Such <:,'mbined treatments acc' 
more likelv to provide the dL',:rC'C elf control requllL'd b) 
the industry anel should be tested in the tropics. 

Fruit wrapping/bagging 

Wrapping or bagging of individual fruits to prL'\enl 
ovipositielll and produce fruits pI high quality apP','ar:i tll 
be a strategy restricted to till' ASI~1l1 region. Tilc' bap, 
provide a cllntinuous physical barric'l to egg-Iayinl: froll! 
the time of bagging to harvest. Bagging is used exten
sively in carambola production in MalaYSIa which 
exported about US$I () million worth of thi, fruit in 
19S8. It is also used extensively in Taiwan for a varicty 
of fruit (Chellg and Lee 19() I) and. in the Philippines. tell 

mango (j lapil:ll1 and Casti lin I (n(,). 

Fruit wrapping is effective and ellables production ()l 
high quality fruit with good cosmetic appeal. It i., abu 
sil11ple to apply, highly effective, and has n(> deleterious 
side effects. There are some limitations. howcwr. to the 
adoption of this techniljue on a large scalc. Firstly, trees 
have to be a manageable height. St'clmdly, and perhaps 
the majm ull1straint, is that fruit wrapping IS L,b(lUI 
intellsivc'. The labour reljuirCmCnh ror carambol" ha \c 
been rcpmled by Vijaysegaran (l<)SS). While i: is rldl 

expected that fruit bagging wili be extended elr will be 
applicable to all fruit types. it will remain as a control 
system that enables production of certain high-quality 
fruits such as cararnbola and mango. 

JI1SCC lie·ide.1 

\\'hCl1 used to control fruit nil" and other important 
insect pests that plague fruit production, ins('('licides are 
usually applied to thoroughly drench the fruit and foli
age, and are referred to as cover sprays. Adult nics arc 
killed when they come into direct contact with the 
appliL'd insecticide or deposits which are lert 'ill the 
fruits amI foliage. In additioll, SUTllL' insecticide~ haH' ~l 

syskmic or penetrative action and arc absorbed illiO the 
fruit, killing any larvae and eggs that may be: present. 
Fenthion and dimethoate work well II1 this fashion and 
are commonly used as cover sprays in fruit pnlduction 
(Fletcher and Bateman 1982). They have also been 
shown tll be effective as postharvest dips for contr~)lli!1t' 

H. tryoni in tomatoes (Heather et al. 1987). Their usc in 
a postharvest disinfestation rule as a logical follow-on to 
their use in field control has been presented by Heather 
( 1989). 

In small orchards or domestil' gardens that have nn 
control over breeding populations or rI ies in the general 
area, cover sprays of insecticides provide control against 
gravid females from surrounding areas. Cover sprays of 
insecticides are reported to be commonly used in India 
(Agrawal and Mathur 1991) and the Philippines (Reje
sus et ai. 1991). A few inseeticidc~ arc also effective in 
preventing cmergence of adults from pupae when 
applied to the soil (Shaw and Riviello 1911 I; Mohamad 
et al. 1979). lIowever, because of its harsh cffects un 
ground flora and fauna, soil application of insecticides is 
usually carried out only in emergency situations to con
tain outbreaks in an eradication program (Ilagen et al. 
1981) and is not generally recommcnded as a control 
procedure for fruit flies in individual orchards. 

While insecticides arc effective. their application nUI\ 
have deleterilllls effects on nOll-target or beneficial 
organisms (predators, parasites, and pollinators) and 
may lead to residue problems in the harvested product. 
Greatly reduced fruit set and increased numbers of 
deformed fruit due to poor pollination have been 
observed for c"vlT-sprayed car-am hob (Vijaysegarall. 
unpublishL'd data). Consumers arc also becoming 
increasingly conscious of chemiLal residues in food. 
Most tropical frulls become increasingly attractive tu 
fruit nies near maturity at which time they require the 
greatest protection. Cover sprays of insecticidcs clnse to 
harvest pose a constant risk of excessive residuc's. Fruit 
flics arc not the only pests arrccling tropical fruit culti 
vation. Some other pests require rrequcilt cover sprays 
of insecticidl". In such a situati(lI1. fruit nics arc also 
controlled and it may be difficuit to filld suitable alter· 
native L'ontrols. When fruit flies are the sole or major 
pest. however, the use of insecticides alone as a long
tenn fruit Ily control technique is unwise. Horticultural 
indw-.tnes in the tropics should seck to minimise thc usc 
of insecticides by development and illlrnduction of sup
plementary or alternative control str-atcgies. 

Bair spral,' 

'111e c'oncept of attracting pestiferous !lies to a poi
soned bait and killing them befme they oviposit in fruits 
dates back to the latter part of the previous century. 
Roessler I. I <)S(») provides a historical U\'erv iew and a 
detailed C1l"Cilunt of the developillent and use of bail 
sprays around the \\ mid. Until 19:;2. the variety of sub
stances used as baits included. tor example. sugars, 
molasse,. syrups, fruit juices. and ammonia. In 1952, 
Steincr first used hydrolysed proteins together with 
sugar and parathion and demonstrated field control of 
fruit nics in Hawaii (Steiner 19:'·2). Several commercial 



fomlUlations of protein-based baits ha\l' since become 
available and hydrolysed and aut()lysed yeast is now 
also widely used. 

Protein baits work on the fact that immature flies. 
particularly the females, need proteins to reach sexual 
maturity. ·111ey therefore seek out proteinaceous sub
stances in the field and arc highly attracted to proteina
(.:cous solutions applied to the foliage of host and non
host plants. A small amount of poison (usually an 
insecticide) added to the bait will kill them before they 
reach sexual maturity. Bait sprays arc effective and 
ha ve been used for control in orchards as well as in 
eradication programs. 

In Malaysia, brewery waste Ius been successfully 
modified into a commercial fruit fly bait. Application of 
this bait with malathion as the insecticidc in spot sprays 
of 40 mL per tree to (lnly the foliage has provided 
excellent control of thc caraillboia fruit Ily (Vijaysega
ran 19K9). Such spot sprays av()iLi application to the 
fruit and have becn shown tll he safe to pollinating 
insects and other beneficial organisms. Increased fruit 
~,ct and formation due to better pollination togcther with 
better control <)1" other pests such as mites and lepidop
teran fruit bnrers have also been recorded. Bait spray
ing. particularly the use of hydrolysed protein or 
auto lysed yeast has proven highly successful in the 
USA (Steiner et al. 1961) and Australia (Bateman 19K2) 

Bait spraying is an effective way of suppressing 
damaging tly populatl<lI1s and should he extended to and 
tested on the variety of fruits cultivated in the Asian 
region. 

Sterile insect technique 

The sterile insect tcchniqul' (SIT) has heen used to 
eradicatc fruit flies in several parh of the world. Early 
examples were the eraliicatioll uf mclon r1y from the 
Mariana Islands (Steiner, et al. 1(65) and KWllC Island 
in Japan (lwahasi, 1977) as well as oriental fruit Ily from 
Guam (Steiner. et al. 1970). The most recent success is 
thc large eradication program in Okinawa, Japan, that 
has permitted declaration that Japan is free of oriental 
fruit tly and melon tly (Kawasaki 1(91). 

SIT has been extensively investigated in 13 species 
of tcphritids (Hooper 1989). Its use is also suppnrted by 
the International Atolllic Energy Agency. SIT is not a 
simple rrocedure. Its application involves significant 
time and money and a high degree ()r technical exper
tise. There arc several disnck compollents of the SIT 
that must be investigated 1<) ensure success of the pro
ject an(' these have been rcy iewed by Hooper (1991). 
Imporl<mt componl'nts includc: appropriate diets and 
mass-rearing techniques t" proclllCC SOO-1000 million 
individJals per week; suitable techniques to sterilise 
!lies: handling. transport and release methods; and 
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methods to evaluate the progrl'ss of the control or erad
ication program. 

In the Asian reg ion. apart from the successful pro
grams in Japan (Kawasaki 1l)l)I). SIT has been 
attempted in Thailand (Sutantawong 1(91) and the Phi
lippines (Manoto 1991) only on a pilot scale. As any 
one fruit type or a collection of fruits increases signifi
cantly in an area of production and becomes an impor
tant export commodity, the need for more elTective fruit 
tly control will arise and SIT will invariably be one of 
the options considered. It is thus important to examine 
the case for and against the use of SIT against the 
backdrop 01' the fruit industry in the Asian region. 

In this respect, the usc of SIT as a population sup
pression technique has been suggested by Hooper 
(1991) who secs Ill) reason why it shuuld not be used as 
a component or a pnpulatiofl suppression program pro
viding it is cost erkctive. Although it is initially expen
sive, SIT has the advantages of being target specific, 
with virtually flO 1Illt()\vard environmental side effects. 
It has, however, traditionally been attempted against a 
single species in an area. The Southeast Asian region, 
with its spl~cies complexes, poses a great challenge for 
SIT. A somewhat similar situation exists in Australia, 
where elimination by SIT of the major pest, 8. tryoni. 
could lead to resurgence of lesser known species that 
occupy the same hosts. The value of SIT unless directed 
at all infesting species has been questioned under these 
circumstances (Fletcher and Bateman 1l)~2). 

I'rcharvcst Quarantine System 

A quarantine system as defined by Armstrong ( 1(91) is 
a systems apprnach utilising various individual actions 
or treatments :,equentiallv so that their combined effects 
will provide auxptable statistical pmhability of quaran
tine security. Examples of preharvest quarantine sys
tems that generally preclude the need for or modify the 
severity of postharvest quarantine treatments arc as fol
lows: 

1. Certified non-host cuItivars or maturity stages 

Host-piant resistance is an important strategy in pest 
management in other crops that has been given vcry 
little attention for tephritids and is a largely under
exploited control strategy (Urc'aIlY 19K9). Although fruit 
flies have a vcry wide host range, they do not infest cer
tain types of fruits. DlIrian. for e,\ample, is not attacked 
probably becallsl' it has a thick and hard rind that ovi
positing !lics cannot penetrate. The npe pulp, however, 
is capable of supporting larval development (Vijayseg
aran, unpublished data). Apart from such physically 
endowed resistancl'. <)ther fruits have chemical as well 
as physical barriers to rIy attack. 



Citrus 

One of the hest understood mcchanisms of resistancc 
to tcphritid damage occurs in citrus fruit (reviews by 
Greany ct al. 19X:I. 19X5). Susceptibility to 111' dan1:lge 
is known to vary according to the species of lly. the 
degree of peel seneSCenCl\ ami th,' fruit type or cultivar 
RL'lationships betwccn lly oviposition behaviour and the 
oil content and softness of the peel arc discussed by 
Greany (19X91. Some citrus. such as California grown 
'Eureka' and 'Lisbon' lemons. are totally resistant and 
do not host medflies even at coml11ercialmaturity (Spit
ler et al. 19X41. Manipulation of resistance lIsing plant 
growth regulators has been demonstrated (Greany 
I ()X9). Many tropical fruits also show varying degrecs or 
susceptibility to fruit Ill' damage in their native areas. 
Practically no research has been cllnliucted to exploit 
hnst plant resisuillce in tropical fruits ami this is thus a 
challenging area for the future. 

There are no reports of commercially marketed pine
apple hosting fruit !lies and it has been established in 
Hawaii that cultivars with 50',:, or more 'Smooth Cay
enne' parentage are rcsistant to fruit nics (Armstrong et 
al. 1979: Armstrong and Var>!as 19X2). Based em its 
non-host status pineapple Illay be traded freely between 
countries and uSdally docs not face quarantine n:stric
tions related ttl fruit nics. 

Hot/una 

Many varieties of banana, even whcn ~rown in areas 
with high endemic populations of fruit fI ies. arc not 
infested at thc mature-green sta~e. 'vlature-grccn . 'vias' 
bananas grown in Malaysia have been exported for sev
eral years without Ljuarantine treatments to Japan. Japan 
also accepts Jllaturc-gn:cn bananas IroIll Central Ameri
can countries where the medlly and several species nf 
At/Ilslrep/w (lCCUL Inllawaii. the banana cultivars 'Bra~ 
lilian'. ·ValerY'. and ·Williams·. and 'Sharwil' avoca
docs arc also not infested at the mature-green stage 
(Armstrong I ()X:I: Armstrong ct al. I 9X:I). 

Although none or the economic species in Asia or the 
Americas infests green banana. a species of fruit fly. H. 
nlusac, which is currently found in southeastern 
Queensland, Papua \lew Guinea. and probably in 
Sulawcsi. Indonesia (White and Eison-liarris I ()(J2). 

does. It is a majnr pest in thcsc regions ,IS it lavs its e~gs 
in mature-green banana (MUSil f!oradi.liac(J) and dwarf 
banana (M. OCUII/illoto) (Drew 19X2). The eggs hatch as 
the fruits ripL'n. Thc pllssible spread of this pest to the 
major banana-growing regions of the world should be 
considered a serious threat. 

I'apava 

Papaya is infested to v'If'Jin~ c1cgrL'cs bv the oriental 
fruit fly. B. dorsalis, '{:rwaii. depending on the fruit 
ripeness (Sell ct al. • (. ). f'vlaturc-grL'l'n fruit are not 
attacKL'c1 and resista' ",IS been related to two eOIll
plllll1ds that arc reiea;,,'d ,jd!11 damaged. unripe papayas. 
These arc linalool and ben/.yl isothiocyanatc (BITe) 
(Seo et al. 19X:I). the former being quite toxic to the eggs 
and larvae (Greany 19X9). Seo et al. ( 19X:I) shmved that 
the latex produced by grecn papaya is an emulsion of 
bCll7ylglucosinolate. a precursor of BITe. They sug
gestcd that the concentration of B ITC was related to the 
,usceptibility of papaya because or its toxicity and 
deterrence to oviposition. In Malaysia. the cuitivar 
. Exotika 'vlalaysia' is widely grown and enjoys a good 
export market. It is ol'ten cultivated in areas with high 
endemic populations llf flies. and high quality fruit free 
of I'll' ini'estation is achieved by harvesting just before 
colour hreak. 

Otherji-uits 

Creany t 19X1)) provides examples \,1' other fruits. 
including apples. mangoes, and avoca(\()es. that exhibit 
varying degrees of resistanL'C to fruit flies. In tropical 
regions the intensity of J'iy atlal:k also varies according 
to the fruit type. Vijaysegaran (199 I) listcd the intensity 
of damage for fruit Illes to the fruits of major cconomic 
importance in Peninsular Malaysia (Tablc :,). 

Fruits such as carambola and guava are very heavily 
infestcd (up to IOOU", crop loss in unprotected situa
tions); othcrs such as banana. sapota. and papaya arc 
only infested when ripe: still others. sueh rarnbutan. 
mangostecn. and langsat. arc rarely infcstcd -- usually 
only when they ,Ire cracked or ripe on the tree. The 
export of fresh ralllhutan amlillangosteen faces quaran
tine restrictions beL'<luse of these rare infestations. How
evcr. it also suggests that there may he good 
opportunil.ies to select and develop resistant cuitivars 
and dctcrmine maturity stages resistant to fly attack. as 
has been done for bananas. Such resistance would 
enable production of fruits witbout thc need for chemi
cal and other field control measures as well as export 
without postharvest quaralltinc disinfestation treat
ments. 

Although the cOJ1L'ept ()I "crtified non-host cultivars 
or stagcs oC maturity is acceptable. the data required to 
delllonstrate quarantinL' sL'eurity lllay be Car lllore dilTi
cult to devclop and have accepted than a quarantine 
treatment, and the research data acceptable to one coun
trY may not be acceptable to others. For example. Japan 
accepts mature green bananas without quarantine dislll
festation treatments but the LSA and Australia do not. 
Nine years of research was required before the first 
'SharwiJ' avocado shiplllent was exported from Hawaii 



Tabl" 5. Characteristics of fruit tly damage to fruits of 
lllajor economic illlp<xtancl' 111 Peninsular 
Malaysia (Vijayscgaran 199 i) 

COlllmon namc 

A. Non-seasonal 
Carambola 
Guava 
Citrus 
lackfruit 
Passion fruit 
Soursop 
Watermelon 
Banana 
Ciku 
Papaya 
Pineapple 

B. Sl'asonal 
Mango 
Cempedak 
Duku/Langsat 
Mangosteen 
Ralllbutan 
Durian 

Scientific namc 

A I'crrhoa caramboia 
Psidium Ruajam 
Citrus spp. 
Artocarpus heterophyl/us 
Passij/ora eduiis 
A.nona muricata 
Citrlliills nt/gar!s 
,Hus(J sll/)iet1flll1l 

MI/lli/kuru acilms 

Cnricn papa)'" 
AWl/lOS C(}lf/OSllS 

kloN,«Fcra in(/;('(l 

Ar/(}('mpus CIWIlII'('(/ell 
LansiulI/ dUll/csticull/ 
Garcinia manRostana 
Nepheliullliappaceulll 
Durio :ibcthinu.s 

Host status" 

:2 
2 
2 
2 
2 
3 

-' 
3 
5 

I 
2 
4 
4 
4 
5 

;1 1 = Severely infcslL'd up to 100% in unprott""::-d :,I'uatiom,. 
:2 = Infe,tarion usually light 10 moderate and can he tolerated hut \vith 

(XT<lS!\)na) C'.I'';C''i of heavy damage 
J = Sc\erely infc:-.ted if fruits are left to ripen on the trec. Picking 

early at the mature green stage overcomes fly damage. 
4 = Fruits vcry rarely atlacked except when they afe overripe or 

cracked Of damaged on thl' tree 
5 = Non-hosts of fruit niL'\ 

without treatment (Armstrong Il)l) I). Clearances given 
are not permanent and may be reversed for many rea
sons. Based on about 30 years of inspections of imported 
strawberries, the USA accepted that they were not a host 
for medtly but reversed its position in 19~3 (Armstrong 
1991 ). 

2. Certified fly-free zones or growing periods 

Australia is a good example of a country that has sev
eral damaging species of fruit Ilies but is still able to 
export, to the USA and New Zealand, fruit produced in 
areas which have been certified to be free of fruit Ilies. 
Currently, there are four areas from which fruit and 
vegetables may be exported under area-freedom certifi
cation with respect to the following econ<llnic species: 
/J. tryol1i. [J. l1('ohullicraiis. /5. llIiuiiol1is, Ii. musa('. and 
C. c;lpitata. Area freedom is maintained by monitoring 
and quarantines on host rno\Tmenl. In the event of an 
outbreak of any of the ny species listed. area-freedom 
certification is suspl'nded for all fruits and vegetables 
within an 80 km radius of the infested area for 12 months 
from the last detection date. Declaratton is made if two 
or more adults arc captured within 14 days or ifone larva 
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is found in fruit. Eradication procedures based on addi
tional baiting ami trap and fruit monitoring are also car
ried out by g(lvernment authorities (ilorrigon and Patton 
1991 ). 

The USA also accepts fruits from Chile without qua
rantine treatments provided they are from certi Cicci 
lTledlly-free zones which were established by large
scale insecticide control programs and maintained by 
approved monitoring/detection protocols (Armstrong 
1991). 

The concept of a fly-free zone is an attractive one and 
can be a great asset to fru it production and exports. It 
must be realised that the establishment and maintenance 
of fly-free wnes involves a great deal of institutional 
effort with regard to survey. detection. and quarantine, 
together with adequate procedures for rapidly eradicat
ing outbreaks. Its application to the tropical countries of 
Southeast Asia Ileeds cardulconsideration and planning 
in view of the 1I1ultiplicity of ecollomic species. their 
wide host ranges and distribution. abundance of alterna
tive hosts, and the difficulties related to quarantine pro
cedures. Research is presently under way in Hawaii to 
determine if a ny-free zone can be established using a 
number of techniques for three species of economically 
important fruit Ilies (Vargas and Spencer 199 I). This 
project will be useful to tropical countries as it will 
determine for the first time if a tly-free zone can be 
established and maintained in such climates, as well as 
providing information on the size of bu ITer zone 
required around the Ily-free lone. 

3. Eradication 

Most countries that have \cry successful horticultural 
industries either do not ha \l' fru it 11 ies or have embarked 
on procedures to eliminate them. A good example is the 
State ofCalifomia. USA which has a large fruit industry 
supported by an extensive fruit Ily survey, detection, and 
eradication serviee. Adventive populations of oriental 
fruit fly, medlly, melon ny, and several other species of 
tropical fruit Ilies are regularly intercepted and eradi
cated by State authorities. 

Japan has eradicated the oriental fruit fly from all its 
islands and is in the final stages of eradicating the melon 
fly from its southernmost islands (Kawasaki 1991). The 
medfly was eradicated from Mexico (Hendrichs et al. 
19R2) and the government has expanded this to a large 
national campaign for the elimination of four native 
species of AI1(ls/up/w (Zavala et al. 1991). The medlly 
eradication program in CluateIllala has enabled 57"/" 
(62000 km 2) of the country to be free of the pest and 
progress is being made towards total elimination 
(Linares 1991). 

Eradication can be achieved by a number of means. 
Target populations can first be reduced by insecticide 
cover sprays, bait sprays, or male lures or a combination 



of these treatments (Bateman 1982). Multiple releases of 
sterile males arc then made to eliminate the remaining 
population of wild Ilie~. As horticultural industries 
expand and contribute more to export earnings the social 
and political pressure to eliminate the pests will also 
increase. Both Thailand (Sutantawong 1991) and the 
Philippines (Manoto 1991) have embarked on pilot pro
jects on the usc of SIT. Shiga (1991) has argued that 
based on the successful eradication programs in Japan. 
eradication could be considered for tropical regions in 
Asia, but emphasises the need for basic biological and 
ecological studies on the various species. 

In the tropics the presence of several damaging spe
cies and species complexes poses a complex situation 
and careful planning is required before embarking on 
any eradication program. The sheer cost and logistics of 
the exercise will probably be difficult to justify unless 
the fruit industry being targeted is very large and pro
ductive. Despite the fonnidable challenges to the usc of 
SIT supported by other integrated pest control proce
dures. the concept of eradication will continue to be an 
area of consideration for Southeast Asian countries. 

Concluding Remarks 

Fruit cultivation in the tropics is hampered by a serious 
fruit tly problem. Recent taxonomic studies, supported 
by host range and distribution data, show that the orien
tal fruit fly, Baclroccra dorsalis, is morc subtropical in 
its distribution than was previously thought. Eight spe
cies in the dorsalis complex of flies have been identified 
as being of major economic significance in the tropics. 
Some species in this complex arc widespread in their 
distribution while others arc currently restricted to cer
tain clluntries in the Southeast Asian region. Other 
damaging species not in the dorsalis complex (e.g. B. 
~ona'a, B. corrccta) could also spread to new areas. 

Despite the presence of a number of highly damaging 
species, fruit production is made possible in the region 
through the usc of a number of control and population 
suppression techniques. Using these techniques, either 
singly or in an integrated manner, fruit growers are able 
to produce high quality fruit to meet the needs of the 
domestic market as well as the non-quarantine sensitive 
markets in Asia and Europe. Export to quarantine sensi
tive markets such as Japan and the USA is f;Kilitatcd 
primarily through the use of aduitional postharvest qua
rantine disinfestation treatments. However. such treat
ments besides adding to the cost of production. arc 
presently available for only very few types of lmpicai 
fruits. 

Total or partial resistance to fruit !lies is exhibited by 
a number of tropical fruits. Such resistance has been 
exploited in banana, pineapple. and papaya cultivation. 
Other fruits such as mang(l';tccn and rambutan are listed 
as hosts when fully ripe but are rarely att~j("ked earlier. 
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Although fruits exhibiting such resistance may not be 
accepted by quarantine-sensitive markets, there is grcat 
potential for such resistant fruits to be produced and 
marketed for domestic consumption or for non
quarantine sensitive markets. Host-fruit resistance has 
been largely neglected and should be given greater 
emphasis in breeding and selection programs. 

A technique of spot spraying with a mixture of auto
lysed yeast (hydrolysed proteins may also be used) and 
insecticide has been very successful in carambola culti
vation in Malaysia. The technique greatly reduces the 
application of insecticide, is safe to beneficial organ
isms. is easy to usc, and is eflective. This technique 
should be extended to other countries in the region as it 
provides excellent and safe control of fruit flies. 

Currently Ily control in the region is practiced more 
on an individual orchard basis. Area-wide popUlation 
suppression programs organised with institutional sup
port should be implemented and will undoubtedly give 
better control of flies in fruit-growing areas. TIle con
cept of eradication and area freedom is appealing and 
has its advantages. However. in the current tropical 
environment, the application of these concepts needs 
careful planning and much basic research. 

Based on the experiences of other fruit industries 
where fruit !lies arc a problem, the implementation of a 
postharvest quarantine system (resistant cultivar status. 
area freedom, etc.) requires many years of research and 
also faces many difficulties. While working towards 
these goals. a good strategy for developing fruit indus
tries would be to increase domestic consumption of 
fruits as well as exports to non-quarantine sensitive 
markets. 

Quarantine regulations in all countries in Southeast 
Asia and many other countries in Asia currently do not 
consider the free movement of most fresh fruits between 
them as posing any quarantine risk with regard to fruit 
flies. This has most probably been based on the older 
knowledge and distribution of fruit flies. However. 
recent taxonomic and distribution studies suggests that 
the spread of damaging tly species to areas or countries 
where they do not eurrently occur is indeed an issue to 
be considered seriously in Asia and the Pacific. This 
issue will become more important if and when large area 
population suppression programs or eradicatiun efforts 
arc initiated. To what extent plant quarantine sh(lldd and 
can be practically exercised without creating a barrier to 
free trade needs an extensive review and is beyond the 
scope of the present paper. 

The ultimate objective of all studies. whether they he 
in the area of preharvest control, postharvest disinksta· 
tion. or taxonomic surveys and detection studies. is to 
reduce the damage and economic losses in fruit cultiva
tion and to increase the sales and market putlets for 
fruits. Some of the recent infonnation on the taxonomic 
status and distribution of economic species may tx~ 



viewed as problematical in thc short tefill. However, in 
the long term developmcnt of fruit industries in the 
region, it is undeniable that this infomlation will form 
the basis for better decision making and improved con
trol of these noxious pests. 
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Disinfestation: Effect of Non-chemical Treatments 
on Market Quality of Fruit 

Krista C. Shellie and Robert :\langan* 

Abstract 

Changes in fruit quality associated with disinfe~tatii1n temperature lrl'atlllt'nts. insecticidal controlled atmos

pheres amI irradiation arc reviewed in this papc'r. A schematic model for the incorporation of fruit quality evalu
ations during dnclopment of disinfestation treatment protocols IS al,,) discLJ"ed. In generaL heat treatments 
inlTease fruit rl'sriration rate and fesult in a reduction of respirable suhstrates in the fruit. The n1l'thod of heat 
application Illay inlluencc fruit physiological response. Chilling injury e()llinlonly dl'\clll[lS in tropical fruits as a 

consequcnce ()fdisinkstation cold treatments. l)rc-tfcatl1lcnt t(,1l1IK'ratLln~ conditioning and Intermittent warmillg 

have ocen used successfully to avoid developmcnt of chilling inlury 'Yl1lptllnlS. In,,'cticidal controlkd atlllos, 
pheres 10.5-.1';; oxygen, 5-20'k carbon dioxide) at low tempcratuH's have been reporteJ to reJuce fruil rcsrira
tiOlL delay ripcning, maintain Ilcsh firmlless and inhibit decay. n,e effect (If lrr;ldiation on fruit quality is 
dependent on the commodity. irradiation dose and irradiation dose rate. Irradiation appears to delay ripc'ning and 
maintam flesh firmness in rnang". Non-chemical dislnll'station treatments can potentially extend marketahle shel f 
lik and enhance linancial returns. or lkktcriousiy affect fruit market quality. increase spoilage. :lIld shorten 
Illarkc'tahlc she II Ii re. Fruit qu;lI ity changes must he routinely evaluated during ckwloplIlent of flew disinkstatll,n 
treatments to cnsure that tlw rc'Cofl11l1Cfllkd schedules maintain or enhancl' lhe market qllality of fruit. 111 addition 
to prt)viding quarantine SLTurity. 

FKLSH horticultural commoditics that arc hosts for qua
rantine-restricted insects and arc grown in infested 
regions sometimes need to be disinfested before being 
marketed in insect-free areas. Global concern about 
environmental quality and a heightened awareness elf 
food safety has already eliminated lise of the fumigant 
ethylene dibromide. and will most likely result in loss of 
the popular chemical fumigant methyl bromide by the 
year 2000 (USDA 1993). A major advantage of nOI1-
chemical commodity disinfestation is that it can prevent 
introduction of insect pests into insect-free regions 
without adversely affecting the environment or leaving 
potentially harmful residues in treated fresh produce. 

Qual ity maintenance of harvested frcsh produce is 
dependent upon conservation of existing energy 
reserves in the harvested produce. conservation of prod
uct moisture content. maintenance of cellular structural 
integrity. and normal ripening in climacteric fruits. 
Non-chemical disinfestation treatments can modify 
postharvest quality and markl'table shelf life by altering: 
commodity respiratory rates or pathways: commodity 

* USDA i\RS Crop Quality and Fruit Insects Research Unie 
2.101 S. International Boulevard. Weslaco, TX 7X5<)6, 
USA. 
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Illoisture contents: ripening processes in climacteric 
fruits: and various biochemical pathways. A review of 
some of the major physiological chanl!es associated 
with sinl!le, non-chemil'al commodity disinfestation 
treatments is presented in this paper. Discussed disin
kstation treatments are orientated t()\vards elimination 
or tcphrltid fruit fly egl!s or larvae Incatcd imide fresh 
horticultural products. 

Fruit physiological responses to disinfestatilln trL'at
ments arc commodity and Lllkn cultivar specific. The 
physiological response: of a particular cultivar may also 
be Illodified by season, growinl! location. or han est 
maturity. The large innucnce of genetic and environ
mental factors has made quantitative study of physio
logical changes quite ditTicult. TIle wide range of 
c()mmOllity and cultivar tolerance to non-chemical 
insecticidal treatmcnts has necessitated devclopment of 
commodity- or cultivar-specific trcatment protoculs. 
Our labnratorv in Weslaco. Texas. USA develops non
chemical disinfestation treatnKnt protocols for COIll
modities that arc a host to /\1I(/sll'l'l'li(l species. 'Ill<.' 
schematic mmkl followed in our research unit for 
developing these protocols is presented to illustrate ho\\ 
we evaluate fruit quality while developing treatment 
protocols. 



Fruit Quality After Disinfestation 

Heat treatments 

Disinfestatil)n heat treatments can be distinguished 
from heat treatments for control of postharvest diseases 
in that the former last longer and thoroughly heat the 
commodity. Common ways of heating a commodity to 
insecticidal temperatures include: I. exposure of the 
fruit to relatively static heated air that is either water 
saturated (vapour), dry [<60% relative humidity (RH)]. 
or moist (up to 90% RJ-I); 2. exposure to forced heated 
air that is either water saturated, dry, or moist; and 3. 
submersion in hot water at either constant or graduated 
temperatures. 

A relatively static (two air exchanges per minute) 
heated water-saturated air treatment (vapour heat). first 
developed in the late 1930s (Balock and Starr 1945). 
required 8 hours for a comlllodity to reach insecticidal 
temperatures. !-kat is transferred from the air into the 
commodity during vapour-heat treatments, by the latent 
heat of evaporation that is released when the water 
vapour condenses on relatively cooler fruit surfaces. 
Total treatment time for relatively static vapour-heat 
treatment was as long as I h hours (Couey 1989). ;\ 
treatment of this duration was not only commercially 
undesirable, but it also excessively stressed the produce 
and lowered product quality. As technology became 
available to innease air speed (2 m/second) within the 
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treatment chamber (Sharp et al. 1991), the length of time 
required to obtain insecticidal temperature doses has 
been reduced to four hours or less. 

The most desirable disinfestatioll treatment, from a 
commercial perspective. is one that hL'ats a commodity 
to insecticidallcvcls in the shortest period of time with
out damaging the commodity. The method by which 
heat is applied to a commodity will determine the rate at 
which heat will be transferred into the commodity (Fig. 
I). When similarly sized mango, grapefmit, orange. and 
papaya fruit were either submerged in 4xoC constant 
temperature hot water, exposed to 48°C forced moist air. 
or exposed to 4XoC forced vapour air until the centre 
temperature of the cooiest fruit reached 46°C. heat \Vas 
transferred !Ilto all commodities fastest using hot-water 
submersion and forced vapollrair treatment. Heat is 
transferred into the commodity at a slower rate during 
forced moist-air treatment because the fruit surface 
temperature remains cooln than during either COlbtant 
temperature hot-watn immersion or during I" l[ced 
vapour-heat treatment (Fig. 2). During forced ll1oist-air 
treatment. the dewpoint is maintained 2°C below the 
coolest fruit surface temperature. thus preventing con
densation ()l1 the surface of the fruit (Sharp et al. 19<) I ). 

Faster heating of c()J)]modities appears to e!llnnet' 
mortality of Anaslrcpha larvae (R.L. Mangan. unpub
lished data). The effects of commodity heating rates on 
postharvest quality have not been well doculllented. 
Althoug.h constant ternpL~rature hot water dips and 

1 a 20 30 40 50 60 70 80 90 100 110 120 130 140 150 ->60 170 180 i90 200 
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Figure L Mango heating rate during hot-watn. rorced rnoi,t·air. and forced \ apour-air treatnlt'nls. Means or 4 runs. with; inll! 
per run. 
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forced vapour-heat trcatlllents offer shorter treatment 
times, some commodities cannot tolerate high fruit sur
face temperatures. Graduated temperature water dips or 
forced moist-air treatments could be alternative treat
ments for heat-sensitive commodities (McGuire 1991). 

The method by which heat is introduced into a com
modity and the dose of heat applied (temperature and 
duration) arc the variables that most intluence com
modity physiological response. Even though forced 
vapour air and hot water transfer heat into the fruit at a 
similar rate, fruit physiological responses are likely to be 
quite different. For example, when fruit is submerged in 
hot water, oxygen becomes unavailable for fruit respi
ration and the internal oxygen concentration may 
decrease to as low as 4(} during a 2-hour treatment 
(K.C. Shell ie, unpublished data). However, during 
forced vapour heat, the fruit Illay never become oxygen 
stressed since oxygen is readily available to fruit tissues. 
The additive value of reduced oxygen levels in fruit tis
sues to insect mortality during heat treatments has not 
been quantified. Neither have the physiological conse
quences of low oxygen stress during short-term, high
temperature heat treatments been studied in detail. 

Not all commodities heat at the same rate when sub
jected to an identical heat treatment (Fig. :1). Similar 
sized grapefruit, orange, papaya, and mango were 
treated in a 48°(, forced-vapour air chamber until the 
centre temperature of the coolest fruit reached 46°C. 
Even though the papaya and mango fruit were slightly 
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larger than the citrus. the papaya and mango fruit heated 
at a faster rate than the citrus. Fruit density appears to be 
related to fruit heating rate. Fllr example, mango and 
papaya fruit were the more dense (1.03 and 0.91 g/mL. 
respectively) and reached a centre temperature of 46°C 
before oranges and grapefruit which were less dense 
(0.88 and 0.80 gimL, respectively). 

Some general physiological responses of commodi
ties to insecticidal and fungicidal heat treatments have 
been reviewed by Paull (l990a). Paull (1990a) empha
sised that commodity thermotoleranee could be moder
ated by season, growing location, heating rate, fruit size, 
and maturity at harvest; and that thermotolerance could 
be related to heat-shock response and presence of heat
shock proteins (Paull and Chen, 1990). Heat-induced 
senescence (accelerated yet normal ripening) or abnor
mal ripening arc documented physiological responses to 
heat stress in climacteric fruit (Paull 1 990a). A reduction 
in chlorophyll and chloroplast activity (Chan and Forbus 
1988), a reduction in ethylene production (Chan 
1986a,b), a reduction in cell wall degrading proteins 
(Chan and Tam 1982; Paull and Chen 19S3), and a dis
ruption in ripening-specific mRNAs (Picton and Grier
son 19S5) have been associated with heat stress. 
Electrolyte leakage has been observed to increase fol
lowing heat stress, implying that cell membranes may be 
adversely affected (Lurie and Klein 1990). A reduction 
in titratable acidity attributed to increased fruit respira
tory demands during heat treatment has been reported in 
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Figure 2. Grapefruit heating rate during hot water, forced moist-air, and forced vapour-air treatments. Means of 4 runs. with 3 
fruit per run. 
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citrus (McGuire 1991: Shellie et al. 1993) and apples 
(Klein and Lurie 1(92). 

Heat-shock proteins produced alh'r exposure to tem
peratures in the range 34---42°C for a short (hours) 
period. have been reported to alter commodity thermo
tolerance (Paull I 990a). The heat-stress profile influ
ences heat- shock protein production. again emphasising 
the importance of heating rates on commodity physio
logical response. A better understanding of the condi
tions required to induce production of heat-shock 
proteins in a commodity, while not providing larvae 
inside the commodity the opportunity for also acquiring 
thermotolerance, may lead to optimisation of heat treat
ments and the maintenance of postharvest product qual
ity. 

Cold treatments 

A major disadvantage of cold treatments for insect 
disinfestation is that cold-sensitive tropical and sub
tropical commodities develop a physiological disorder 
known as chilling injury when subjected to temperatures 
below 10 and 4°C, respectively. Cold treatments also 
involve the storage of fruit for weeks. Long treatment 
times could cause a marketing bottleneck if the fruit 
cannot be treated during transit. Mandatory eold storage 
for insect disinfestation also limits the amount of 
remaining marketable-commodity shelf life. 

The visual symptoms of chilling injury for many 
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commodities have been well described (Paull I 990b), 
but the physiological changes that lead to the develop
ment of visible symptoms arc still poorly understood. 
No single symptom can indicate the presence of chill
ing- injured tissue (Saltveit and Morris 1990). Com
monly observed symptoms include: surface lesions, 
pitting, scald, and large sunken areas; increased electro
lyte leakage; and elevated production of carbon dioxide 
and ethylene. Climacteric fruits with chilling injury may 
fail to ripen normally and display accelerated senes
cence. The stage of fruit ripeness influences the likeli
hood of visual chilling injury symptom development. 
Visual symptoms generally appear after the fruit is 
transferred to a wanner, non-chilling temperature. 

Chilling injury symptoms may be alleviated or 
modified by temperature manipulation or atmosphere 
modification. Conditioning chilling-sensitive commod
ities by holding them at slightly abovc the critical chill
ing temperature (low temperature conditioning) (Hatton 
1990; Wang 1990). or holding them at temperatures 
known to induce production of heat-shock proteins 
(high-temperature conditioning) (Klein and Lurie 
1992). appears to incrcase chilling tolerance. Intermit
tent warming during storage at chilling temperatures 
also alleviates symptoms of chilling injury (Cabrera and 
Saltveit 1990). Development of chilling injury can also 
be reduced by lowcring oxygen and raising carbon 
dioxide levels before or during exposure to chilling 
tcmperatures (Forney and Lipton 1990). 

Paptlya (352g) 

Mango (335g) 

Ora:lge (288g) 

Grapefruit (302g) 

10 20 30 1.0 50 60 70 80 90 100 110 120 130 1<10 150 160 170 180 190 200 

Time (minutes) 

Figure 3. Commodity heating rates during forced vapour air treatment. Means of 4 runs, with 3 fruit per run. 
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Insecticidal controlled atmospheres (CA) 

Insect tolerance to very low oxygen anJ/or very high 
carbon dioxide varies according to species. For effective 
insect controi. the oxygen level should be at or below 
I (!c. and the level of carbon dioxide should be between 
20 and 30'k (Ke and Kader 1991). Increasing the storage 
temperature during exposure to CA increases insect 
mortal ity (Whiting et al. 1991). 

Commodity tolerance to CA is quite variable and is 
influenced by storage temperature, levels of oxygen and 
carbon dioxide, commodity respiration rate. commodity 
resistance to gas diffusion. and comlllodity soluble solids 
content (Ke and Kader 1(91). Exposure to CAs that are 
within commodity tolerance lilllits has been shown in 
general to decrease fruit respiration. decrease ethylene 
production, and decrease postharvest decay. Symptoms 
of CA damage include internal or external browning, 
pitting, off-tlavour development, ethanol accumulation, 
fail ure to ripen, and increased susceptibi lity to decay. 

Controlled atmospheres combined with cold storagc 
offer little advantage over insecticidal cold treatments to 
offset their additional costs. The potential for controlled 
atmospheres as a disinfestation treatment is in combina
tion with moderate heat treatments. Little information is 
available concerning insect mortality or commodity tol
erance to short-term insecticidal controlled atmosphere 
heat treatments. More research in this area is needed. 

Irradiation 

A minimum dose "f 150 Gy was adoptLlI by the Food 
and Agriculture Organi/ation/lnternational Atomic 
Energy Agency International Consultative Group on 
Food Irradiation in February 19116 for fruit fly of the 
Tephritidae family (Loaharanu 1(92). The criterion for 
effectiveness of irradiation as a quarantine treatment 
was determined to be non-emergence of a normal adult 
capable of flight. Data indicate negligible phytotoxic 
effects of irradiation at 150 Gy for many commodities. 
Larger irradiation doses are required to kill eggs or 
larvae. However, phytotoxicity symptoms stan to 
develop as the irradiation dose is increased. 

A major factor limiting the commercial application of 
irradiation as a quarantine treatment is that at irradiation 
doses that prevent emergence of a normal adult capable 
of tlight, live larvae still remain inside the irradiated 
commodity. Port inspectors may encounter live larvae in 
irradiated produce and have no lVay of determining at 
the time of inspection that the encountered live larvae 
wiIi not emerge as a normal adult capable of tlight. Cal
culating the size of the proventriculus relative to the 
supraesophageal ganglia was suggested as a potential 
technique to identify irradiated Queensland fruit fly 
larvae (Jessup et al. 19(2), but this technique has not 
received official approval. Future research focused on 
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developing a simple. rapid assay [hat can be performed 
by pon inspectors to quickly distinguish between elTec
tively irradiated and 1l<)J1-irradiatl'd larvae would greatly 
enhance the attractiveness of irradiation as a quarantine 
treatment. 

Commodity tolerance to irradiation varies according 
to growing location and season, cultivar, fruit maturity, 
irradiation dose, and irradiation dose rate (Burditt 19112). 
Phytotoxic responses to irradiation include surface pit
ting. surface browning, internal cavitation. and tlesh 
softening (Morris and Jessup 1994). Surface browning 
has been attributed to increased activity of polyphenol 
oxidase. Flesh softening has been associated with deg
radation of pectin to lowC"r 1IIoiecuiar weight compo
nents. Irradi;ttion doses [hat do nll[ elicit a phytotoxic 
commodity response have fl'sulted ill extension of shelf 
life ofclimactcric fruits by delaying the ripening process 
(LaCroix et al. 19(1). 

Fruit Quality Evaluation During 
Development of Treatmcnts 

Our main objective when developing l'omlllodity disin
festation treatments is to develop a protocol which 
ensures no more than I in 100000 survival. However. 
for a protocol to be commercially feasible. [he treatment 
regime must not adversely affect the market quality of 
the fruit. or be economically prohibitive. Unfortunately. 
it appears that commodity tolerance to disinfestation 
treatments is quitc variable. ThL'fl'fore. the unique toler
ance of each comTllodity must be Individually evaluated. 
In an effort to ellsure that treatment protocols are com
mercially I"casiblc, we evaluate phytotoxicity at two 
steps during the devclllpmcnt of a treatment protocol 
(Fig. 4). Fruit quality is evaluated during fruit tolerance 
testing and during confirmatory fruit quality tests. 

Larval phYSiology ------.... Fruit tolerance tests 

1 
Lab tests 

1 
Confirmatory tests 

I 

FrUit quality Larval mortality 

J<'igurc 4. Treallllcnt protocui dCICill[llll<'tlt 

The first step in dCVL'lllping treatment protocols is to 
identify the physiological limits of insect tolerance to 
the applied stress. Once this information is known, fruit 
can be subjected to various treatment doses that are ncar 



the physiological tolerance of the insect. The main 
objective of fruit tolerance tests is to identify the maxi
mum dose for which the quality 01' untreated (control) 
fruit is not significantly difrcrent from the quality of 
fruit treated at various doses ncar the putative physio
logical tolerance limit of the insect. The maximum dosc 
for which no significant deleterious quality changes 
were apparent is selected for treatment efficacy tests 
with laboratory-infested fruit. Confirmatory testing of 
fruit quality and larval mortality is the final step in 
treatment protocol developmcnt. Confirnlatory quality 
tests provide the opportunity to verify results of fruit 
tolerancc tests with fru it from a different growing 
season, location, or with a different harvest maturity, 

Fruit tolerance tests 

Since small and large fruits may react dilTerently to 
treatment. fruit should be si/.e-graded into commercial 
classification of small and large fruit. To allow observa
tion ,)1' interactions between environmental growing 
conditions or fruit maturity at harvest and disinfestation 
treatment doses, as many harvests as poss ible, from 
various growing locations, should be evaluated 
throughout the growing season. Treated and control fruit 
should bc subjected to cold storage and subscquent 
storage at ambient temperature to simulate commercial 
marketing. transport, and retail st<1rage conditions. Shclf 
life, incidence and severity of decay, and market quality 
should be evaluated after termination of ambient tem
perature storage. We evaluate a minilllum of 3 replica
tions of each treatment dose, using between I n-2S fruit 
in each treatment group, The market quality traits we 
routinely evaluate include: extelllal and internal colour: 
fruit firlllness; soluble solids concentration; weight 
change arter treatment, storage, and ripening: percent 
titratable acidity: organoleptIC traits; and incidence and 
severity of postharvest decay, External and internal 
colour is quantitatively measured with a portable 
Minolta Chromamctcr using the L * A * B* colour mode, 
Colour measurements should be reported as lightncss 
(L*). Chmlll:.l [(a 2 + b2)1/2J, and Hue (tan 1 b/a) (Little 
1975: Francis 19~O) A COJllflWn error that often results 
in erroncous conclusions is to analy I.e A * and B* values 
as independent variables rather than using the interre
lated A * and B* values to properly calculate Chroma 
and Hue (McGuire 1992). 

Standard method;; arc used to measure fruit firmness, 
solubk solids concentration, weight change, and percent 
titratahle acidity, Fruit firmness is most precisely Illcas
ured using an Instron, but is comJllonly measured using 
the less-preCIse portable force gauge. Firmness should 
be reported in Newtons and the type uf tip used for force 
measurements should be clearly identified. Soluble 
solids content is usually measured using a bench-top 
refr:lctonleter. Soluble solids readings can be inllul'nced 
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by fruit temperature and the part of the fmit from which 
the sample is obtained. Therefore, multiple subsamples 
from various locations in one fruit sl1lluld be pooled and 
homogenised and the soluble solids l'()ncentration of the 
conglomerate sample should be reported, Many bench
top refractometers have automatic temperature corree-
tioll, but correction for temperatures above or below 
20°C can be manually calculated from available tables, 
Percent weight change is simply deternlined by weigh
ing the fruit at various stages during the treatment pro
cess, subtracting post-treatment weights from pre
treatment weights, dividing by pre-treatment weight. 
and mUltiplying by 100. Percent titratable acidity is 
expressed as percent of the predominant acid (usually 
malic or citric acid) after titration of a known weight of 
tissue with a known Ilonnality of sodium hydroxide 
(usually 0,1 or 0,3 N) (Helrich 1990), Organoleptic 
traits, such as Ila\'our and appearance, and diseasl' 
severity C~lI1 be measured using a hedonic scalc and 
treated as integer level numbers for statistical analyst;.,. 
Cause of the disease symptoms should also be deter
mined. We conduct untrained consumer preference tests 
using a minimum of 25 judges per preference panel 
(Shellie et aL 1993) We randomise the treated and con
trol fruit into numbered stations and ask panclists to 
evaluate quality characteristics at each station using a 'J 
cm line scalc anchored on the far left with 'dislike 
extremely' and on the far right with 'Iike extremely'. 
The 9 cm line has tick marks evcry 3 eIll to diseouragl' 
panelists from always marking the centre of each line, 

Contirmatory quality tcsts 

The experilllental design for confirmatory fruit qual 
ity testing is similar to the experimental design for fruit 
tolerance tcsts except that the only trl'atment dose eval
uated is the effective dosc identified during lab tests, 
The quality of treated fruit is compared with the quality 
of non-treated control fruit. 
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Proposed Standardisation of Protocols for 
Quarantine Treatment of Fruit 

Nordin Mamat and Mokhtarud-din Husain* 

Abstract 

Most countries hav(" strict plant quarantine regulations to prevent the introduction and dissemination of /lew or 

exotic pests to their countries, 11K'" regulations OUl GillS,: prohlems t() "lim' exporting countries hecause of the 
different rcquirt"n1L'nts by dilkrent importing countries, To OVCfcome this prohkm a standard quarantine treat

ment protocol should he agrL'(:d on hy hoth the exportmg and importing countries. This paper highlights several 
recommendations on fruit treatlllent which should he considered ill any plant quarantine treatment protocol. The 

treatment should hc effeL"tivc against the target pest in the host product and han' no adverse effects on quality. 
storage life. and .should not ('ausc physical injuries. Lastly it should not have any harmful r('srdues. These 
requirements applv 10 all conventional commodity treatmcnts including valx)ur-hcat treatment. fumigation and 

irradiation, 

QUAKAN'tINE authorities in most countries arc empow
ered tll take measures to prevent introduction and dis,
semination of ncw pests into their regions. As such. 
plant quarantine'S main task and function is to undertake 
sanitary measures on a consignment of plants, plant 
products. or any nther media that lllay harbour plant 
pests. To prevent tile introduction of these pests, some 
countries have adnpled strict regulations ~\pplying to the 
importation of fresh agriculture cOlllmodities. 

Commodities (wm countries with quarantine pests, 
especially fruit flies llf the Tephritidae family, must be 
treated to ensure that such pests cannot be introduced 
into other territories. Currcntly, commodities are treated 
by fumigation, temperature manipulation, llllldified or 
controlled atmosphere storage, or insecticide dips, or by 
a cOlllbination of these. 

Commodities that arc host to quarantinc pests may 
also be acceptable if they meet one or other of the fol
lowing criteria. 

The exporting country is free from the quarantine 
pest. 
The commodity is from a fruit-tly-free area. In a 
country which is known to have fruit ny, an area can 
be declared as fruit fly free if no fruit tly have been 
detected in the area (within a .+0 kIll radius) for a 
period of at least a year. hUlt must be packed and 
completely scaled in the area and directly exported 
without stopping in allY fruit-fly-prone areas. 

, Plant Quarantine Branch. Department of Agriculture, lalan 
Gallagher. 5()4S0 Kuala Lumpur. Malaysia. 
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• Mature-green stage fruits: Fruits at mature-green 
stage are not susceptible to fruit tlies. Thus, they are 
acceptable for importation. 

Quarantine Requirements for Export of 
Fresh Agriculture Commodity 

A country or area wishing to export to another area 
needs to i"ulfil the quarantine requirements of the 
importing cnuntry. Among quarantine requirements are 
the follow lf1 g: 
1. Data on rhe species. ecology, and distribution of 

insects or quarantine significance in an exporting 
area, specifically those of eoncern to quarantine 
authorities of an importing eountry. 

2. Data on the probable level of infestation in commer
cial marketable fruit at the time of harvest. For exam
pie. fruit harvested at the mature-green stage may be 
resistant to infestation by fruit tlies. but vulnerable at 
half-colour stage. Such fruit may have a low prob
ability of infestation and thus may require a less vig
orous dtsinfestation schedule. 

3, Data on life cycles for each pest and the effects of 
environment (temperature and humidity) upon devel
opment. These data may be important when estab
lishing crficacy of treatment methods. 

4. Minimising risk of reinfestation during postharvest 
handling by practising area sanitation in field and 
packing operations, 

5. Providing insect proof packaging to protect treated 
product from reinfestation. 



6. Data on tolerance of products to combinations of 
treatment, packaging. and handling and storage sys
tems. 

Procedure for Establishment of Plant 
Quarantine Treatment 

The research needed to establish plant quarantine treat
ments is in two parts. Preliminary or laboratory tests are 
followed hy confirmatory tests conducted under real or 
simulated commercial conditions. Any treatment pro
posed must take the following factors into considera
tion. 
1. Ellectiveness against target pest species in the host 

product at expected levels of infestation. Effective
ness is based on 100,,0 mortality. 

2. Avoidance of adversc effects on quality and storage 
life and undesirable changes in chemical composition 
of commodities. 

3. }\v()idanc~ of harmful residues or change, in the 
nutritional qualities of the commodity that will have 
an adverse effect on consumers. 

4. Commodities which are packed before or after treat
ment must be accompanied with adequate insect con
trol (security) measures to prevent reinfestation. 

5. Insects tested should he of species relevant I'm that 
particular fruit cultivar. 

6. The equipment used in the experiments should be 
checked regularly so that reliable and consistent 
results arc obtained. 
The general steps for establishing a plant quarantine 

treatment are shown in Figure I. 

Proposed Standard Research Protocols for 
Disinfestation of Fruits 

Aspects to be considered in a standard research protocol 
arc as follows. 

Experimental conditions 

Sel('clion olj/"uit cultivar and test illsects 

Test insects and fruit cultivars should be of the rele
vant species collected in the particular country 

Mass rearing and immune development studv o/insects 

Mass rearing of the identified pest species ami main
taining as hi~h a percentage or' hatchability of the egg, 
as possihle. Study and document hatchability of the 
eggs, rate of development of each immature stage, and 
the life cycle of the insects. (All immature stages of the 
pest must be included in the study,) 

Use 300 individuals per developmental stage (100 
individuals per fruit for large fruits or 50 per fruit ror 
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small fruits). At least three replications showing consis
tent development rate arc needed. The fruits chosen 
must be of eqlliva1cnt sizes and weights. 

Maintenallce and mlibration o/e'luipmellt 

Equipment used in the experiment must be well 
maintained and calibrated periodically to ensure reliable 
and consistent results. 

Sample si::e ami replication 

The size of the samples varies with the particular test 
as follows. 
• The preliminary disinfestation and injury test requires 

I ()()O-ISOO individuals per developmental stage per 
treatment per replicate. 
Commercial disinfestation and injury test requires 
3000 or more individuals of the 1llost resistant devel
opmental stage per treatment per replicate. 

• Simulati()n at c()mmercial scale requires 3() 000-100 
000 individuals of the most resistant developmental 
stage per treatment per repl icate. 
All treatments must he replicated at least three (3) 

times 

Treatmcllt conditions 

All experimental conditions (preparation of test 
ins('cts, exposure to temperature, packing, handling of 
the test material after treatment, etc.) must he standar
dised. 

Data analysis 

A probit analysis on the average mortalities in relation 
to the exposure ti me and doses must he carried out and 
the data statistically analysed. 

Other conditions 

Conditi()m speciric to conventional treatments arc 
described in Appendix I. 

Preliminary disinfestation and fruit injury studies 

fJj(-criw' temperature' doses range 

Evaluate effectiveness of a range of tempcraturei 

doses to give IOO'k mortality. 

IdentifY tlie /I/Osl resistant devc/ol'lI/l"I/lili stage of the 
inscct.l/()r each treatmcnt method 

Test all stages, i.e. eggs, i sl. 2nd, and 3rd instars with 
5·7 different doses at different exposure times and tem
peratures. 



Selection of insect specics and fruit cultivar 

L_" _ Rearing of test insects 

Susccptihi Iity test 

I 
- all developmental 

stages of eggs and 
larvae of the test 
insect 

- dose mortality test 
- number of test 

insects as determined 
by importing 
countries 

Laboratory 
disinfestation test 

- Simulate commercial 
scale treatment 

Planning and selection of disinfestation technique 

Experimental preparation 

~urY~ 

T 

-- fruit packing 
- stacking method 

Large scale injury test 

~--------------------------+--------------------------~ 

I PREPARE REI"RT I 

~------------------------------- ---------------------------------
Figure I" Steps for establishing a plant quarantine treatment 

3\3 



Hot water dipping (~f naked insect stages (only for 
VHT) 

In physical treatmcnts such as heat, additional studies 
on the tolerance of naked insects (all stages) to hot water 
dipping at 45°C are required. Mortality is assessed 24 
hours latcr. 

Determine suitable/optimum holding/e.\jJosure time 
requiredfor each treatment method 

Reconfirm efficacy of selected dose/temperature and 
exposure time to induce 100'lr mortality to test insects 

Determine the injury/residue level in the treatedfruits 

Injury studies must bc cvaluated at or above 2-2.5 
times the minimum dosage that provides quarantine 
security. At least 30 fruits per dosage/temperature arc 
required. Three sets of data showing the doses and 
exposure times that cause/do not cause injuries arc 
required. The studics must include the various maturity 
indices of thc fruits, length of time after harvcst, treat· 
ment temperatures/doscs, and storage conditions after 
treatment. Fruits are analysed for their internal and 
external appearances. brix, acidity, aroma, taste, and 
weight loss. Occurrence of diseases before/after treat
ment is also evaluated. 

Commercial disinfestation and fruit injury studies 

Confirmation of ejJectil'e temperature/dose and expo
sure time 

Steps must be taken to confirm that the specific tem
perature/dose and exposure time satisfy the Probit 8 
security level involving a larger number of insects (more 
than 3000 individuals). 

Physicochemical properties offruit 

It must be ensured that the temperature/dose and 
exposure time do not cause injury to the fruits or exceed 
maximum residue limits (MRLs). 

Simulation commercial scale disinfestation and 
injury! residue studies 

Confirmation ofejJectil'e dose 

Large-scale tests on the most resistant stage using 
larger numbers of test insects (30000--100000). It must 
satisfy the Probit 9 security level (99.9968% mortality). 
The test should be replicated three times. All fruits con
taining insects are examined by cutting the fruit to check 
the recovering larvae. (Number of live insects per treat-

ment is compared with the number obtained in the 
untreated control.) 

Reconjirm suitability of the treatment method 

Should include studies of efficacy, injury, residues, 
and cost. 

Simulation STudy To determine adaptability of the treat
ment 

To determine the adaptability of the treatment as an 
integral component with other postharvest handling 
procedures (field handling, packaging, transport, stor
age, etc.). At least 100 fruits per handling procedure or 
transport, such as by air or sea. 

Writing of reports 

Results should be reported in a systemaTic form. The 
report should include an analysis and el'a/uation of The 
results. Appendix Il gives further details. 

Conclusion 

A standard protocol for treatment of commodities such 
as fruit should be agreed upon between both the imp011-
ing and exporting country. Once harmonisation of regu
lations is achieved, i.e. the international standards/ 
recommendations are accepted by the respective gov
ernments, trade barriers arc likely to fall, leading to 
facilitation of international trade in agricultural prod
ucts. 
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Appendix I. Experimental conditions applicable to conventional treatments 

Fumigation treatments 

1.1 Load factor 

All fumigations are conducted with a load factor not 
exceeding 50% i.e. the fruit to be fumigated occupies 
less than 50% of the volume of a fumigation chamber. 

1.2 Circulation and aeration of air-fumigant mixture 

The circulation fans must be operating continuously 
throughout the exposure period. After fumigation, fruit 
are aerated until no gas is detected. 

I.J Temperature 

The test is conducted at the lowest temperature which 
is likely to occur at harvesting. Air temperature within 
the chamber and fruit pulp temperature are monitored 
using temperature recorders. 

1.4 Gas concentration 

During commercial disinfestation experiments, gas 
concentrations are monitored in each test fumigation. 
Samples are drawn from more than three locations 
within the chamber and the reading is taken just before 
introducing and at 0.5-, 1.0-, 2.0-, and 3.0-hour time 
intervals afterwards. 

Vapour-heat treatments 

1.5 Temperature 

Temperature of the sensor and recorder for each rep
lication of the test should be calibrated, and the testing 
bath temperature and fruit temperature should be meas
ured on a regular basis. 

1.6 Treatment condition 

The temperature of the testing bath, the desired fruit 
temperature at the approximate centre, and the period 
during which the desired fruit temperature is maintained 
should be established. These should be based on the 
results of the basic disinfestation test and the basic 
injury test. 

1.7 Method of cooling 

After treatment cool the fruit either by shower cooling 
or air cooling (fan). 
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Irradiation treatments 

1.8 Pre-irradiation treatment 

There are no special requirements for treatment or 
handling of fruits before irradiation except that fruit 
trees were planted under good agronomic practises, 
fruits are of good quality, and that the field heat is 
removed as soon as possible. 

1.9 Packaging 

Packaging is normally done before irradiation and 
material customarily used must be satisfactory i.e. able 
to prevent reinfestation. The size and shape of contain
ers are determined in part by certain aspects of the irra
diation facility, as they relate to dose distribution within 
the container. 

1.10 Irradiation facilities 

Facility requirements and operation, process parame
ters, and critical operational control points should con
form with the Codex General Standard for Irradiated 
Foods and the Recommended International Code of 
Practice for Operation of Radiation Facilities Used for 
Food Treatment. 

1.11 Ionising radiation 

Ionising radiation which may be employed in irradi
ating fruits is limited to: 
a. gamma rays from radionuclides Cobalt-60 or Cae

sium 137; 
b. electrons generated from machine sources operated at 

or below an energy level of 10 MeV; and 
c. x-rays generated from machine source operated at or 

below an energy level of 5 MeV. 

1.12 Radiation dose 

Dose measurement, or dosimetry, is important in the 
control of the irradiation process and to ensure that a 
prescribed dose is used. Absorbed dose and dose distri
bution in bulk density of fruits are detennined when 
pre-packaged fruits arc irradiated to ensure that the 
minimum absorbed dose satisfies the quarantine 
requirement while the maximum absorbed dose is not 
phytotoxic. Unit for absorbed dose is Gray (Gy). 



Appendix II. Guidelines for the reporting of the research protocol 

The data obtained from the laboratory should preferably 
be presented in the rollowing manner: 
• name of the experimenter and organisation responsi-

ble for the test(s); 
• objective of the test(s); 
• chemical name and formulation; 
• insect pest(s) and fruit cultivar against which tested; 
• sample size and number of replicates tested; 
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• evaluation method and equipment; 
• dosage applied and duration of exposure of tested 

insects and fruit: 
• dates Dr assessment; 
• statistical analysis; 
• interpretation and discussion on the results or the 

tcst(s). 



Disinfestation of Tropical Fruit -
Session Summary 

Chaimlan: Dr Jennifer Sharp, USDA 
Rapporteur: Dr Chris Yuen, University of New South Wales, Australia 

IN this session, we heard discussions and reviews on: 
• nonchemical means to eliminate quarantine pests from commodities, presented by Mr 

Vijaysegaran on behalf of Dr Neil Heather; 
• the effect of treatments as heat on mango quality and disease controL presented by Dr 

Lindy Coates on behalf of Mrs Keryl Jacobi et al.; 
• controlling fruit nil's in the field by preharvest field control strategies by Mr 

Vijaysegaran; 
• the effects of irradiation, controlled atmosphere, and temperature treatments on fruit 

quality, espec ially for mangoes by Dr Shellie; and 
• the need to standardise research protocols by Mr Nordin Mamat 

Collectively the speakers targeted pest disinfestation and fruit quality. Disinfestation 
means quarantine security. Quarantine security is a level of pest control that aims to 
prevent the establishment of a pest in an area where it is not present. Security is maintained 
in part by the development of quarantine treatments. Examples of quarantine treatments 
include: 
• temperature management - hot air, vapour heat, hot water, cold temperature 

refrigeration, dry heat, quick freezing 
• irradiation - galllma, electron, and X rays 
• microwave~· radio frequency 
• fumigation - methyl bromide, sulfural tluoride, phosphine 
• insecticide dips - dimethoate 
• controlled atmosphere - low oxygen, high carbon dioxide, nitrogen 
• physical barriers - shrink wraps, packages; and 
• systems approaches - pest-frce zones, non host, cradication, biological control 

Statistically, effective treatments must ensure 99.9968% mortality or no more than 3.2 
survivors of a treated population of 100000 at the 95% confidence level. Rcalistically, no 
pcst can be found alive in a shipmcnt or load. If a pest is found alive, the shipment risks 
being dcstroyed by regulatory agencies. Approved treatments must not damage thc 
condition or quality of the treatcd commodity, rcduce shelf life, or leave harmful 
residues. 

Disinfestation by gamma irradiation of tropical and subtropical fruits has becn 
documented for many major fruit tlies (Tcphritidae). Data show that <150 Gray will 
prevent cmergencc of fruit fly larvae from irradiatcd commodities. Thc unifomlity of 
control by irradiation suggests the acccptancc (approval) of a generic dosc by rcgulatory 
agcncics worldwidc. 

Disinfestation by heat at tempcratures ~ 46°C has becn documentcd for many fruit flies 
infcsting papaya, citrus, mangocs, guavas, and carambolas. The uniformity of control 
suggests thc acceptancc of a generic heat treatment for Tephritidac. 

Disinfestation by cold tempcratures 1.1-2.2°C for many days has been documented for 
many fruit flics infesting citrus, carambola, and lychce. The control suggests the 
acceptance of a gencric cold tempcraturc storage treatmcnt. 
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Such approved protocols would reduce research costs and allow funds to be used to 
develop additional treatments. The acceptance of generic quarantine treatments for fruit fly 
control and the development of generic research protocols for other quarantine treatments 
were recommended as topics for international discussion. 
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Contributed Poster Papers 

Part 1 - Overview Issues 



Postharvest Studies on Some Tropical and 
Subtropical Fruits in Pakistan 

Wasim A. Farooqi* 

VARIED types of agro-elimatic conditions exist in Paki
stan, where fruits of tropical, subtropical and temperate 
origin are grown, From an estimateu area of 456 000 ha, 
about 3.955 Mt of flUit arc produced annually. Out of 
this produce, 1.609 and n.776 :-..it are citrus and mango, 
respectively (Anon. 1992a). 

Due to inadequate availability of basic infrastructure 
for postharvest handling. storage. distribution, and lack 
of technical knowledge. about 20 JOc; ()f the produce is 
wasted between orchard and the consumer, this loss 
amounting to millions of rupees annually (Fawoqi 
1990). 111is loss also robs the growing population of 
fruit, resulting in malnutrition. Moreover, the qual ity of 
exported fruit deteriorates before it reaches its destina
tion, resulting in lower prices on the international 
market. This situation prompted research on postharvest 
aspects of fruit, the results of some of which arc sum
marised in this paper. 

Application of Postharvest Technology 

Effect of low temperature 

Refrigeration is the principal means for extending the 
shelf life of most fruit. I !owcver, tropical fruits are sen
sitive to postharvest l'hilling if they arc stored at tem
peratures below 10°C (Farooqi anu Qureshi 1976: 
Farooqi 1990). The results of studies on mango and 
citrus follow: 

Mango. 'Samar Bahisht' (Pakistan) and 'Sensation' 
(USA) varieties of mango were subjected to chilling 
temperatures (2-8°C) and their effect on the develop
ment of skin-injury, time to ripen, taste, and l'lavour 
were recordeu after transferring to ripening temperature 
(20±2°C) for 5 days, 'Sensation' mango grown in the 
Punjab province proved more (P < OJ)I) chilling sensi
tive than 'Samar Bahish!, grown under the same eco
logical conditions (Farooqi el al. 19ti5a: Farooqi 19ti9). 
The peel of mango was Illore damaged by lower tem
peratures than was the whole fruit (Faruoqi 19ti6). 

Citrus. The effect of low temperature (2°C) on 3 
commercial cultivars viz: 'Kino\\,' mandarin,' Eureka' 

* Nuclear Institute for Agriculture and Biology (l\;IAB), P. O. 
Box 128. Faisalabad, Pakistan. 
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Lemon, and 'Marsh' grapefruit was studied. After 
exposure for 3. 6. and 12 days. the fruit were transferred 
to room temperature (25±2°C) and examined for quality 
after 5 days. 

The results showed that fruit of 'Eureka' lemon was 
most sensitive to chilling injury followed by 'Marsh' 
grapefruit ,IIlU 'Kinmv' mandarin. The rate of respiration 
(evolution ot' CO» and ethylene pmduction of Kinow 
fruit was enhanceu due to chilling, indicating tissue 
damage (Farooqi et al. lyg7a), 

EIIect of waxing 

The effect of waxing on 6 commercial citrus cultivars 
viI. 'Feutrell's Early' and 'Kinow' mandarin (Citrus 
reticulata Blanco), 'Pineapple' and 'Valencia' oranges 
(Citrus sinensis Osbeck), 'Eureka' lemon (Citrus limon 
Burm) and 'Marsh' grapefruit (Citrus I!(lraciisc Mad.) 
using three cnrnmercial wax emulsions viz. 'Fruitcx' 
(Pak. produl·t), and Britex ."161 anu SB-65 (U.S. prod
uctS), was studied dunng storage at refrigerated and 
non-refrigerated temperatures. Changes in external 
appearance. weight loss. respiratory activity (on Kinow 
only), biochellllcai constituents such as ascorbic acid, 
acidity, and reducing. lloI1-reducll1g, and total sugars. 
and sugar acid ratio (SAR). werc' determined (Farooqi 
19R3). Application of a thin layer (2 11111 ) of wax on the 
fruit surface improved the cosmetic appearance of the 
fruit and helped to reduce weight loss. Waxing aiso 
reduced the rate of respiration and ethylene production 
in Kinow during storage (Farooqi et al. 1Y88a). !ncor
poration of antifungal agents in the wax emulsions l11in
imiscu microbiological spoilage due to Penicillium spp. 
but had no effect on Alternaria rot. Waxing created the 
prohlem of otT-llavour when the fruit was stored at telll
peratures above 20°(', It was therefore found necessary 
to tailor the thickness of wax coating to the fruit variety 
and the temperature expected during storage and mar
keting (Farooq i 19ti3). 

Chemical modifications 

Mango. Thiahendazole (TBZ). bcnomyl, captan, and 
antraeol (all fungicides) were applied on the fruit by 
dipping before storage so as to control anthracnose and 



stem-end rot. No signil'icant reductions in these prob
lems were recorded. Huwever, dipping fruit in warm 
water at 55°C for 5 min. significantly controlled disease 
incidence (Farooqi 1989). 

Dipping hard green-mature mangoes in malic hydra
zide solution (1000 ppm) for 2 min. helped to delay the 
ripening of fruit (Rashid and Farooqi 1984). 

Citrus. Dipping of citrus fruit Kinow and Eureka in 
2-4 dichlorophenoxyacetic acid (2,4-D) kept the 'but
tons' intact and green at concentrations of 500 and 300 
ppm, respectively (Farooqi 1983). Application of TBZ 
at 5000 ppm on citrus fruit was found to control fruit rot 
due to Penicillium spp. The application rate was later 
reduced to 1000 ppm (Farooqi et al. 1988b). Postharvest 
residues of TBZ were detemlined in the peel, pulp, and 
juice of treated Kinow fruit. After 3 weeks storage, no 
residue of TBZ was detected from the pulp and juice 
(Farooqi et al. 1975). However. 3 ppm of TBZ were 
detected in the peel, an amount falling within limits set 
by WHO/FAO (Farooqi 1986). 

Control of 'black-rot' in stored citrus fruit 

During extended storage, citrus fruit become blaek 
from the inside. The disease-causing organism has been 
identified as Alternaria citri. The disease is insidious 
and cannot be detected unless the fruit is cut. Since the 
fruit appears outwardly sound, affected fruit cannot be 
sorted out, presenting a serious problem to the fruit trade 
and juice-processing industry. Most postharvest treat
ments had failed to control this pathogen 'in vivo' and 
'in-vitro' . 

Application before storage of an indigenous product, 
'antibiotic F' derived from a local strain of Bacillus 
subtilis AECL 69. was found to be effective in control
ling this disease (Farooqi et al 1981 a; Farooqi 1983). 
The process has been patented (Farooqi et al. 1988b). 
The bioactivity of antibiotic F was not detectable in the 
pulp and juice. It could be traced in the peel for up to 7 
days but was undetectable there after 2 weeks. Studies 
on the control of black-rot using antibiotic F have been 
carried out on a larger scale with some success (Farooqi 
and Ahmad 1992). 

A study on the influence of pH on the incidence of 
black-rot in stored citrus fruit revealed that attack by this 
disease was more pronounced on sweeter than acidic 
fruit. Citrus fruit should therefore be harvested at an 
earlier stage of maturity, and not be delayed (Farooqi et 
al. 1985b,c). 

Radio-pasteurisation 

Mango. Exposure of hard green mangoes to gamma 
irradiation (from 60Co) at a dose of 300 Gy delayed the 
ripening of mango fruit by 5 days during storage at room 
temperature. At this dose, no phytotoxic effect on the 
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peel of irradiated fruit, loss of any nutritive content or 
deterioration in taste and /lavour was recorded.(AIi et al. 
1968; Farooqi et al. 1974a). 

Citrus. The effect of radio-pasteurisation on Kinow 
mandarin at doses of 1-3 kGy was studied. Doses of I 
kGy (100 Krad) and above resulted in phytotoxic prob
lems in the peel of irradiated fruit reducing consumer 
acceptability (Farooqi et al. 1974b, 1987b). Although 
other parameters remained normal at this dosage, the 
treatment could not, because of skin injury to fruit, be 
recommended for practical use. 

Effect of packing 

Mango. The effect of 5 types of lining material viz: 
newsprint, tissue paper, wax paper, cellophane, and 
polyethylene films 0.098, 0.015,0.024,0.030, and 0.030 
mm thickness, respectively, were studied during storage 
at room temperature (Farooqi et al. 1979). It was 
observed that weight loss of fruit held in cellophane and 
polyethylene-lined containers was significantly reduced 
(P<O.O I) followed by wax paper, newsprint, and tissue
paper-lined containers. Wooden boxes were more suita
ble for local marketing, while cardboard boxes were 
preferred for export trade. 

Citrus. The effects of the same types of packaging/ 
lining materials on the quality of citrus fruit were stud
ied during storage at room temperature (20 ± 2a C) as 
well as in cold storage ( 5± 1°C). The trend of weight loss 
and its impact on the appearance of citrus fruit were 
similar to that reported for mango (Farooqi et al. 1979; 
Farooqi 1983). 

Controlled atmosphere (CA) storage 

In an experiment on 'Langra' mango, hard green
mature fruit were kept under nitrogen (N2) for 2 weeks 
during storage at room temperature (2S-30°C). The fruit 
remained hard green. However, on transfer to air, the 
fruit failed to ripen normally: patchy softening of pulp 
with 'off-tlavour'. This problem might be due to oxygen 
(02) deficiency. There is a need to carry (Jut research on 
the effect of CA storage on mango so that its shelf life 
can be increased, permitting shipment to distant mar
kets. 

From Laboratory to the Field and 
Market 

Field and export trials on citrus and mango have been 
carried out in collaboration with private sector agencies 
with encouraging results. A summary of the results of 
these trials follows. 



Studies at farmers' tield level 

Kinow fruit were harvested and divided into 3 lots of 
500 each. One lot was treated with a patented process 
(Farooqi and Ahmad 1981), the second lot was wax
coated using 'Fruitex', and the third was held under 
normal storage conditions as a control. The 3 lots were 
kept in the orchard, the grower collecting observations 
for 3 weeks during storage in a field shed ( 25-30°C). It 
was reported that both processed and wax-coated fruit 
remained in good condition for 3 weeks, as compared 
with the control. which deteriorated within 10 days. 
OtT-flavours were recordcd in waxed fruit. A good 
external appearance was maintained in the processed 
fruit and the navour also remained nonna!. Therefore, a 
panel of judges preferred processed fru it over fruit from 
the other two treatments (Asi ct al. 1989). 

Studies on export citrus 

Ten tonnes of Kinow fruit were processed with the 
NIAB's patented process (Pak. Pat. 127370) at a com
mercial grading plant together with other lots treated by 
conventional means. These fruits were labelled and put 
in the export chain. Fruit packed in cardboard boxes 
were transported from the orchard to Karachi port by 
road (1100 km), then packed in pallets and shipped by 
reefer container (5± 1°C) to Singapore. The trip from 
orchard to destination took 25 days. It was reported by 
the exporting agency that the quality of processed 
Kinow was higher than the othcr lots at ()utturn (Anon. 
I 992b). The indigellous postharvest technology proved 
morc useful for the preservation of Kinow than other 
techniques used by the exporter (Farooqi 1993). 

Studies on export mangoes 

During 1990, a pilot scale export trial was carried out 
in collaboration with GTZ (Germany) and FPCCI 
(Pakistan). Ten thousand boxes of 4 kg each of 'Sindhri' 
and 'Sunara' varieties of mango from Sindh were pro
cessed, packed in LD containers (20-25°C) and 
exported by air to Frankfurt (Germany). The processed 
mango was rated excellent on arrival at the port and 
therefore fetched premium price in the international 
market (Farooqi and Qureshi 1991). 

Quality of Fruit and Juice 

Aromatic eompounds 

The quality of fruit is dependent not only upon its 
external appearance but also on its taste and navour. 
Flavour is determine by several aromatic compounds. 
Therefore, volatile compounds of Kinow mandarin and 
some grafted varieties of mango grown in Pakistan were 
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estimated using a static gas chromatography head space 
method (Asi et al. 1989). 

Mango. The volatile cumpounds identified were eth
ano!, ethyl acetate, butanol, hexano!, a-pinene, myr
cene, limonene, and an unknown compound. The 
concentrations of these compounds varied between dif
ferent varieties, such as' Anwar Ratol', 'Fajri', 'MaIda', 
'Desi', 'Samar Bahisht', and 'Langra' and has been 
described elsewhere (Hussain et al. 1993). 

Citrus. The compounds identified in Kinow mandarin 
and Valencia orange included methanol, ethanol, a
pinene, r"l-pinene, limonene, linalool and citral. Limo
nene was found to be the major fraction in both varieties 
followed by ~-pinene and a-pinene. The concentration 
of citral, the most important flavour-active constituent 
of citrus oil. was 0.46 and 0.49'k in Valencia and 
Kinow, respectively. 

Citrus juice quality 

The inlluence of root stock, time of maturity, juice 
extraction method, and storage time on the bitterness of 
juice was studied in Valencia orange. It was found that 
the root stock, time of maturity, and the storage period 
had a significant effect on the bitterness (Mahmood et a!. 
1975: Tariq et al. 1974) of the juice, which is used in 
making several fruit products. 

Quality improvement 

Research to improve the quality of existing mango 
and citrus varieties for better consumer and industrial 
acceptability has been initiated in NIAB. 

Mango. The gernlplasm of some 60 indigenous 
varieties has been maintained for screening for better 
taste, appearance (colour), shelf life, and resistance to 
insect pests and diseases. 

Citrus. The high seed count (25-30 seed/fruit) of 
Kinow mandarin is one of its drawbacks. Moreover, in 
the juice extraction industry, the limonin from the 
crushed seeds makes the juice bitter and impairs its 
quality. Therefore, research on the induction of seed
less ness in Kinow through bud-irradiation has been 
undertaken and a sparse-seeded (3-5 seed/fruit) material 
identified for multiplication and commercial exploita
tion (Anon. I 992b). 
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Potential of Value-added Fruit Products 
in Papua New Guinea 

Alfred Ihekoronye* 

PAPUA New Guinea (PNG) is geographically suited for 
the production of most tropical and some temperate 
fruits because of its wide range of climatic conditions 
and soil types. 

The fruit processing industry has not however devel
oped to a recognisable level in the country because pro
duction of most fruits in PNG is currently based at the 
village level. Production statistics for fruits have been 
inadequate, assessments being approximate for particu
lar regions. The figures reported often do not include 
local subsistence level production, especially kitchen 
garden production, leading to wide variations in 
national or regional estimates. This is very important, as 
smallholders dominate the fruit-growing sector in PNG, 
the majority being subsistence farmers. 

Banana is the most important fruit grown because it is 
an important staple. Pineapple, watennelon, and papaya 
are other fruit species grown in the food garden. Others 
such as mango, guava, orange, and passion fruit are 
largely grown in home-lots or near the houses. There is 
some commercial production of fruits, that is, produc
tion to earn an income rather than production to meet 
local food requirements, primarily by expatriate farmers 
and institutions. Some of these have plantations of five 
or more hectares to supply the fonnal domestic market 
at hotels and supennarkets. The Markham Valley Fanns 
in Lae, for example, has some 500 fully bearing guava 
trees, mangoes, papaya, and carambola. 

National Fresh Fruit Production 
Estimates 

Because of the fragmented structure of the food produc
tion sector in PNG, it is very difficult to estimate the 
reliability of the total production of fruits. The 1988 
Urban Market Survey gives data on the marketed quan
tities of various staples, vegetables, and fruits for con
sumption primarily in the urban centres. Across the 
country, nearly half of the traded crops in the markets 
were staples (42%), with vegetables (27%) and fruits 
(24%) accounting for a total of 29 600 t of produce for 
1988. Offruit (7134 t), mau bananas (J 187.8 t), oranges 
(837.8 t), mangoes (538.8 t), papaya (896.1 t), and pine
apples (706.9 t) accounted for 60% of the production. 

* Department of Applied Sciences, Papua New Guinea Univer
sity of Technology. PMB Lae. Papua New Guinea. 
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Regional Fresh Fruit Production in PNG 

A feasibility study on fruit juice production in PNG, 
completed by the International Food Industry Consul
tants (IFICON) in 1990, proposed the establishment of 
three major production centres: Mt Hagen for citrus, 
Rabaul for mangoes, and Port Moresby for pineapples. 
This proposal conceals a complcx situation which the 
consultants did not considcr and which will eventually 
lead to the failure of the projects should they be imple
mented. PNG is mountainous and rugged and includes 
so many offshore islands; air transport is often the only 
feasible means of moving goods and people and this is 
expensive. In addition, fruit trees scattered throughout 
thousands of forested hectares of land are of little prac
tical value to a processor. The fruit trees must be con
centrated on a scale of quality commensurate with 
processing requirements. 

There are no statistics available covering the fruit
growing areas or the production of fruits, but a feasibil
ity study conducted for Morobe Provincial Government 
(lhekoronye 1993) showed that the growing areas for 
fruit, and therefore, the production are expanding. 
However, the limiting factor for increasing fruit pro
duction is that demand for fresh fruit originates only 
from the fresh fruit markets. At the moment, there are no 
fruit processing industries in PNG, so the fruits are 
either consumed by the grower families, traded in the 
market, or wasted. The fresh fruit market in PNG is an 
established institution where individual growers market 
their own produce. 

Based on the amount of fruits sold in fourteen urban 
markets in PNG, Lae market alone accounted for about 
36% of a national average production of 7930 t (1992 
estimate). Production of fruits in the Markham Valley 
region and Lac district constitutes 26.6% of the national 
fresh fruit output, sufficient for a viable fruit products 
industry in the area. with the additional advantage of 
allowing processing of all fruits at one plant rather than 
three different plants at various locations. 

The areas of fruit production in the Morobe Province 
arc extensive and involve all districts in the region. Iden
tifiable clusters of fruit growing areas in the province are 
shown in Table I. From the list of fruits grown in the 
area, those amenable to processing and whose supplies 
could be depended upon are: mau banana, mango, pine
apple, papaya, passionfruit, guava, and watennelon. 



Table I. Fruits grown in Morobe Province 

I. Lae/Huon District 

Pineapple, guava. passionfruit, mandarin, papaya, mango, 
banana, rambutan watermelon. cucumber. soursop, lemon, 
avocado, cashew, laulau, rock melon, tomato, tree tomato, 
strawberry, blackberry. 

2. Kaiapit District 

Mango, pineapple. watermelon, lemon, orange. rambutan. 
passionfruit, guava, tomato, tree tomato, cucumber, 
laulau, banana, avacado. 

3. Mumeng District 

Papaya, pineapple. watermelon. passionfruit, cucumber, 
strawberry, tomato, tree tomato, guava, rambutan. lemon, 
orange, mandarin, laulau. banana, avacado 

4. Wau District 

Papaya, pineapple. watermelon. orange, mandarin, tomato. 
strawberry, tree tomato, guava, rambutan, kmon.laulau, 
banana,avacado 

5. Menyamya 

Papaya, banana, pineapple, avacado. orange, mandarin, 
tomato, tree-tomato, passionfruit. cucumber. 

6. Finschaffen District 

Papaya, banana, pineapple, mango. avacado, orange. 
tomato, passionfruit, cucumber, watermelon, lemon, laulau, 
rambutan 

7. Kabwum District 

Papaya. banana, pineapple. mango, avacado, orange, 
mandarin, tomato, passionfruit, cucumber, watennelon, 
lemon. laulau, ramhutan 

Table 2 provides estimates of the number of house
holds growing the above food crops and the number of 
food crop gardens in the area. 

The provision of raw materials (fresh, processable 

fruits) has been emphasised because the supply and cost 
of fresh fruits are crucial determinants of the profitabil
ity of a fruit-processing enterprise. 

Strategies for Increasing and Sustaining 
Supply 

I. Provide incentives through credit, input supplies, and 
a price guarantee scheme and subsidies to encourage 
farmers in the rural areas to grow at leasts a few addi
tional hectares of fruits for the fruit industry. Table 3 
shows a projected five-year production plan from 
such a scheme given that 10, 5, 8, and 20 contract 
growers each cultivate 20, 10, 8 and 10 ha, respec
tively, of pineapples, mau bananas, and guavas. 

2. Encourage cooperative organisation among contract 
out-growers. Problems traditionally associated with 
cooperatives must be confronted. 

3. Establish a sole or nucleus plantation in order to secure 
a reasonable degree of self-sufficiency within the pro
cessing facility. This is an attractive option particu
larly a nucleus plantation which will supply only a part 
of the requirement while serving as a demonstration 
farm from which independent growers could acquire 
new and improved skills. Table 3 gives the production 
envisaged from such a faml. ll1e projections made in 
these proposals are conservative, although achieve
ment of the expected outputs in the respective fruit 
crops would lead to an almost fourfold increase in the 
supply of pineapple and papaya to the industry. 
Establishing a processing facility without securing 

the supply of fresh fruit is not advisable. Bearing in mind 
the objective of securing supply, one would imagine that 
the ideal solution would be for the factory to own an 
orchard fur 100% of the required quantity of fruits. But 
many local factors such as availability of land, soil fer
tility, and risks of pests may mitigate against this in 
favour of a nucleus estate. 

Table 2. Food gardens: numbers of households and gardens. and percentage of food gardens under difkrent crops in Morobc 
Province, PNG 

District/province Finschafen Kabwum Lac Mcnyamya Mumeng Mutsing Wau Morobe 

N umber of households 9513 6046 8147 9105 2800 5677 3352 4464D 

Number of gardens 50186 17330 30615 19603 9719 26285 12041 165879 

Banana 
Cooking 85 80 91 98 68 83 5.' 84 
Mall (eating) 60 56 74 52 21 42 7, 57 

Papaya 71 49 69 14 50 53 30 55 
Peanut 7 I 6 5 5 2 25 6 
Pineapple 14 15 26 7 13 15 13 15 
Guava 4 2 3 3 19 6 7 7 
Mango -' 2 6 6 4 9 4 8 
Watermelon 4 3 19 2 3 7 6 7 
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Table 3. Projected production of proccssahle fruit and nuts in Markham Valley and Lae districts; with outgrowers and nucleus 
estate 

COllllllodity 
----- - ---

Year I Year 2 
1996 1997 

Mango 60.24 60.30 
Papaya 1854.XO IX59.90 
Mall banana 1203.50 1204.20 
Guava 330.Q3 330.04 
Pineapple 3407.73 3412.01 
Peanut 406.90 413.90 
Sunflower seed 225.0() .'-10.05 

Market Prices of Fresh Fruits 

The price paid to obtain fresh processable Cruits has a 
crucial bearing on the viability of a fruit products indus
try in PNG. The open market prices for these fruits are 
related to the fruit season. with peak prices at the begin
ning and end of the season. Table 4 lists yield and sea
sonal availabilitv of fruits in Morobe Province. The 
processor can oiTer a higher price if the price of his 
output rises enabling. him to operate within a less rigid 
financial constraint. Failure to respond to fluctuations in 
the prices paid for fresh fruits will result in a shortfall of 
supplies. 

Choice of Products 

Choice of products is one of the first major decisions 
that the potential manufacturer has to makc. It will be 
necessary to consider in detail the possible market. thc 
availability and seasonal nature of fresh fruits in PNG, 
the scale of operation and equipment required, and the 
availability and cost of technical backup and advice. It is 
necessary to visit local shops and supermarkets to look 
critically at the fruit products on sale. Reviewing thc 
import statistics, along with visits to retailers, will give 
a quantitative as well as a qualitative view of which 
products arc normally consumed. 

A very loose estimate of thc market capacity based 
upon statistical information indicates thc consumption 

Table 4. Seasonal availahility of fruits in Morobc Province 

Yield (t1ha) Months Season 
hct(lrC fruiting 

Pineapple 35 8 Oct-Mar 
Passionfruit 10 6 April-June 
Guava 30 J:'\ Nov-Dec 
t\lango 30 42 'Jov-Feb 
Paraya 25 13 All year 
Cilrus 20 40 Feb-May 
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Quantity (I) 

Year 3 Year 4 Year 5 
1998 1999 2CX)0 

60.36 60.42 60.48 
1865.00 l~nO.14 1875.30 
1205.30 1206.30 1207.40 
330.05 330.05 330.60 

3416.42 3420.80 3425.30 
420.50 427.49 441.90 
330'()9 330.14 330.18 

of 3 million Iitres of fruit juice drinks, 210 t of jams, and 
30 t of marmalade per annum with an import value of 
5-7 million kina. The products with greatest potential 
are therefore: 
• Papaya, mango and pineapple juices (also fruit pieces 

in syrup) 
• Fruit jams and jcllics based on mat! banana, papaya, 

pineapple, guava, etc. 
• Pickleel fru its; brineel and then subsequently pack

pastcurised in vinegar. 
• Fruit chutney based on mango, pineapple, guava, etc. 

Scale of Operations 

It is very difficult to define exactly the differences 
between, for example, cottagc, small-scale, and 
medium-scale operations. One cannot think only in 
terms of output as this will dcpend on the time it takcs to 
produce a given product. Similarly, statistics such as 
turnover will depend on the country in question and the 
final product valuc. When selecting the scale at which to 
produce in PNG, there is no clcarly defined level of 
tcchnology in use. Such shibbolcths as 'appropriate' or 
· intermediate' technology do not apply. However, what
ever type of process or equipmcnt is used, it must be 
appropriate to the needs of the customer and the pro
ducer; it must suit the individual situation to allow the 
processor to make full productive use of the technology. 

Labour 

Given the technology and supcrvision requircd for a 
fruit-processing enterprise. it is envisaged that the ven
ture would be heavily dependant on cxpatriate manage
ment at the initial developmcnt phase. Howcvcr, local 
personnel would be trained to eventually assume 
responsibility for its control. Success in fruit processing 
in PNG is a management challenge. The task of training 
pcrsonnel to undcrstand industrial proccssing, to be 
conscious of product quality and to be aware of hygiene 



and contamination is the challenge which will detennine 
success or failure for any enterprise in the country. 

Economics and Cost Considerations 

Economic and financial analysis provides a practical 
measurement to assess the profitability of a given pro
ject for a given time period and their likely impact on 
potential investors and beneficiaries. However, in view 
of the complexity of factors involved within PNG. a 
detailed explanation of this topic is not possible here. 
For example, local circumstances make it impossible to 
compile cost and price data in an orthodox fashion. 

PNG Government Policies for Industry 
and Trade 

While it is not possible to describe all these policies 
here, some of the most significant features are that they 
support an open economy, a liberal trade regime, and 
financial stability. They arc designed to improve PNG's 
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international competitiveness, as well as promote pri
vate sector investment. Industries may be granted both 
general protection and infant industry protection. Gen
eral protection may be accorded to both new and exist
ing industries in consideration of their contribution to 
general economic development, to the socioeconomic 
objectives of the government (including export growth, 
import substitution, and employment creation) and to 
the utilisation of domestic raw materials. Infant industry 
protection can be given to new industries and to those 
established in the past four years in order to provide 
short-ternl protection against foreign competition. A 
fruit products industry stands to benefit from these poli
cies. 

Reference 
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The Economic Potential of Interventions to Reduce 
Postharvest Losses of Tropical Fruits and Nuts in 

Papua New Guinea 

L.B. To Viliran* 

PAPUA l\ew Guinea (PNG) is a tropical island country 
sharing a land border with Indonesia's Western Prov
ince of Irian Jaya. It is located near the equator lying 
between latitudes I ° and 12°S and between longitudes 
141 ° and 169°E. 

The climate is generally hot with very high rainfall. 
PNG is rich in natural resources such as copper and gold. 
and possesses commercially viable oil and gas reserves. 
With a land area of 463000 km2, 75% of its lanJ surface 
is covered by rainforests yielding exportable timber 
(Stcin 1991). 

Some 85% of the country's population of 3.9 million 
people directly or indirectly derive their livelihood from 
agricultural activities, operating in the informal sector 
and on communally owned land at a subsistence level. 
There is also a small, modem sector with large farms and 
plantation-scale production allowing modem industrial 
processing. Agriculture, being PNG's economic back
bone, generates 40% of gross domestic product and 
around 35% of total exports if forestry products are 
included (Figs I and 2). Stein (1991) reported that 
approximately three-quarters of the fam1 population 
produce one or more of the leading export cash crops 
- coffee. cocoa, copra, and palm oil, deriving an aver
age of 60% of their cash income from this activity. Cash 
crops are viewed by most famlers as a sideline or sup
plement to subsistence cultivation. Production of tropi
cal fruits and nuts has enormous untapped potential for 
the economy ofPNG. 

Potential Fruit and Nut Industry in PNG 

Production 

PNG has a favourable agro-climatic environment 
with well-distributed rainfall and sunshine. This factor 
contributes to favourable production of banana, papaya, 
citrus. rambutan, soursop, durian, mangosteen, pineap
ple, passionfruit, avacado, lanzone, marang, etc. There 
is a distinct dry season for the production of, for exam
ple, mango, grape, and cashew nut. Lychees, macadamia 
nuts, longans, custard apples, peaches, apples, necta-

* Division of Primary Industries, P.O. Box 440, RahauI, Papua 
New Guinea. 
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rines, citrus, and other crops can be cultivated in PNG's 
tropical highlands and islands close to 200 S latitude. 
New land for agricultural usc is plentiful, as is rural 
labour. 

Table I lists some fruits indigenous to PNG. Current 
fruit production is limited by the absence of infrastruc
ture and services in thc remote areas of PNG. Lack of 
fruit-processing facilities compounds the problem. 
Nevertheless, PNG has the potential to meet existing 
limitations in these areas. The domestic market for fruit 
juices is approximately 3 ML per annum. Table 2 sum
marises the pattern of domestic consumption of fruit 
juices. If carbonated soft drinks, juices from imported 
concentrates, and cordial drinks arc added, the actual 
consumption reaches more than 3 ML (Peipul 1989). 

Processing 

A case study centering on the Cottees Pty Ltd pas
sionfruit-processing facility in the highlands of PNG 
illustrates the problems encountered in the establish
ment of fruit industries in PNG (Vloeberg 1989). Pro
duction at the facil ity gradually increased, reaching a 
peak of 620 t between 1953 and 1960. However. because 
of the establ ishmcnt of coffee gardens. production then 
gradually declined. General Foods took over from Cot· 
tees Passiona in 1970 to save the industry but their 
interest decreased until the final closure of the facility in 
1974. The government then purchased the facility in an 
attempt to revitalise the industry. but this was unsuc
cessful. Fresh passionfruit purchases indicate that pas· 
sionfruit production fell below 100 t in 1979. This case 
study highlighted passionfruit as one of the few fruit 
crops with the potential for export (as pulp) and for pro
cessing for the domestic market. 

There are a number of reasons for encouraging fruit 
processing in PNG: 
• the short storage life and perishability of fresh tropical 

fruits; 
• provision of an outlet for seasonal surpluses, 
• fruit import substitution, and associated employment 

opportunities; 
• marketing assistance to growers through price stabil

isation; and 
• diversification of PNG's exports. 



Copra (3.7%) 

Forest products 
(25.5%) 

Fisil products (2.1 %) 

Coffee 
(372%) 

Figure 1. Composition of Papua New Guinea's agricultural 
exports in 1989. Figures are percentages of total 
agricultural exports by value. Source: Stein 1991. 

To meet these objectives management in the fruit 
processing industry needs to overcome problems of lack 
of technical expertise in industrial processing, and to 
encourage awareness of product quality. hygiene, and 
contamination issues. Inventory management requires a 
good understanding for sustainable processing within 
seasons and over the full year. Technology (machinery 
and equipment) must be appropriate and easily operated, 
and be backed up hy readily available spares and service 
(Peipul 1989). 

Proposed Strategies 

PNG Department of Agriculture and Livestock (DAL) 
policy on fruit and nut development reaffirms the need 
to identify economic alternatives and technical options 
to replace andlor complement some of the commodities 
currently produced in the country (Sai'i 1989). The cur
rent situation confronting the main export commodities 
has forced PNG to seek alternatives and make a con
certed effort to diversify its economy. 

Feasible social and economic strategies need to be 
established for a fruit industlY, together with necessary 
technological expertise. A comprehensive package 
must be considered that includes credit lines and a tariff 
system to provide incentives t·) the sector. Technologi
cal expertise can be drawn not only from developed 
countries, but also from countries such as Thailand and 
Brazil which have developed successful fruit industries. 
A tariff system is also needed to provide incentives for 
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Agriculture 
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Figure 2. Composition of Papua New Guinea's exports in 
1989. Figures are percentages of total exports by 
value. Source: Stein 1991. 

capital needed. Equipment must be imported to develop 
the industry. The government must accept this as one of 
its roles in facilitating the industry. The credit system 
operating in PNG should be directed toward supporting 
the establishment of a fruit industry. The banking 
system must accept the fact that diversification and new 
industries require innovative financing with a long-term 
outlook and a willingness to introduce a credit-line to 
meet the demands. A full comprehension of the over
seas markets, demandlsupply, seasonality, quality, 
pricing, and quarantine regulation is also needed. PNG 
has yet to provide an indication of its ability to compete 
with major export countries taking into account the 
current efforts being made in the local fruit and nut 
industry. The development of sophisticated marketing 
techniques by highly competitive exporting countries is 
a challenge to PNG. 

There is potential for the establishment of a nut 
industry in PNG including cashews, macadamias, and 
especially some of the native nuts such as okari (Termi
nalia kaernabcii) and galip (Canarium indicum). Galip 
and okari nuts are gathered throughout the lowlands. 
The opportunity for PNG to participate in the nut indus
try is favoured by the high demand on the world market 
for cashew nuts which has driven the price to US$6-7/ 
kg of kernel. The latest fruit and vegetables import fig
ures of approximately 1400 t per annum do not fully 
account for total consumption. Marketing therefore is 
one of the main constraints affecting any potential 
expansion in this area (Sai'i 1989). 



Table J. Some indigenous fruits of Papua New Guinea 

Species 

Baccaurea I'apuan 
Burchella obovata 
BrideIia tomantosa 
Citrus po/yandra 
C.papuana 

Name 

Mabewa 
Bukubak 
Aruais 
Citrus 
Citrus 
Citrus 
Citrus 
Mundroi 

Distribution 

Lowlands; 2 cv. at Kerevat 
New Britain; J cv. at Kerevat 
Western Province 
Manus. New Ireland. Coastal. lev. 
at Aiyura 
Lowlands 
Lowlands 
Manus Islands 

Microcitrus H"arburghii 
M. daileyii 
Conyoncarpus cribbianus 
Uracontollle/on dao 
Ficus copiosa 

New Guinea walnut 
Fig 

Coastal areas 
Widespread 

F. dammariusis 
F/acourtia inerlllis 
Mangif"erafurtidea 
M.minor 
Parinari nonda 
?orllletia pinnata 
Rubus .!i-axinifuIius 
R. nlO/uccanus 
R. ros(fuIius 
Spondias cytherea 
Syzgiulll aquem 

Fig 
Lovi-Iovi 
Mango 
Mango 
Enganl 
Taun 
Red raspberry 
Red raspberry 
Red raspberry 
Golden apple 
Rose apple 

Coastal areas 
Widespread 

Lowland forests 
Lowlands 
Highlands 
Highlands 
Highlands 
Lowlands. I cv. at Kerevat 
Lowlands 

S.jambos 
S. ma/accensis 
S. Sl1maran!{cnse 

Rose apple 
LaulaulMalayapple 
Water apple 

Lowlands 
Widespread 
Lowlands 

Source: French 1986. 

Table 2. Domcstic fruit juices distribution 

Flavour type Percentage (%) 

Orange 40 
Grapcfruits 2 
Other citrus and mixtures containing citrus 10 
Pineapple 9 
Tomato " 
~~ 7 
~pe I 
Mixes of fruit and/or vegetable oil 9 
Single tlavour and mixes other than those 18 
containing citrus 

Source: Pcipul 1989. 

PNG has an agronomic advantage in being able to 
cultivate a wide variety offruits. In the Highlands region 
citrus is cultivated, mango in the New Guinea Islands 
region, and pineapple and mango in the Papuan region. 
With the current low prices for the four major export 
commodities on the world market, diversification 
becomes necessary by creating new skills as well as 
employment. Though PNG is not self-sufficient, there is 
an opportunity for import substitution. The Department 
of Trade and Industry (DTI) sees the fruit juice industry 
as worthy of support. The recognition of this potential, 
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together with the interest of local investors, has 
prompted the detemlination by the DTI in seeking pos
sible development of this industry on a commercial scale 
(Peipul 1989). In 1988, PNG imports of fresh or dried 
fruits and nuts, fresh and preserved fruit, and fruit prep
arations totalled 56500 t, valued at 4.6 million Kina (I 
Kina = US$I). 

Constraints 

There are various constraints to the growth and devel
opment of the fruit and nut industry in PNG. Poor infra
structure, fragmented market, inadequate and expensive 
transport and communication, lack of adequate skills 
and local entrepreneurship are difficulties to be over
come. Another constraint to development is PNG's 
rugged geography, which limits land available for agri
culture. Another stumbling block lies in the rights to 
land use. Stein (1989) reported that 97% of the land is 
commonly owned, with proprietary interests being 
vested in groups with customary claims to specified 
sites. There are limited individual rights to land use, 
which discourages land improvement measures by 
farmers and, even where an investment demand exists, 
their financing. 



Conclusions 

DAL and the agricultural sector see diversification of 
the economy as an urgent alternative to an increasing 
unemployment problem and lack of commercial oppor
tunities for smallholders. Fruit processing is one area 
that could be promoted. Nucleus estates could be estab
lished, in order to guarantee supply, supported by 
research assistance in production, processing, and pest 
control. A marketing strategy is also needed. An inte
grated approach is needed to the development of a fruit 
and nut industry in PNG. 
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Aspects of Marketing of Tropical Fruits 
in Temperate Climates 

Rajat Roy* 

TROPICAL fruits and vegetables arc now readily availa
ble in Britain. The outlets are both the large supermar
kets and the 'corner' shops owned by members of the 
immigrant communities. The following arc some of the 
tropical fruits sold, their country of origin, and their 
prices in supermarkcts: 
• Cape gooseberries, Colombia, 99p"j- per quarter 

pound ( I 12 g) 
o Kiwifruit, North Africa, 59p for four 
o Lychees, South Africa, 84p per half pound (225 g) 
o Passionfruit, South Africa, 59p for four 
o Small papayas, Kcnya, £Lll) each 
o Mangoes, Kenya, £1.09 each 
o Persimmons, Israel, 25p each. 

The Need for Quality Standards 

Some other fruits available arc mangosteens, kumquats, 
and guavas. The prices being asked arc much higher 
than in their country of origin. One acccpts that thc cost 
of transportation to and distribution in Britain is a factor 
responsible for higher prices, but the consumer has a 
right to expect products of consistent high quality com
patible with the prices being asked. At the present time, 
this quality is not always in evidence. The lack of mar
keting information from the original supplier on stan
dards of quality and specij"ications is matched by the 
ignorance of some consumers on expectations of tla
vour, size, texture, modes of consumption, and what are 
reasonable prices to pay. 

Supermarket Systems 

Some of the supemlarkets do, however, now have com
mendable systems of monitoring quality, and provide 
consumers with infonrnation on the fruits. Sainsburys, 
one of the largest supermarket chains in Britain, has this 
to say about the provision of information to consumers: 

... you can imagine that the controls of fruit quality from 
source [0 our stores is critical if we are to give our cLlstomers 
the best quality product with respect to Ilavour and shclflife. 

* Glasgow Caledonian University. Southbrae Drive. Glasgow 
GI3 I PI'. Scotland. U.K. 

-i- IOOp~£I.OO~caUS$1.55, 
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In furtherance of this ailll, the following are some of 
the critical control points monitored by Sainsburys. 
o Sourcing - use of correct country 
o Agronomy - check agronomic practices as regards 

varieties, harvesting methods, and modes of trans
port 

o Postharvest handling - time and temperature of 
transport 

o Shop display -- date coding 
o Consumer education - display materials. 

To ensure that such controls are in place, codes of 
practice and specifications are agreed to with suppliers. 

Tesco's, another leading supermarket chain, insists 
on implementation of codes of praetice and specifica
tions with the original supplier. The parameters of such 
specifications arc appearance, internal condition, 
organoleptic qualities. labelling, packaging. and weights 
or counts. Further, Tesco's technologists liaise with 
suppliers regarding sourcing, seasonality, and varietal 
changes. For tropical fruits they concentrate. in particu
lar, on the following aspects. 
o Harvesting --- monitored in relation to transport and 

readiness for consumption at point of sale; they claim 
that consistent maturity at harvest is critical as vari
ability means longer periods of storage. 

o Temperature control - fruits vary in the temperature 
and humidity of maturation. Accelerated ripening 
tends to reduce shelf life. 

o Spoilage and wastage they ensure that the vast 
majority of spoilage and wastage occurs beCore the 
fruits are accepted from the supplier. 

o Guidance to conSUTllers - this is by pamphlets sug
gesting uses and modes of storage and consumption in 
the home. 
An example of specifications for a particular fruit -

papaya from Jamaica --- are: appearance, grades. sound 
clean, firmness, shape, and colour. Other quality 
parameters are maturity, texture, ripeness, and flesh and 
skin colour, absence of deCects such as pests, chemical 
residues. extraneous matter, and chill damage to Ila
vours. 1l1ere are also important provisos regarding tem
perature control, date coding, packaging. and labelling, 

Other, smaller supermarket chains have similarly 
agreed with suppliers specifications of varying detail 
based broadly on parameters of appearance, internal 
conditions, organoleptic criteria, labelling. packaging. 



and weights or counts. All supply sources arc required to 
work to detailed coues of practice for hygiene and qual
ity control. 

The Corner Store as a Supplier 

Nevertheless, only a section of the population purchases 
its tropical fruits and vegetables from supermarkets, and 
is thus able to buy fruits of quality with goou shelf life 
and acceptable organoleptic properties. Those consu
mers who buy their tropical fruits and vegetables from 
corner shops have no guarantee of such quality. Indeed, 
some of the fruits will have long passed their 'use-by' 
date and be of dubious quality. For this substantial group 
of consumers, one requires codes of practice and speci
fications to be observed by original suppliers. They must 
instigate quality monitoring systems at all stages of dis
tribution if they arc to maintain markets in temperate 
climates. This is the only way they can ensure that the 
whole population is given a choice of quality tropical 
fruits, anu that they will meet the imminent legislative 
standards in the European Community. 

Requirements of Suppliers 

Further, these codes of practice and specifications will 
refute the uneducated charges of unhealthy quality by 
some of the press and consumer organisations about 
imported tropical fruits and vegetables. The suppliers 
must produce codes of practice, especially hygiene ones, 
and issue specifications on aspects of harvesting, criteria 
of selection, methous of transport, expected shelf life, 
and recommendations on storage. 

Transport will be an important factor, as distances to 
be covered will be great. The method of transport -
chilled, controlled atmosphere, or ambient - will have 
considerable inl1uence on the organoleptic quality and 
the shelf life of the products. 
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Applied technological research on such aspects as 
accelerated ripening in the country of sale is imperative. 
Not all tropical fruits will respond to the same condi
tions of accelerated ripening. The criteria to be used for 
'sell-by' or 'cat-by' dates for fruits solu from shops that 
have no facilities for storage, chilled or ambient, need to 
be determined. Packaging of tropical fruits is another 
area that requires applied research. The type of packag
ing and its influence on ripening and ultimate quality of 
the products, as well as the economics of packaging 
tropical fruits require investigation. Sainsburys believes 
that films with varying rates of gaseous exchange will 
inl1uence fruit maturity and control !lavouT. 

The results of applied research by original suppliers 
and wholesale importers should provide small shops 
with simple guidelines on modes of display, couing, 
stock rotation, and criteria for rejection. Incentives, such 
as Tesco's point-of-sale guarantee of sweet taste on 
papayas and ripe and reauy-to-eat avocados, coupled to 
money-back offers. 

Extensive research must continue on aspects of 
ripening of fruit to ensure that customers can purchase 
fruits at their optimum. Transport in CA or MA con
tainers would reduce the use of postharvest chemicals. 
Monitoring the product from growth to the ultimate 
consumer is essential if one is to sell a quality product at 
a price that the consumer will readily buy. 

The market for tropical and subtropical fruit and veg
etables has vast potential in Britain and Europe. This 
potential can be realised only if tropical suppliers can 
market quality products to informed consumers at prices 
they can afford. The prospects are infinite. 
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A Multivariate Factor Analysis of Consumer Preference 
on Banana Attributes 

Md. Yunus Jaafar and Raziah Mat Lin* 

THE banana has long been accepted as an edible tropical 
fruit in Malaysia. However, further research is needed 
on banana fruit marketing. This study aimed to identify 
postharvest banana quality attributes that inlluence con
sumer purchasing decisions. Data collected were sub
jected to multivariate factor analysis. 

Description of Methods 

The cross-sectional study utilised a stratified random 
design (Yates 1981: Cochran 1977) for data collection. 
The study was conducted at four randomly selected 
major towns in Peninsular Malaysia: Kota Bharu (east
ern region), George Town (northern), Kuala Lumpur 
(central), and lohor Bahru (southern). The sampling 
units (respondents) were patrons of shopping com
plexes. Two shopping complexes were randomly chosen 
from the available listing at each town. The respondents 
includcd clients, customers, shop owners, shoppers, and 
workers. A sample of 321 respondents was surveyed. 
The sample size (Snedecor and Cochran 1980; Gomez 
and Gomez 1984) was cstimatcd hased on the quantita
tive measurement from a pilot survey. 

The postharvest attrihutes examined included fruit 
shape, size, cosmetic (colour) appearance, detachability, 
peeling quality, flesh colour, aroma. taste, and texture. 
Data were collected through personal interviews. The 
respondents were interviewed employing a Likert's 
scaling precoded questionnaire (Rosenthal and Rosnow 
1991) compatible for computerisation on an IBM® 
computer. The responses were precoded in Likert's 
scaling (I = not important at all, 2 = not important, 3 = 
indifferent, 4 = important, and 5 = very important). 

The attributes charactcrising the consumer prefercnce 
on the banana were assessed using a multivariate factor 
analysis (Gorsuch 1983; Dillon and Goldstein 1985). 
SAS package PROC FACTOR (SAS Institute 1985) 
was utilised in data analysis. 

Multivariate Factor Analysis 

As an exploratory amI confirmatory statistical tech
nique, multivariate factor analvsis (FA) is a data reduc
tion technique for investig'ating interdependencies 

* Techno·Economic and Social Studies Division. MARDI, 
P.O. Box 12.101.50774 Kuala Lumpur. Malaysia. 
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among the variates (attributes in our case). The tech
nique attains a parsimonious description of the prefer
ence on observed attributes. It describes the covariance 
relationship among many attributes in terms of a few 
underlying but unobservable random factor dimen
sions. 

The factor model is 

where I, 2, ... , p (observations) and X. are the attrib
utes, and aj are thc weights, factor coefdcients, or load
lIlgs. Each of p observed attributes is described linearly 
in ternlS of m (m <p) common factors, F m , and a rcsidu<!1 
or specific unique factor, E/ The number of attributes 
should be less than the number of observations. The 
specific factors are uncorrelated with each other. The 
hypothetical unobserved common factors arc orthogo
nal with each other. The common factors arc orthog{)~lal 
to the specific unique factors; and each has a multivari
ate normal distribution. The measurements are standar
dised and comlllon factor components all have zero 
mean and unit variance. 

The eigenvalue (Ie.). of greater than one criterion, 
associated with each1-actor dimension is of decreasing 
order; and this parametcr determines the number of fac
tors to extract. 111e first factor dimension is accounted 
for by the largest variance. the second factor component 
with second largest and so on. The eigenvalue is a pro
portion of variation explained by linear combination of 
the attributes on the dimension. Factor loadings (a.) in 
factor structure matrix, relate the unobservahle fact~fs to 
the attributes. 

The significant attributes contributing to the linear 
factor models are indicated by the magnitude of the 
loadings. The greater the value of the loadings (a. > 
0.50) the more significance of the categorical attributes. 
Principal factor algorithm was used to extract factors 
and estimate parameters. To preserve the original 
uncorrelated orientation between factors, and to help 
uncover the distinct nature of the loadings, a varimax 
orthogonal factor rotation procedure was employed. 

Results and Discussion 

The results of data analysis (Table I a) show that only 
one factor dimension has eigenvalue greater than one 



(Ai> 1.0) i.e. factor I with eigenvalue of 2.68 accounts 
for 84% of the total factor variance. Table lb contains the 
loadings of the extracted factor models. This table indi
cates that factor 1 is moderately loaded (a i · > 0.50) on 
ripeness attributes of taste, peeling quality, fruit detach
ability, and texture, while having relatively low weights 
(aU ::;.0.50) .on cosmetic appearance, flesh cOl.our, aroma, 
and fruit sIZe and shape. The npeness attnbutes have 
significant influence on consumer's purchasing prefer
ence for the consumption of fresh banana. Similarly, the 
physical attributes of the fruit shape and size are loaded 
heavily (aU. ~ 0.80) on fa~tor 2 which, n~verth~less, 
accounted tor only 25% ot the vanance ot the tactor 
models. Factor I is a ripeness factor and factor 2 is 
characterising a physical factor. Figure I shows that 
factor I categorises the ripeness dimension with the 
attributes related to ripeness lying very close to the axis 
of the factor. Also, it shows that the physical attributes 
load very closely to factor 2. Thus, the ripeness attrib-

Table la. Eigenvalue and accounted for variance estimated 
by principal factor algorithm 

Factor Eigenvalue Accounted Cumulative % of 
for variance total variance 

I" 2.68" O.84a 0.84 
2 0.80 0.25 1.10 
3 0.30 0.09 1.19 
4 0.20 0.06 1.25 
5 - 0.08 -0.02 1.23 
6 - O. \3 -0.04 1.19 
7 -0.17 -0.05 1.13 
8 -0.19 - 0.06 1.07 
9 -0.22 -0.07 1.00 

a factor I is :-.ignificant with eigenvalue greater than I and accounted 
for variance more than HO%. 

Table lb. The loading of extracted factor dimensions on the 
rated importance of attributes influencing 
consumers purchasing decisions on banana 

Extracted factor and loadings (a i)" Attribute 

Factor I Factor 2 

0.54 -0.01 Taste 
0.54 0.18 Peeling quality 
0.53 0.35 Fruit detachability 
0.51 0.17 Texture 
0.50 0.34 Cosmetic appearance 
0.50 0.14 Flesh colour 
0.41 0.12 Aroma 
0.21 0.80 Fruit size 
0.14 0.80 Fruit shape 

a Loadings> 0.50; higher loading 0.51 < a < 0.79; heavy loadings> 

0.80. 
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utes significantly categorise the preference behaviour 
among the consumers, based on the cross-section sur
veyed. 

Factor 1 
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Legend 

A = Fruit shape 
B = Fruit size 
C = Cosmetic 

appearance 
D = Fruit 

detachibility 
E = Peeling quality 
F = Flesh colour 
G = Aroma 
H = Taste 
I = Texture 

Figure I. Plot or factor pattern for Factor I and Factor 2 

Conclusion 

~ 

The multivariate factor analysis on the cross-sectional 
data categorises that the banana quality attributes pre
ferred by consumers constitute ripe fruits, sweet taste, 
easily separable skin, easily detachable fingers, soft 
texture, and yellow skin colour. These attributes are 
significant among consumer preferences in purchasing 
bananas for fresh consumption, whereas physical attrib
utes have a weak influence on purchasing decisions. 
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Part 2 - Maturity Assessment 



Determination of Maturity Indices for Sri Lankan 
Embul Bananas 

R.S. Wilson Wijeratnam*, S. Jayatilake*, S.K. Hewagc*, L.R. Perera*, 
S. Parancrupasingham*, and C.N. Peiris-l 

BANANAS arc the most widely consumcd of all fruits 
grown in Sri Lanka. The Embul variety is one of the two 
predominant varieties grown for the domestic market. 
This variety is less susceptible to disease (Simlllonds 
1966) and is therefore more suitable to commercial pro
duction for specific export markets where a growing 
demand for speciality bananas has been observed. 

The traditional method of assessing maturity and time 
of harvest via the criterion of loss of angularity of fruits 
leads to heavy postharvest loss. Mature-green fruits arc 
firm and therefore better able to withstand the posthar
vest handling procedures required by comlllercial oper
ations. However. little information is available on fruit 
development in these thin-skinned varieties. 

Thus. this study was initiated to determine maturity 
indices. observe fruit development, and identify the 
most suitable stages of maturity at which Embul bananas 
may be harvested for domestic as well as overseas mar
kets. 

Correlation between age of fruit and physicochemical 
properties during fruit development has been estab
lished with selected commercial varieties such as Cav
endish. Fruits of thick-skinned varieties are harvested 
according to age via tagging procedures in many com
mercial plantations (Sommer and Arpaia 1992). 

Physicochemical observations from this study indi
cate that Embul variety bananas reached physiological 
maturity 9-10 weeks after the opening or flowers, while 
growth and development of fingers progressed over a 
13-week period. 111e response of fruits to storage at 
13.5°C was examined when harvested at the 9, 10, II, 
12. and 13-week stages of maturity. 

Materials and Methods 

Five sample bunches of Embul variety bananas were 
harvested at dilTerent stages of maturity rrom rive plan
tations at Embilipitiya, and transportcd to the PHTU 
laboratory, CISIR. Colombo. on the same day. Healthy 
bunches were selected for the trials, which were 

• Postharvcst Technology Unit. CISIR. P.O. Box 787. 
Colomho 7. Sri Lanka. 

; Crop Science Division. Faculty or Agriculture. Univcrsity of 
l'nadcniya. Peradeniya. Sri Lanka. 
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repeated three timcs over a period of two years. Maturity 
of bunches was determined by a method of tagging, 
which commenced with the emergence of the second 
ham!. The bunch was considered to be I-week-old at this 
stage (lluriston 19') I). 

Representative samples were harvested from each 
plantation over a period or 13 weeks. 'Ille second hand 
of each sample bunch was removed. Three fingers were 
used fmm the centre or each hand, to determine physic
ochemical properties. 

Firmness offruits with and without peel was measured 
using a Labsco electropenetrometer. Specific gravity of 
fruits was determined. The mean weight of the fruit and 
peel were obtained by computing the mean or 15 random 
observations at each stage of maturity, as were the mean 
curvature observations. i\ cruss-section of the central 
region or each sample fruit was drawn for observations 
on angularity, diameter, and shape of the fruit. 

A filtrate was prepared from each sample by crushing 
5 g pulp with 20 mL distilled water. and used to deter
mine total soluble solids, pH, titratable acidity, and 
starch content. 

Samples of fruits harvested at the 9.10, I 1,12, and 13-
week stages of maturity were selected for storage trials. 
Samples for the study were obtained from the second 
and third hands of six bunches for each stage of matur
ity. Bunches were dehanded and dipped in a I % alum 
solution for 20 minutes. Crowns of hands were treated 
with a solution of 10 ppm benomyl in water, and packed 
in ventilated cardboard cartons berore storage at 13.5°C 
for 21 days, followed by storage at ambient temperature 
for 6 days. Controls were held at ambient temperature 
for 6 days. Six replicates were used in each case. 

The physicochemical parameters mentioned earlier 
also included observations on colour and llavour devel
opment after low-temperature storage. 

Results and Discussion 

Physicochemical properties of Embul variety banana as 
observed during fruit development are summarised in 
Figure I. While fruit weight increased considerably 
between weeks 10 and II, fruit curvature, pulp-to-peel 
ratio, diameter, and starch content showed considerable 
increases between weeks 8 and II. 
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Figure 1. Observations on physicochemical properties of Embul bananas 

Observations from the storage trial are presented in 
Table I. Fruits subjected to low temperature storage 
were not observed to be different at the 5% level of sig
nificance with respect to flavour, although colour 
development was slower when compared with controls 
held at ambient temperature. The difference in total sol
uble solids, total acids, sugar content, total carbohydrate 
content, flavour, and colour development at the five 
stages of maturity was confirmcd v ia Duncan's Multiple 
Range Test at the I % level of significance, for both 
storage conditions. !\o difference was observed with 
respect to these parameters at harvest, as confirmed by 
an analysis of variance at the 5Gk level of significance. 

Results from this study suggest that physiological 
maturity of Embul variety banana occurs between the 9 
and II-week stages of maturity. Harvest for commercial 
operations may be recommended at the I I-week stage 
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for long-term, low-temperature storage, while fruits for 
air freight to export markets may be harvested at 12-13 
weeks. The latter stage of maturity would also be 
acceptable for most domestic markets. 
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Table 1. Ohservations on storage trial with Emhul variety harvested at different stages of maturity. 

At harvest After (, days at 28°C" ;\ ftn 21 days cold storage 
and (, days at 28°C" 

Stage of maturity (weeks) Stage of maturity (weeks) Stage of maturity (weeks) 
9 10 II 12 U 9 10 II 12 13 9 10 II 12 13 

Brix ('X) 2.45 2.50 2.50 2.(,0 3.(Xl 7.00c IV)b 15.0b 20.0a 20.0a ~.Oc 13J)h 18.0a 20.0a 22.0a 
pH 5.83 5.74 5.77 5.41 5.53 5.03 4.66 4.50 4.48 4.43 4.6 4.52 4.42 4.38 4 .. 13 
TA 1.90 2.10 2.20 2.60 2.80 4.60c 4.50c 4.80b 5.12h 5.8a 5.0h 5.12b 5.30a 5.32a 5.45a 
(m.e.q.%) 
Sugar 1.50 1.59 1.57 1.6J 2.04 6.llc IUb 14.0b 19.1a 19a 7.1 c 12.lh 17.1 a 19.1a 21.1 a 
(%F. W. basis) 
Carbohydrate 12.6 12.9 IJ.6 13.8 14.3 16.9b 16.4b 17.9b 21.6a 23.0a 16.8h 17.2b 18.4b 22.la 23.~a 

content 
('i< glucose) 
Flavour 5b 5b 8a 7a Sa 4b 5b Sa 7a Sa 
Colourh 2 2 2 2 2 5b 6b Sa 8a 8a 3c 4<., 5b 6b 7a 

a Each entry represents Illcan of 9 fru it:-.. 
b Ahdullah Ha~san and Pantastico. L.R.H. I ')'!(J 

Means having a coml11on ]etter(s) are not :-.ignificantly! different by DMRT I cle . 
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Development of Maturity Indices for Longan 

Onnop Wara-Aswapati*§, Daorucng Sroymano*, Sompoch Gomolmaneet, 
and Sanh La-Ongsri* 

LONGAN is a leading export item amongst fresh fruits of 
Thailand. The major growing area is Chiang Mai and 
Lumphun provinces in the north. Fruit development 
takes about 21 weeks from fruit set to maturity (Wara
Aswapati et al. 1987). Maturity indices are important 
criteria for deciding when to harvest and to ensure the 
attainment of acceptable eating quality in fruit. Without 
a legal maturity standard, immature fruits are being sold 
on the commercial market. The assurance of fruit quality 
through a maturity standard would help alleviate this 
problem. 

The first stage in the development of maturity indices 
is the evaluation of a wide range of physical and chemi
cal parameters, with selection being based on those 
parameters the literature suggests have potential. Those 
shown to have practical value as a maturity index need 
to be further tested, so that variability between seasons, 
regions, and cultivars can be understood (Underhill and 
Wong 1990). This paper aims to identify a potential 
maturity index for Thai longans and examines the vari
ability between different cultivars. 

Selected physical and chemical parameters of five 
longan cultivars growing in northern Thailand, namely 
Daw, Biew Kiew, Haew, Srichompoo and E-Dang, were 
related to eating quality. Fruit were sampled at least I 
week before the start of the normal commercial harvest 
for each cultivar. The sample, containing as wide a range 
of fruit maturity as possible, was graded into five cate-

gories, using fruit size as criterion. Each fruit was 
weighed, sliced longitudinally, then each half peeled. 
One half was rated for eating quality by a taste panel 
using the I to 9 hedonic scale (Peacock and Jobin 1985). 
The other half was crushed and the juice sample 
assessed for total soluble solids using a digital refrac
tometer and total titratable acidity by titrating against a 
standard 0.1 N NaOH solution using digital burette. The 
Brix: acid ratio value of the pulp was then calculated. 
The correlation between eating quality and other 
parameters was dctermined using a microcomputer 
analysis program. 

Table I shows the correlation matrix of selected 
parameters with eating quality (EQ) for Biew Keiw 
long an cultivar. Fruit size and weight, and flesh weight, 
showed a very high correlation to eating quality. Total 
soluble solids (% Brix) content of the flesh also showed 
a high correlation. while acidity and Brix: acid ratio 
gave lower correlations. Similar resuits were obtained 
for other cLLitivars (Table 2). Total soluble solids is rec
ommended as a maturity standard for longan. Although 
fruit size and weight have long been used as maturity 
indices for harvest by growers, high seasonal variability 
and differences in cultural practices reduced their use
fulness as maturity standards. 

A comparison or linear regression analysis of eating 
quality versus total soluble solids of each cultivar 
showed cultivar variability as diiTerences in slope and in 

Table I. Correlation matrix of eating quality (EQ) versus selected physical and chemical paramcters for Biew Kicw longan 

Fmit size Fmit weight Flesh weight Seed weight %Brix %Acids SA ratio 

Fmit weight 0.95535 
Flesh weight 0.94942 
Seed weight 0.63152 
% Brix 0.69099 
% acids - 0.35166 
SA ratio 0.56675 
Eating quality (EQ) 0.79154 

Critical value (1·lail. 0.05) ~ ± 0.(98)] 
Critical Value (2-tail, 0.05) ~ ± 0.1172) 
N~n() 

1.00000 
0.98954 1.00000 
0.66896 0.56996 
0.67143 0.69317 
O.3509~ -0.34674 
0.56425 0.56595 
0.77016 0.78890 

* Postharvest Technology Lahoratory. Biology Department, 
Chiang Mai University. Chiang Mai SOOO2. Thailand. 
Institute for Science and Technology Research and Develop
ment. Chiang Mai University. Chiang Mai SOOO2, 111ailand. 
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1.00000 
0.36643 1.00000 
0.21627 0.23040 1.00000 
0.34194 0.56396 -O.790n 1.00000 
0.43183 0.64661 - 0.28497 0.49119 

§ Present address: School of Biology, Institute of Science, 
Suranaree University of Technology, Nakomrachasima 
30000. 'fllailand. 



calculated total soluble solids at selected eating quality 
(Table 3). The decrease in overall correlation coefficient 
between eating quality and total soluble solids of all 
cultivars further emphasised the cultivar differences. As 
eating quality of longan was not based solely on total 
soluble solids, others factors such as flavour and texture 
were also involved. In setting a threshold or minimum 
value for maturity standard, cultivar differences must be 
taken into consideration. 

Table 2. Correlation coefficient of eating quality versus 
selected physical and chemical parameters for 5 
longan cultivars 

Cultivar Fruit wt. Fruit % Brix c/r, acids Brix:acid 
size ratio 

Daw 0.71X 0.7()2 0.590 - 0.107 0.324 
Biew Kicw 0.770 0.792 0.647 ·0.2S5 00491 
Hacw 0.814 0.827 0.6.'4 - 0.132 0.329 
Srichompoo 0.872 0.889 0.672 0.139 0.343 
E·Dang 0.762 0.771 0.730 -0.194 0.517 

Table 3. Linear regression analysis of eating quality versus 
total soluble solids (%Brix) of 5 longan cultivars 
tested. 

Cultivar Curve specification % Brix at selected 
eating quality value 

Intercept Slope 5 5.5 6 

Daw -2.554 00477 0.590 15.8 16.9 17.9 
Biew Kiew -8.088 0.642 0.647 20.4 21.2 21.9 
Haew -8.029 0.694 0.634 18.8 19.5 20.2 
Srichompoo -8.914 0.760 0.672 UU 19.0 19.6 
E·Dang -5.931 0.505 0.730 21.6 22.6 23.6 
All cultivars -2.336 00411 0.506 17.8 19.1 20.3 
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Maturation and Harvesting Criteria for Avocado 

Amos Blumenfeld* 

Ahstract 

The avocado fruit does not ripen on the tree. The fruit develops and accumulates oil and other compounds until 
harvested, or until it drops mechanically. There are no external signs of maturity which can serve as a guide for 
harvest. 

A correlation exists between taste and oil content, and hetween oil content and dry matter (DM). We can 
therefore estimate maturity hy using dry matter measurements. Softening of fruits, another maturity-dependent 
characteristic of fruit rilx'ning. can be measured only directly. 

Under tropical conditions there may be several waves of fruit setting, which results in mature and immature 
fruits being pre,cnt together at harvesting time. Relationships between taste and dry matter or oil content serve to 
establish the minimal OM for deciding horticultural maturity of each cultivar. Rate of OM accumulation serves 
for prediction of the beginning of harvest. Criteria for harvest and considerations involved in deciding when to 
harvest will be discussed. 

* Department of Fruit Trees, Agricultural Research Organisa
tion, The Volcani Center, Bet Dagan 50250, Israel. 
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Part 3 - Disinfestation and Primary Processing 



Postharvest I-Iandling and Quarantine of Tropical Fruit 
in the Jiangmen Region of Guangdong, China 

Chen Bing Quan* and Guan Lianghuat 

THE Jiangmen region of southern China lies between 
I 11° 15' and 113°S()'E and 21 ° to 22°S0'N. It has four 
cities and two counties. and an area of 94(Xl km2. The 
population is 3 million. There arc two main rivers. 
which now into the South China Sea. 'Ihe average 
annual temperature is 22°(', and average annual rainfall 
I SO()-220() mm. 

Jiangmen's agricultural economy has been develop" 
ing steadily over the past 15 ycars. Tropic,!! fruits such 
as bananas, longans, Iych ,es. pincapples, oranges, and 
watermelons arc grown, and a production, handling, 
processing, and quarantine system has developeci for 
supplying those commodities to adjacent Hong Kong 
and other markets. Recently, with rapid development of 
the Pearl Ri vcr delta area, production of tropical fruits in 
Jiangmen is increasing and higher quality fruit is being 
supplied to the international market. There is. neverthe
less. a need for further research on pest and quality con
trol in tropical fruit. 

Outline of Tropical Fruits in the 
Jiangmen Region 

The main fruits grown in the Jiangmen region, and 
their production levels in 1992, are as follows; oranges. 
165500 t; bananas, 47400 t; lychees. 62()0 t; longans. 
1001 t; pineapples, 3200 t; and mangoes, 4741. 
Oranges and bananas are the staples. and yields of 
these and the other main fruits have increased mark
edly over the past 5 years. Yields uf oranges. for 
example. have increased from 5.7 to 13.4 t/ha. and of 
bananas from 12.2 to 16 t/ha. 

The main varieties of bananas grown are shown in 
Table I. These varieties have been selected and bred to 
develop strains with good characteristics such as neat 
fingers and consistency of comb size. 

NO.4 Taiwan Agr. Boli pineapple (Anunus comosus 
var. TA41, a variety with very good quality, pest resis
tance. gcnetic stability, and other characteristics. was 
put onto the domestic market after breeding tests by 
Jiangmen Forestry Scientific Institute. There have been 

*' Jiangmen Animal and Plant Quarantine Service. Jiangrnen 
City 52905 t. (juangdong. China. 

.;. Tianjin Animal and Plant Quarantine Service. Tianjin 
300456. China. 
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no exports of this product as yet, but interest in this type 
of pineapple has been shown in Japan and America. 

The varieties of oranges. Iychees. and longans grown 
are nearly all native. 

Tahle I. Banana varictics produced in the Jiangmcn region. 
and their provenance 

Variety 

Williams 
B7 
Bll 
B9 
Tidy eychrow 
Dun mine 
B75 
H76 
Ht7 
Aromatic Hills 
6-31 
7-41 

Provenanee 

Australia 
Mexico 
Tai\van prov ince 
Thaitand 
Native to Ciuangdong 
Native to Guangdong 
Kcnya 
Tanzania 
Philippines 
Native to Jiangmefl 
Native to Jianglllell 
Native to Jiangnlen 

Processing and Storing 

Jiangmen Jiangxing Fresh Fruit & Vegetable Company, 
established in 19R9. has production. research. process
ing, and trading functions. Some lIS$:l.2ll million have 
been invested by the company. US$I.9 million on 
facilities from Japan and The Netherlands. Produce of 
the company is sold to Japan. USA, Canada, U.K., 
Sweden, The Netherlands. and Australia. The company 
occupies IS 000 m 2; 5000 m 2, processing factory; 13(X) 
m 2 cold storage of 500 t capacity; and 1600 m 2 -28°C 
freezer storage of 1000 t capacity. The company pro
duces 30 t of frozen Iychee per day. Some 500 t of 
frozen Iychee were exported to Japan during 1992. 

Jiangfeng Food Company Limited is a similar enter
prise. It has -18°C frecl.er storage and supplies products 
to both domestic and international markets. 

Plant Quarantine 

Plant quarantine work in China consists of domestic 
plant quarantine and import and export quarantine. 
Jiangmen City Plant Quarantine Station administers 
domestic plant quarantine in the Jiangmen region. All 



banana plants originate in a 'Banana Test-tube Plantlet 
Factory', where there is maternal plant selection and 
quarantine before the plants are sent out of the nursery. 
The targets of quarantine procedures are cucumber 
mosaic virus and Fusarium ornporum f. sp. cubense. 

The factory must be located in an area free from those 
targets. Maternal plant selection is made by Jiangmen 
City Plant Quarantine Station. After breeding 200 plants 
from a maternal plant's buds, samples arc taken by the 
Station for biochemical and serologicallesting. A plant
ing test must be carried out for 3 months to observe the 
symptoms of over 100 plants. 

The nursery for the germplasm of the maternal plant 
is located in the mountains where there is no disease. All 
planting materials entering the nursery arc inspected for 
disease, and diseased plants excluded. The factory and 
station inspect the germplasm of the maternal plants 
regularly. If a diseased plant is found, it is destroyed. A 
certifieate is issued certifying that qualified test-tube 
plants arc used. 

The Xinhui Base for Experiment and Development of 
Test-tube Fruit Plantlets is a collaborative effort of the 
South China Institute of Botany, Academia Siniea. and 
Xinhui Institute of Plant Genetics and Breeding to 
advance the science and technology of plant let produc
tion. It was established in 19R6 and has expanded con
tinuously. The factory has fnur workshops for plantlet 
production with a tntal area of 5600 m2, eight screen 
houses, and three glasshouses of total area I ROO m 2• The 
factory can produce 25 million certified banana plantlets 
per year. 

Jiangmen Animal and Plant Quarantine Service of the 
People's Republic of China and its five branches 
administer import and export plant quarantine in the 
region. The Service examines fruit presented for export 
to ensure that it mcets the plant quarantine requirements 

of the importing country or region and contract terms. 
As regards imported fruits, the main targets of quaran
tine inspection arc the following insect pests: Ceratitis 
capita, Dacus spp., Tetradacus tsuneonis, Anastrcpha 
j/"atercullus. A. ludens. A. obliqua. A. suspensa. Sterno
chetusfrigidus. S. magi{erae, S. olil·ieri. 
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To exclude the Mediterranean fruit tly from China, all 
solanaceous fruit and vegetables from regions where 
this insect occurs arc excluded entry, including those 
carried by incoming travellers. This regulation has been 
in force since 19R I. 

Review and the Future 

Tropical fruit production in the Jiangmen region is 
developing rapidly. 111ere are problems with postharvest 
handling, howcver. Cold and frcezer storage are more 
suited to vegetables than to tropical fruits. Other storage 
techniques for fruit are needed. 

Infection by Macrophoma musac disease does not 
damage the cdible part of bananas and docs in fact 
improve the flavour. Unfortunately, however, the 
black-mottled symptoms on the banana pericarp render 
the fruit unattractive. Jiangmen will continue to research 
and develop resistant strains of banana in an effort to 
overcome this problem. 

Collaborative programs with regional and interna
tional agencies would yield mutual benefits. 
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Effects of Gamma Irradiation and Hot-Water Treatment on 
the Shelf Life and Quality of Thai Mango cv. Rad 

Ishwari P. Upadhyay, Athapol Noomhorm, and Sarath G.llangantileke* 

MANGO is the third most important commercial fruit 
crop of Thailand. Like many other tropical fruits, man
goes are highly perishable mainly due to high tempera
tures and humidities prevailing in the tropics. The short 
postharvest life is the result of ripening and physiologi
cal breakdown during handling, transportation, and 
storage, which is further aggravated by damage from 
insect infestation and postharvest diseases. 

A major factor limiting the intemational market of 
horticultural crops is poor quality. The domestic or 
export markets require a constant and predictable supply 
of established high quality produce. Due to the specific 
quality requirements, especially for export of perishable 
produce, it may be necessary to apply specific treat
ments. 

Exposure of fresh fruits and vegetables to ionising 
radiation has been seen as a means of achieving insect 
disinfestation, postharvest disease control, and shelf life 
extension by delaying ripening and senescence. Recent 
research on food irradiation has focused on achieving 
disinfestation against fruit fly, the mango seed weevil, 
and the control of postharvest diseases such as anthrac
nose and stem-end rot with low doses (0.075-0.75 kGy) 
in combination with hot water and other chemicals, rec
ognising the phytotoxic effects of irradiation at higher 
doses and strict plant quarantine regulation of many 
exporting countries. More recent South African studies 
claimed synergism between low dose irradiation (0.7 
kGy) and hot-water dipping in the control of mango 
diseases, and suggested irradiation as an alternative to 
conventional postharvest fungicidal treatments. 

Responses of mangoes to similar doses of irradiation 
vary between cultivars and physiological status such as 
stages of ripeness and maturity of the fruit at the time of 
treatment. This is evident in mangoes from different 
regions such as Australia, Mexico, the Philippines, and 
Thailand. Although literature is available on irradiation 
of Thai mango, so far no report has appeared on the 
effect of irradiation treatment on the shelf life of cv. 
Rad, one of the leading local and export cultivars of 
Thailand. This study was conducted to evaluate the 
effect of irradiation in combination with hot-water 
treatment on the shelf life and quality attributes of 
mango cv. Rad. 

* Agriculture and Food Engineering Program, Asian Institute 
of Technology, GPO Box 2754, Bangkok 10501, Thailand. 

Methods 

Preclimacteric mature-green mangoes cv. Rad, each 
fruit weighing 240-250 g, were obtained from Rai 
Prapat & Sons Co., Ltd, Chiang Mai, Thailand. Fruit 
were placed in individual foam nets and packed in 4 kg 
paperboard cartons. Mango cartons were air freighted to 
Bangkok and transported by road to the Thai Irradiation 
Center. Selected fruits were randomly divided into two 
lots. One lot was treated with hot water at 55°C for 5 
min. Each lot was further subdivided into 4 lots for 4 
different irradiation doses (0, 0.3, 0.6, and I kGy). 

Heat treatments were applied using a 100 L capacity 
experimental dipping tank (60 x 50 x 80 cm) equipped 
with a RKC PF4 temperature controller and two 2.5 kW 
immersion heating elements and a O. 37 kW pump to 
maintain turbulence of the dip preparation. After hot
water treatment, fruit were kept in foam net and packed 
in cartons (50 x 30 x 9 cm), 12 fruits per carton and 
approximately 3.5 kg per carton. They were irradiated at 
the Thai Irradiation Center in a Carrier Type Gamma 
Irradiator Model JS-8900 designed by Nordion Interna
tional Incorporation, Canada. The product was irradi
ated to minimum dosages of 0.3, 0.6, and I kGy in a 
batch mode (9 carriers/run). 

Physical and chemical analyses were done twice a 
week. Thirty-six fruit from each treatment were evalu
ated for change in skin colour from green to yellow. 
Fruits were scored on a numerical scale of 1-4 where I 
corresponded to a totally green skin; 2, more green than 
yellow; 3, more yellow than green; and 4, full ripe. 
Similarly, 36 fruit from each treatment were assessed for 
rotting. Fruit surfaces with black spot, lesions, bruising, 
lenticel damage, affected by diseases, insects, or any 
other blemishes were scored as rotten fruits. A fruit was 
considered rotten when more than 5% of its surface area 
had decayed. 
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Weight loss of each replicated samples was recorded. 
Six mango samples were selected randomly and fruit 
firmness was measured with a Instron Universal Testing 
Machine Model 1140 fitted with an 11.1 mm spherical 
probe, with the probe driven at 100 mm/min. Maximum 
force in Newtons required to rupture fruit was taken as 
a measure of firmness. Quantitative measurements of 
skin colour development and internal pulp colour 
development were made using a Hunter Colour Differ
ence Meter Model TC P III (Tokyo Denshoku Co. Ltd) 



which was standardised against a white plate. Two 
readings per fruit were taken at the centre of each cheek 
by placing the samples on the top of the 20 mm diameter 
optical unit. Internal colour was measured by placing the 
beaker containing blended pulp on the top of the optical 
unit. 

For chemical analyses, fruit used for the firmness test 
were peeled and mango pulp removed. Mango pulp was 
blended to a smooth homogenate pulp using a blender. 
Total soluble solid content (Brix) was determined by 
Abbe Refractometer. The pH of pulp was determined by 
a Suntex Digital pH meter. Titratable acidity was meas-

ured by titrating 20 mL filtrate against standard 0.1 N 
sodium hydroxide solution in the presence of phenolph
thalein indicator to a faint pink end point, and acidity 
was calculated as percent anhydrous citric acid. Ascor
bic acid was determined before and after 30 days of 
storage by the 2,6 Dichlorophenol Indophenol Visual 
Titration Method. Sensory evaluation of whole mangoes 
and mango pulp was done using a hedonic rating test by 
a panel of 10 persons on the 21 st and 30th days of stor
age. Data from each parameter were analysed by two
way analysis of variance (Anova) at 5% significance 
level to test significance differences among treatments 

Table l. Effect of irradiation and hot-water treatment on weight loss. firmness, total soluble solids (TSS), pH. titratable acidity 
(TAl. ascorbic acid (AA) and sensory score of mango cv. Rad before and after 30 days of storage at 15°C and 85% 
relative humidity 

Treatment Dose Weight Firmness TSS pH TA AA Sensory 
(kGy) loss (%) (N) ('7<: ) (%) (mg/lOO mg) scorea 

Before 
NHD 0.0 0.0 238.la 12.8a 3Aa 1.4a 30.2a 
HD 0.0 0.0 236.2a 12.7a 3Aa 1.3 a 29.6a 
After 
NHD 0.0 7.7c 18.6d 18.7a 5Aa O.I4dc 20Aab 7.1ab 

0.3 8.8be 25.5cd 18.2a 4.5bc 0.21e 14.3abc 8.2a 
0.6 9.7ab 38.2alx: 19.5a 4.3bc 0.33a 12.3c 6.lb 
1.0 9.1 abc 4O.2ab 18.8a 4.\c 0.32a 13.8be 3.8c 

HD 0.0 8.Sbc 19.6d 18.0a 5.la 0.12c 20.9a 8Aa 
(55°C for 0.3 9.6ab 29Abcd 19.0a 4.5a 0.18cd IS.5abe 6Ab 
5 min) 0.6 9.9ab 4O.2ab 17.8a 4.3bc 0.26b 15.9abc 7.1ab 

1.0 10.7a 49.0a 19.3a 4.2bc 0.36a 14.2abc 6.2b 

Notes: 
Means within the same column and storage period followed hy a common letter arc not significantly different at p < 0.05 hy DMRT. 
NHD ~ no hOI dip; HD ~ hot dip 
a EXlrcmcly like = 9; exlremly dislike ~ I 

Table 2. External and internal (Hunter L. a, and b) colour values as affected by irradiation and hot-water combination treatment 
before and after 30 days of irradiation stored at 15°C and 89% relative humidity 

Treatment Dosc External colour Internal colour 
(kGy) 

f- a b L a b 

Bejilre 
NHD 0.0 49.5a -11.7a 20.0a na na na 
HD 0.0 46Aa -I 1.3 a 19.6b na na na 
Ajier 
NHD 0.0 61.6a 1O.26a 33.5a 68.2a 9.S4cd 37.5a 

0.3 61.8a -4.0bc 31.6a 65.3a 12.0bc 36.2ab 
0.6 56.2bc -O.2d 28.7b 60.25a 13Aab 30.8b 
1.0 56.0bc -O.4d 26Abc 47.Sb 13.8ah 24.5c 

HD 0.0 63.2a 7.2ah 32.8a 69.2a 10.2ed 3S.8a 
0.3 57.lb 5.6b 28.2b 64.9a 10.lcd 36.6ab 
0.6 56.3bc 1.2ed 27.4c 47.8b S.6d 37.3a 
1.0 53.2a 1.6d 25.8c 48Ab 15Aa 23.9c 

Notes: 
Means within the same column and storage period followed by a common leiter are nol significantly different al p < 0.05 by DMRT. 
NHD ~ no hoI dip; HD = hot dip: na ~ not available. 
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Figure I. Effect of irradiation on ripening. assessed visually 
as percentage of fruit which had 75% or greater 
yellow skin colour. 
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Figure 3. Effect of irradiation on rotting. assessed visually as 
percentage of fruit which had more than 5% of 
their surface area rotted. 
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ripening. assessed visually as percentage of fruit 
which had 75% or greater yellow skin colour. 
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using Statgraph 5. D'vIRT was used at 5% level for 
comparison of means. 

Results 

This experiment showed that irradiation significantly 
reduced rotting, delayed colour development. preserved 
quality, and extended shelf life of mangoes cv. Rad 
(Tables I and 2; Figs 1-4). Irradiation injury increased 
with increasing dose and storage period. Mango samples 
hot dipped followed by irradiation at 0.3, 0.6, and I.n 
kGy, cxtendcd the shelf life by R. 12. and 18 days, 
respectively, as compared with a hot dip control, while 
samples irradiated at doses 0.3. 0.6, and I kGy extended 
the shelf life by 4, 7. and 14 days respectively, as com-
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pared with the controls. Percentagc weight loss was high 
for hot-water treated irradiated mangoes, and increased 
with increasing dosc. Fruit were finner, soluble solids, 
pH, and vitamin C were lower, and titratable acidity was 
higher for treated than for untreated samples. Sensory 
evaluation showed no significant differences in quality 
attributes between treated and untreated samples up to 
0.6 kGy. In terms of shelf life and quality, a hot-water 
treatment followed by irradiation at 0.3 kGy was found 
to be the best combination treatment. At this treatment, 
total shelf life was 38 days with 28% rotting with no 
irradiation injury to pulp. Results indicated that ionising 
radiation combined with hot-water treatment not only 
reduced the storage decay but also extended the shelf 
life. 



Effect of Irradiation and Storage Temperature on the Shelf 
Life and Quality of Thai Lychee 

Sarath G. Ilangantileke, Athapol Noomhorm, Ishwari P. Upadhyay, 
and M. Srinivas Rao* 

THE maintenance of market quality of fresh Iychee is a 
major problem when the fruit is transported long dis
tances. The red skin colour is lost and diseases develop. 
This is evident in Thailand where fruits are predomi
nantly grown in the far north and south of the country, 
and transported daily to Bangkok by truck or air. The 
occurrence of browning may render the fruit unsaleable. 

The shelf life of Iychee is 3 days or less at room tem
perature if left unpacked. Numerous techniques to 
increase shelf life have been investigated, including 
packing in polyethylene and polyvinylchloride bags, 
refrigerated storage, wax coating, hot benomyl, acid 
treatment, S02 fumigation, and storage in a CO2 envi
ronment. Irradiation after harvest has been tried, but at 
present little literature is available on the effects of irra
diation on the shelf life of Iychee varieties grown in 
Thailand. An experiment was conducted to study the 
combined effect of irradiation and low storage tempera
tures on the shelf life of Thai Iychee. 

The experiment involved one irradiation dose and one 
control (I, 0 kGy), two storage temperatures (5°C and 
IO°C) and 3 replicates in a 2 x 2 factorial with a com
pletely randomisecl design. Lychees were obtained from 
a commercial fruit market in Bangkok. Selected samples 
were packed in 29.5 x 10.5 x 19.5 em cartons. Each 
carton weighed approximately 2 kg. 

Lychee samples were irradiated to I kGy minimum 
dose in a static mode at the Thai Irradiation Center (TIC) 
in a carrier type gamma irradiator model JS-8900 
designed by Nordion International Inc. using a gamma 
source from cobalt-60. The source strength was 277 125 
curie at the time of the experiment. After irradiation, 
samples were stored in a cold room at one or other of two 
temperatures. Temperature and humidity data were 
measured daily by dry- and wet-bulb thermometers and 
ordinary alcohol-filled thermometers. 

Analyses were clone at 4-day intervals for 16 days. 
Two fruit from each carton were randomly selected, 
peeled, and the seeds removed. Fruit llesh was blended 
to a smooth pulp using a blender and the pulp was used 
for chemical analyses. 

One carton from each replicate was assessed for per
cent age rotting. Hunter L, a, and b values were deter-

* Agriculture and Food Engineering Program, Asian Institute 
of Technology, GPO Box 2754, Bangkok 1050 I. Thailand. 
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mined using a Color and Color Difference Meter Model 
TC P-IlI (Tokyo Denshoku Co., Ltd) which was stan
dardised against a white plate (L 90.34, a 0.29, and b 
3.26). 

One fruit was randomly selected from each carton for 
determination of external colour. Individual whole fruits 
were coded and the same fruit were analysed in the apex 
position throughout the study. Internal colour was 
measured by placing the beaker containing blended pulp 
on the top of the optical unit and Hunter L, a, and b 
values were recorded. 

Total soluble solids (TSS) content was determined by 
placing one drop of the juice on the prism of an Abbe 
refractometer and readings were recorded as °Brix 
(AOAC 1984). Pulp pH was measured by Suntex Digital 
pH meter Model Sp-5. Titratable acidity was determined 
by titrating against standard 0.1 N sodium hydroxide in 
the presence of a phenolphthalein indicator to a faint 
pink end point and calculated as percent anhydrous citric 
acid. 

Two-way analysis of variance (Anova) was employed 
to test significance differences among treatment means 
using Statgraph 4 (1988). All significance testing was 
done at p S; 0.05. Least significant differences (LSD) 
were calculated for comparison of treatment means. 

The Hunter L. (I, and b values continually decreased 
with storage period in all treatments. Samples stored at 
5°C, both irradiated and control, showed higher a values 
than samples stored at 10°C, indicating that irradiation 
combincd with low storage temperature maintained the 
red colour of Iychee. The saturation index (SI), which 
indicated the relative amount of colour remaining in the 
fruit, decreased with storage time. Hue, as representcd 
by hue angle, increased. This corresponds to a visible 
image changing to a darker yellow upon storage (Table 
I). 

Internal colour of pulp was not significantly affected 
by irradiation and storage tcmperature. During storage, 
Hunter Land b valucs increased whereas a values 
decreased with storage time. However, the changes in L, 
a, and b values were not significant and Iychee llesh 
colour remained white during storage. 

TSS and pH content increased, whereas titratable 
acidity (TA) decreased continually over storage period. 
However, irradiation and storage temperature had no 
significant effect on pH, TSS, and T A content of stored 



lychee. The increase in pH and TSS, and decrease in T A, storage temperature had significant effects on rotting of 
were consistent across storage days and may be attrib- lychee. Irradiation followed by storage at 5°C reduced 
uted to natural storage effects (Table 2). Irradiation and rotting significantly (Fig. I). 

Table l. Effect of irradiation and storage temperature on external colour (Hunter L, G, and b) of Iychee 

Storage Dose Storage External colour 
(days) (kGy) temperature 

(0C) L a b SI Hue angle 

0 Mean 30.31 19.56 9.79 21.88 26.S9 

4 0 S 29.8Sa* 22.98a 9.S6a 24.90 17.76 
0 IO 30.02a 16.44h 10.04a 19.26 28.72 
I S 30.00a 21.73a IO.14a 23.98 2S.00 
I IO 30.17a 18.33b 8.83a 20.34 2S.72 

8 0 S 27.24 16.64a 8.28a 18.58 24.47 
0 IO 27.84a 12.90h 8.97a IS.72 34.81 
I S 28.40a 14.59a 9.46a 17.39 32.9S 
I IO 26.96a 12.23b 8.ISa 14.70 33.70 

12 0 S 28.Sla IS.35a 8.22ab 17.41 28.17 
0 10 27.68a 8.59b 7.44b 11.36 40.90 
I S 27.98a 13.44a 8.60a IS.96 32.63 
I IO 27.32a 11.4lab 7.84ab 13.84 34.S0 

16 0 5 28.Sla IS.3Sa 8.22ab 17.42 28.18 
0 IO 27.68a 8.60b 7.44b 11.38 40.94 

S 27.98a 13.44a 8.61a 15.96 32.63 
IO 27.32a 11.27ah 7.84ab 13.72 34.77 

* Means with the same column and storage period followed by a common letter are not significantly different at P < 0.05 by LSD. 
Saturation index (SI) ~ (a2 + h2/1.5. hue angle ~ lan- i (hla). 

Table 2. Effect of irradiation and storage temperature on total soluble solids (TSS), pH, and titratable acidity (TAl of Iychee 

Storage Dose Storage TSS TA pH 
(days) (kGy) temperature 

ee) (%) (%) 

0 Mean 14.1 0.29 S.2 

4 0 S 14.7a* 0.20a S.7a 
0 10 14.2a O.19a 6.0a 
I S 14.Sa O.29a 6.la 
I 10 14.3a O.26a S.4a 

8 0 S 14.Sa O.ISa 6.la 
0 IO 14.2a 0.22a 6.2a 
I S 14.7a 0.29a 6.la 

10 14.Sa O.ISa 5.4a 

12 0 S IS.7a 0.08a 6.la 
0 10 IS.8a O.IOa 6.la 
I S 14.8a O. lOa 6.3a 

10 IS.la 0.09a 5.7a 

16 0 S IS.8a 0.05a 6.4a 
0 IO 15.7a O.07a 6.6a 
I 5 15.2a 0.06a 6.3a 
I 10 IS.Sa 0.08a 6.3a 

* Means within the same column and storage period followed by a common letter arc not significantly different at p < 0.05 by LSD. 
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Irradiation of Iychee at I kGy followed by storage at 
SoC gave encouraging results in extending the shelf life 
by reducing the incidence of decay and loss of red shell 
colour. Development of browning and loss of red colour 
were lower both in irradiated and control samples at 
soc. Internal colour was not affected and irradiation did 
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not show any adverse affect on soluble solids, pH, and 
acidity. The present study has demonstrated that irradi
ation up to I kGy dose, in combination with low tem
perature storage (SOC) may be used to extend storage life 
and to maintain the market quality by reducing loss of 
red shell colour and retarding decay of Iychee. 
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Figure 1. Effect of irradiation and storage temperature on 
rotting of lychees 
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Insect Quarantine Treatments and Fruit Ripening 

Robert E. Paull* and John W. Armstrongt 

POSTHARVEST treatments are required to disinfest fresh 
fruits, vegetables, nuts, dried fruits and vegetables, 
flowers, and ornamentals of economically important 
quarantined insects (Table I). These insect pests are of 
quarantine importance because they are absent from the 
importing country (e.g., various tephritid fruit flies, 
codling moth, and mango seed weevil), or the importing 
country has a 'zero tolerance' for all live insects whether 
or not they are economically important. Failure to con
trol the spread of insect pests can result in expensive 
quarantine and eradication procedures (Carey 1991), 
product losses due to infestation, and costly new qua
rantine treatment requirements (Dowell 1983). 

Current research efforts are directed to the use of 
physical disinfestation treatments, such as heat or cold, 
that may be more costly and difficult to apply than 
chemical treatments such as fumigants. Furthermore, 
many commercially important commodities attacked by 
quarantined pests have no approved disinfestation treat
ments. 

Insects - the Problem 

The reproduction rate, short life cycle, and adaptability 
of pest insects, as well as their destructive potential, 
underscore the need for quarantine treatments and bar
riers. The time required for life cycle completion differs 
with environmental factors and species e.g., oriental 
fruit flies produce 3-18 generations per year (Vargas et 
al. 1984) depending on temperature. The damage caused 
by insects includes small surface blemishes, destruction 
of the edible flesh, fruit drop, seed destruction, and 
spoilage from decay organisms entering the fruit aided 
by insect activity. 

Both fruit, cultivar, and stage of ripeness can signifi
cantly influence host status (Greany 1989). Green fruit 
are not frequently hosts under normal conditions. 
Mature-green 'Brazilian,' 'Valery', and 'Williams' 
bananas and 'Sharwil' avocados are not infested by fruit 
flies (Armstrong 1991), although hosts when ripe; and 

* Department of Plant Molecular Physiology, College of 
Tropical Agriculture and Human Resources, University of 
Hawaii, 3190 Maile Way. Honolulu, HI 96822, USA. 

t United States Department of Agriculture - Agricultural 
Research Service, Tropical Fruit & Vegetable Research 
Laboratory, r.o. Box 4459. Hilo. HI 96720, USA. 
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papaya with less than 25% yellow are not preferred fruit 
fly hosts (Couey and Hayes 1986). Pineapples with 50 
percent or more 'Smooth Cayenne' parentage are not 
fruit fly hosts (Armstrong and Vargas 1982). 

Horticultural Effects of Control Measures 

Heat 

Hot-water immersion, vapour-heat and forced hot-air 
treatments have been the methods of choice against 
insects (Couey, 1989). Heat treatments have the merit of 
effective fungicidal and insecticidal action, ease of 
application, and leave no chemical residues. The disad
vantages are the potential for fruit damage, that must be 
researched on a commodity-by-commodity basis, and a 
relatively higher cost of application compared with 
fumigation. Insect responses to heat treatment and ther
mal death relationships have been developed for some 
insects of quarantine importance (lang, 1991). Mortality 
due to heat is dependent upon oxygen availability, pH, 
previous temperatures, general energy status of the 
insects, and insect age and stage (Moss and Jang 1991). 
Hot-water immersion treatments were developed to dis
infest Mediterranean fruit fly from bananas, papayas, 
guavas, and mangoes. Vapour-heat treatments have 
been developed for bell pepper, Chinese peas, cucum
ber, eggplant, green beans, lima beans, lychee, mango, 
papaya, tomato, grapefruit, and yellow wax beans. A 
high-temperature (or hot) forced-air quarantine treat
ment to disinfest Mediterranean fruit fly, melon fly, and 
oriental fruit fly from papaya has been developed 
recently. 

Papaya fruit with low mesocarp caleium are more 
sensitive to heat treatments. Preharvest weather in the 
day before and the mean of 4 days before is not signifi
cantly correlated with fruit sensitivity (Table 2). How
ever, the mean of the rainfall, evaporation, minimum 
and maximum temperature in the 3 days before harvest 
significantly correlated to fruit heat sensitivity. TIle 3-
day mean of the minimum temperature had the greatest 
relationship to fruit heat sensitivity. 

Heat injury is characterised by a failure to develop 
normal pigmentation, abnormal softening (Fig. I) and 
by a marked decline in ethylene production. Respiration 
rate and ethylene synthesis are affected by exposure to 
high temperatures (Paull and Chen 1990) (Fig. 2). 



Table 1. Currently approved and possible postharvest insect control treatments for fruits, vegetables, and flowers. This lists the usefulness of various potential quarantine procedures for horticultural 
commodities. It does not indicate their effectiveness against specific insect pests. This table was an outcome of U.S. Dept. of Agriculture Research Service and Western Land Grant College regional 
project and was assembled by Dr G. Mitchell. University of California, Davis (used with permission). 

Commodity Fumigation Cold treatments Heat treatments Modified Radiation Other procedures. treatments, 
atmospheres or combinations of treatments 

Methyl bromide Phosphine Other fumigants 

I. Fresh fruits 
Pome Fruit Apple T 0 T X X X Certification (infestation level and 

handling system) 
Pear T 0 T X X 

Stone fruit Apricot T 0 T X T Cold& MB 
Cherry T 0 T X T Cold & MB 

X Certification (infestation level and handling 
system) 

Nectarine T 0 T X T Cold & MB 
Peach T 0 T X T Cold& MB 
Plum T 0 T X T Cold & MB 

Soft fruits Strawberry T 0 0 X 
Bush berries X 
Grapes T T T Cold & MB 

Kiwifruit T 
Persimmon T 
Pomegranate T 
Fig. fresh X 
Date T T T T X 
Avocado 0 X 0 T Cold & MB 

"" 
X Certification (,Sharwil') 

Ul Citrus fruits T(HCN) X 
0\ Grapefruit X X T X X Conditioning before cold treatment 

Lemon/lime T x/a 
Mandarin/tangelo T X 
Orange T T X 

Banana Cavendish 0 0 0 X X Certification 
Brazilian 

Lychee 0 X X 
Papaya X 0 X T X T Picking maturity + hot water + cooling 
Mango x/a 0 X X 
Cherimoya 0 
Carambola T 0 

II. Fresh vegetables 
Tomato/pepper/eggplant T/O 0 T(YH) T/X Dimethoate dip 
Melons/cucumber T/O T(YH) 

III. Dried fruit and vegetables 
(Raisins. prunes. etc.) T T X X X X 

IY, Tree nuts 
Almond T T X X T X 
Filbert X X 
Macadamia X X 
Pecan X X 
Pistachio X X X 
Walnut T T X X T X 

Y. Flowers T X (HCN) X X 0 

T - Treatment reg.istered for usc against certain pests: X - Possible treatment: 0"" Host intolerance expected based on past tests or observations. Blanks indicate no information available. HeN - hydrogen cyanide. YH - vapour heat. 



Table 2. Forward stepwise regression at the most significant step, giving the parameter estimate and probability of F for each 
significant variahle at 0.15 level of significance for entry into the model. No significant relationship was found with solar 
radiation. Variahles up to cube factor were tested. 

Variable Preharvest period 

Calcium 
Calcium square 
Rain 
Evaporation 
Evaporation cube 
Low temperature 
Low temp. square 
Low temp. cube 
High temp. square 
High temp. cube 

Intercept 
Model probability 
R2 

(a) 

/ 
/ .' 

10 

/ 

20 

I day 
Parameter Prohability 

0.00158 

16.0664 

50'9·· • 

30 
Minutes exposed 

40 

0.0688 

0.0031 
O.06R8 
0.1922 

50 

3-day mean 
Parameter Probability 

-2.9260 
0.022166 

-34.310197 
0.195903 

-0.000007 
-662.365 
36.57732 
-0.66815 
-0.78734 
0.020197 

4253.28966 

60 

225 

200 

175 

~150 

~125 
~ 
(!l100 
113 

~ 75 

50 

25 

0.0054 
0.0036 
0.0187 
0.0011 
(l.()(X)2 
0.0766 
0'()567 
0.0416 
0.0024 
0.0016 

0.0799 
0.0()(1l 
0.9737 
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Figure 1. Effect of immersing of papaya fruit for different lengths of time in hot water at different temperatures on (a) the 
development of skin scald (0 ~ no scald. 5 ~ 100% scald) and (b) flesh penetration force (after Paull 1990c) 

A rapid loss (75%) of ethylene fomling enzyme 
(EFE) occurs in papaya and other fruits exposed for 
short periods to temperatures greater than 40°C. 

Plants exposed to higher temperatures for a brief 
period acquire transient heat tolerance. As this thermo
tolerance response develops, a unique group of proteins 
- heat shock proteins (HSP) - is synthesised. Field 
induction of HSP has been shown to occur in papaya 
fruit (Paull and Chen 1990). The extent of protection 
against softening disruption is dependent upon season, 
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stage offruit ripeness at exposure, and pretreatment time 
and temperature (Paull 1990b). 

Many procedures have been empirically developed 
to reduce the injury caused by heat treatmcnt. Exposurc 
ofripcning papaya fruit to either 42°C for 4 hours (Table 
3) or to 38-42°e for I hour. followcd by 3 hours at 22°e 
(Fig. 3) results in the developmcnt of thennotolerance 
and the production of HSP (Paull and Chen 1990). The 
8-hour approach timc to 44°e used for a papaya 
vapour-heat treatment is designed to reducc subsequent 
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Figure 2. Effect of an injurious heat treatment (70 min at 
49°C); and a non-injurious treatment (20 min at 
49°C); on papaya fruit (a) ACC content and (b) net 
ethylene forming enzyme activity during ripening at 
25°C, the difference in activity with and without 
additional ACe. Zero time samples taken just before 
treatment. Vertical lines LSD (I' ~ O.OS). 

injury when the fruit are exposed to 44°C for 8.75 hours. 
This approach time would be expected also to provide 
the conditions necessary to develop HSP and associated 
thermotolerance. Seasonal variation could be due to 
field-induced thermotolerance (Paull I 990b). 

Chilling 

Cold treatments have been recommended for disin
festation of fruits for many years following the observa
tions that refrigeration was an effective quarantine 
treatment for Mediterranean fruit fly. The eggs and 
larval stages of fruit !lies are killed by exposure to tem
peratures below 10°e. However, only temperatures 
below 3°C are practical because of the long exposure 
times involved (10 days and longer at O°C) (Armstrong 
and Couey 1989). 

The stage of fruit ripeness and age of leaf tissue at the 
time of low temperature storage significantly influences 
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the fruit ~ensitivity to visible chilling injury symptom 
development (Paull I 990a). The preclimacteric stage is 
generally more sensitive to cold than the postclimacteric 
stage for avocado, papaya (Fig. 4), honeydew melon, 
tomato, and mango. 

Microwaves 

Microwaves, or dielectric heating, is limited by non
uniform heating and heating from the centre of the fruit 
outward. Microwave treatment to disinfest Mediterra
nean fruit fly, melon fly, and oriental fruit fly from 
mangoes and papayas damaged the fruits before any 
effect on the fruit nies was observed (Armstrong, 
unpublished data). Interrupted or pulsated microwave 
treatments may be effective against mango seed weevil 
with minimal fruit injury (Seo et al. 1970). 

Hayes et al. (1983) showed that ultrasound just below 
the threshold for papaya fruit damage killed fruit flies no 
deeper than I mm inside the fruit. Since fruit fly eggs in 
papaya are in the first 4 mm of the fruit, ultrasound alone 
does not appear to be a feasible disinfestation treatment 
for papayas. 
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Figure 3. Effect of different pretreatment temperatures for I 
hour followed by 3 hr at 22°C on fruit failure to 
soften following a non-injurious 20 min at 49°C or 
an injurious 70 min at 49°C expressed as 
deformation force -ifruit softness) (------) and 
internal injury (- - -) after 10 days of ripening at 
2S°e. Vertical bars LSD 



Table 3. Effect of pretreating colour-break papaya at 42°C on fruit failure to soften after an injurious heat treatment. The fruit 
were treated for varying times at 42°C followed by either 20 min (control) or 70 min (injurious) at 49°C. Fruit were 
allowed to ripen at 25°C. 

Time at 42°C (hours) Deformation force (N) Internal injury (scale) 

Control Injurious heat Control Injurious heat 

0.5 
1.0 
2.0 
4.0 
6.0 

31.4 
23.5 
49.0 
54.9 
54.9 

99.0 
84.3 
63.7 
55.9 
47.1 

o 
o 
0.3 
o 
o 

4.6 
4.8 
3.2 
o 
o 

Significance" 
r2 

n 

L 
0.363** 
75 

L 
0.479*** 
76 

ns 

75 

L 
0.664** 
76 

Heat treatment 
Length of treatment 
Heat x length 
n 

*** 
ns 

*** 
151 

*** 
*** 
*** 
151 

a Coefficient of determination (r2) for best fit mooel. L represents significance at P < 0.01 level. ns, *. **, ***. are not significant. and significant 
at P ~ 0.05. 0.0 I. and 0.00 I, re'pcctively. 

Fruit fly Probit 9 
60%yel/ow 
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Figure 4. The time and temperature relationship of incipient 
chilling injury symptom development in papaya fruit 
and relative sensitivity of fruit flies to low 
temperatures, papaya chilling injury visible 
symptom development redrawn from Chen and Paull 
(1986), and Mediterranean fruit t1y mortality data 
redrawn from Back and Pemberton ( 1916) and Baker 
(1939). Above the lines injury symptoms become 
more severe, while above the line fruit t1y mortality 
reaches Probit 9. 
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Controlled atmospheres 

Comparison of fruit tolerance data and the limited 
data available on the efficacy of low-02 atmospheres in 
insect control, indicates that insecticidal 02 concentra
tion/time/temperature combinations may have a poten
tial use as quarantine treatments for some insects and 
host commodities. 

Irradiation 

The use of up to 1.0 KGrays for insect disinfestation 
in fresh horticultural commodities was approved by the 
U.S. Food and Drug Administration (FDA 1987). Dos
ages that will kill insects may also damage fruit; lower 
dosages that sterilise, are recommended. Unfortunately, 
a sterilising dose leaves live larvae and may cause regu
latory problems. Treatment studies under actual or sim
ulated harvesting, packing, treating, storing, and 
shipping conditions must be completed to ensure that the 
treatment is not in any way irreversibly detrimental to 
the fruits (Maxie et al. 1971). Other concerns are the 
economic feasibility (Maxie et al. 1971) and consumer 
acceptance (Schulz et al. 1989). 

Irradiation has potential as a quarantine treatment 
against fruit !lies infesting avocado, mango, citrus, 
tomato, Iychee, banana, papaya, pome fruits, stone 
fruits, and strawberry (Heather 1986). Irradiation has 
been shown to be effective against mango weevil 
infesting the seeds of commercial mangoes. Cut !lowers 
and other ornamentals with a diverse population of 



insects are another group of commodities where irradia
tion may be successful (Wit and van de Vrie 1985a). 

Low doses (250 Grays) have not been found to alter 
the dry matter, total and reduced ascorbic acid, caroten
oids, pH, titratable acidity, total soluble solids, or total 
reducing sugar of papayas, and the fruit in these tests 
were reported to be firnler. More recent studies (R.E. 
Paull, unpublished data) have shown that fruit firmness 
varies with season and stage of fruit ripening when irra
diated. Skin scald can also be a problem on papaya that 
are irradiated and then immediately placed into storage 
at 12.5°C. Irradiation of banana at 250 or 500 Grays 
delays ripening about 2 days at normal ripening temper
atures. Irradiation at these dosages is not fungistatic. 
Mango palatability was preserved only if the fruit 
received a dose of less than I ()() Grays, although differ
ent mango varieties can withstand higher doses without 
affecting quality. 

Washing 

The simple technique of washing may be used as a 
quarantine treatment for pest organisms found on the 
surface of host commodities. The addition of a detergent 
(insecticidal soaps) increases the effectiveness of wash
ing by dissolving the waxy epicuticle of insect pests and 
causes rapid drowning (Hata et al. 1992). Additionally, 
the use of hot-water washing may kill surface pest 
organisms if the thermal death-point of the target 
organism is reached. 

High and low pressures 

High pressure and vacuum treatments can be used in 
conjunction with fumigants and controlled or modified 
atmospheres. This treatment increases penetration of the 
host commodity and enhances their effect on the target 
pest organisms. Reduced pressure has been suggested to 
control green peach aphid, Myzus persicae (Aharoni et 
al. 1986). 

Conclusions 
No single quarantine treatment or system can be 
expected to work equally against all insects or for all 
host fruits, and the response to any treatment can vary 
greatly. Entomologists and postharvest physiologists 
need to develop insect dosage-mortality information 
following a standardised protocol to determine the 
treatment levels required to insure that horticultural 
commodities can be shipped through domestic and 
international marketing channels without the risk of 
transporting unwanted insect pests or loss of the com
modity quality attributes of appearance, texture, flavour, 
shelf life, and nutritive value. 
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Microwaves as a Quarantine Treatment to Disinfest 
Commodities of Pests 

Jennifer L. Sharp* 

MICROW A YES (radio frequency) comprise that portion 
of the electromagnetic spectrum from 10kHz to 100 
GHz. Frequencies in that range have been used to heat 
objects by converting electromagnetic energy to heat 
energy. Frequencies >IGHz are the ones most com
monly used to heat foods. 

Considerable research has been done using radio fre
quency heating to control pests of grains and nuts. Sev
eral reviews have been published (Frings 1952; Thomas 
1952; Nelson 1967, 1972, 1973; Kirkpatrick 1974). 

Limited research has been done using radio fre
quency heating to control pests of tropical and sUbtrop
ical fruits. Problems have been encountered with 
damage to the treated fruits. Two examples of using 
radio frequency energy to kill insects in fruits have not 
been encouraging. Seo etal. (1970) used a microwave 
oven to kill mango weevil, Sternochetus mangiferae 
(F.), in mango seed. Mangoes were damaged by the 
temperatures generated. Damage was reduced, but not 
eliminated, by treating mangoes with repeated 10--15 
second intermittent bursts of treatment instead of con
tinuous treatment. Hayes et al. (1984) subjected 
papayas infested with oriental fruit fly, Bactrocera dor
salis (Hendel), to microwave treatment until centre 
temperature reached 38-45°C, followed by immersion 
in 48.rC water for 8-20 minutes. The fruit were dam
aged. Tephritidae flies oviposit eggs singly or in masses 
below the peel surface, or as with papaya fruit fly, Tox
otrypana curvicaudata Gerstacker, next to, or in seeds 
present in the fruit cavity. Heating must be uniform 
throughout the treated commodity to ensure that all 
stages of the pest are killed, regardless of where they 
may occur. 

Papaya fruit fly and Caribbean fruit fly, Anastrepha 
suspensa (Loew), are fruit flies of economic importance 
in Florida. Neither papaya nor grapefruit may be 
shipped from Florida to citrus-producing areas in Texas, 
Arizona, and California, or to Hawaii and Japan, unless 
the fruits have been treated with an approved quarantine 
treatment. No approved treatment exists for papaya from 
Florida. Approved treatments for grapefruit are methyl 
bromide fumigation, cold temperature storage, and 
vapour heat (APHIS 1992). Use and production of 
methyl bromide may be suspended by the United States 

* United States Department of Agriculture, Agricultural 
Research Service. Subtropical Horticulture Research Station, 
13601 Old Cutler Road, Miami, FL, USA 33158. 
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Environmental Protection Agency because that fumi
gant is suspected of being a stratosphere ozone depletor 
(Anonymous 1993). Alternate quarantine treatments are 
needed. One such treatment is microwave heat. 

Newer microwave ovens designed for research pur
poses have variable power adjustment that provide a 
range of wattages. Precise power can be obtained that 
will kill insect infestations without causing damage to 
the treated commodity. 

Herein I present results of a study that investigates 
microwave heating of grapefruit and its effect on fruit 
quality. 

Materials and Methods 

'Marsh' white grapefruit, Citrus paradisi Macf. (mean 
± SE, 428.2 ± 17.0 g; range, 400.1-474.2 g) obtained 
from packing houses in central Florida were weighed 
and each equipped with three temperature sensors. The 
sensors were connected to a Model 1450 Fiberoptic 
Multisensor System (Photonetics, 18800 1 42nd 
Avenue, N.E., Woodinville, WA 98072) (Fig. la). The 
sensors are composed of fibre optic strands to precisely 
measure temperature in each grapefruit at different 
areas. The accuracy of fibre optic sensors is 0.5-1 % of 
full scale. One sensor was placed in the centre of the 
fruit; one in pulp tissue one half the distance from the 
peel and centre pulp; and one 1 mm below the surface 
of the peel. Grapefruits were heated singly until the area 
that heated slowest reached 48°C. Heating was done 
using a MDS 2000 research microwave (CEM Corp., 

Figure 1. Microwave heating system: (a) Photonetics 
fiberoptic multisensor system; (b) CEM Corp. MDS 
2000 microwave oven. 



3100 Smith Farm Road. P.O. Box 200. Matthews. NC 
28 I 06-02(0) (Fig. I bJ. The microwave power system 
was equipped with operator selectable output of 0 630 
W (±50 W) in I (;( increments. Preliminary heating was 
done at 2. 3. and 4';(, power settings. Based on the 
results. replicated heating tests were done at 5 (about 30 
W). 10 (about 56 W). 50 (about 324 W). and 100% 
power (ahout 658 W). Fifteen grapefruits were heated 
individually at each power. 

The quality of grapefruits was tested following 
microwave heating for 30 min with 5 (;{- power. A total of 
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23 grapefruits was heated individually. The fruit were 
checked visually for peel bronzing. pitting. and firm
ness. Pulp was examined for texture. aroma. and taste by 
employees. A total or 23 grapeCruits not heated consti· 
tuted the controls. (Jrapefruits were stored at 20-23°C 
and evaluated 5 and I I days after the heat treatment. 

Results and Discussion 

Figs 2a-2g show the heating sequence at the centre. 
pulp, and surface of grapefruit. Areas inside grapefruit 
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Figure 2. Heating in grapefruit: (a) Yi powcr (abollt 12 WI; 
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heated at different rates. Tests at 5, 10.50. and 100% 
power showed that centres reached 50°C in about 25, 
10.5, 2, and 1 minute(s), respectively. Velocities of 
heating rates depend on power (wattage), type of 
magnetron, load and position of the commodity in the 
oven, and physical properties of the treated commodity 
(Burfler 1993). Regardless of the rate of heating, the 
target temperature must be reached to ensure quarantine 
security (99.996K% mortality) without damaging qual
ity of the commodity. Target temperatures of 4K-50°C 
were chosen because research has shown that fruit tly 
eggs and larvae are killed by exposure to heat at these 
temperatures (Armstrong et al. 19K9; Mangan and Ingle 
1992). Heating grapefruit using water (Sharp 1985), 
vapour (Hallman et al. 1990). and hot air (Sharp 1993) 
requires from one to three hours of heating to reach 48-
50°e. Microwave heating has an advantage over con
vective forms of heating in that it is more rapid. 

Compared with untreated grapefruit. heating at 5% 
power for 30 minutes did not produce shrivelling, scald, 
pitting, or bronzing of the peel. Taste and aroma were 
not adversely affected. Pulp texture was not changed. 
Grapefruit was reported to taste less bitter and appear in 
better condition compared with controls. 

Conclusions 

Based on resu!ts of the tests, controlled microwave 
heating should be pursued as a quarantine treatment 
against fruit nics infesting grapefruit. Heating at 5% 
power for 30 minutes produced kthal temperatures and 
did not damage the condition or quality of treated 
grapefruit. 

Microwave heating would be feasihk only in a small 
space because power requirements increase by the 
square of the distance from the radiating source. Fruit 
could be passed slowly on a conveyor. The velocity of 
microwave heating is inversely proportional to the mass 
and number of heated objects. 

High energy costs compared with other disinfestation 
methods, uneven heating, and damage to commodities 
have been the primary reasons why microwave heating 
has not been used commercially in insect control. 
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Effect of pH and Sugar Concentration on 
Apple Cider Quality 

Yuniarti*, Suhardit, and Soenarsot 

MALANG is the main apple-producing area in Indonesia. 
The most common variety grown is Rome Beauty. Fruit 
thinning has been shown to improve the size, colour, and 
eating quality of Rome Beauty apples, and has reduced 
damage by pests and diseases (KusLlmo 1986). The fruit 
thinnings can be used to produce cider. an alcoholic 
drink, rather than being treated as very low value waste 
fruit. 

Sugar concentration and pI! arc the main factors 
detennining the final alcohol content of cider. Accord
ing to Cruess (1948), the optimal sugar concentration is 
22%, while Amerine and Joslyn (19SI) suggest 28%, 
and Tirtosukotjo (1987) IO-IS% added sugar. Consu
mer preferences on the sugar content of cider also vary. 
Fermentation yeasts have pH preferences. Fraizer 
(1967) suggests an optimal range of pH of 4-4.S for 
yeast activity. Under optimal conditions, fermentation 
will be extended and result in a higher alcohol content 
(Tirtosukotjo 1987), while at lower acidities, the growth 
of bactcria will be favoured (Prescot and Dunn 19S9). 

The aim of the research reported was to detem1ine the 
sugar concentration and pH needed to produce a cider 
having a high alcohol content and mceting consumer 
preferences. 

Rome Beauty apples collected from orchard thinnings 
were used. Fruit were washed. blended, and juiced. 
Sugar concentration was set by adding a heavy syrup till 
the preferred sugar concentration was reached. pH was 
set by adding citric acid to the solution. The mixture was 
then heated to 90--1 OO°C, cooled to room temperature, 
then inoculated with Saccharomyces cereviscac yeast. 

The research uscd a complete randomised design, 
comprising a factorial with 3 replications. The first 
factor was pH: 3.S, 4.0, and 4.S. The second factor was 
sugar concentration: 10, IS, 20, 2S, and 30%. Each 
treatment consisted of 1 L of solution. 

Fnmentation was assumed to be complete when gas 
bubbles were no longer visible. The following measure
ments were then made: acid content; sugar content by 
total soluble solid measurement using a refractometer; 
alcohol content by the AOAC method (Anon. 1975); 
and taste preference L1sing a hedonic scale score. Scores 

* Malang Horticulture Research Statioll, P.O. Box 188. 
Malang 65152. East .lava, Indolll'sia. 

'i' TIckung Horticulture Research Station. P.O. Box 22. Balu 
6530 I. East .lava. Indonesia. 
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used were: 6, like very much; 5, like; 4, neither like nor 
dislike; 3, rather dislike; 2, dislike; I, dislike very 
much. 

Results 

Statistical analysis of the results showed that there was 
no significant interaction between sugar concentration 
and pH and the acid. soluble solid, and alcohol content 
of cider. Sugar concentration had a significant influence 
on the characteristics of the cider produced (Table 1). 
Total acid content at the sugar concentrations of 20, 2S, 
and 30% was higher and significantly different from that 
at sLIgar concentrations of IS and 20%. 

Table 1. Effect of sligar concentration to the total acid, 
soluhle solid, and alcohol content of cider 

Sugar Acid content Soluble solids Alcohol 
concentration content 

(%) ('X)* (%)* (%)* 

10 0.203'1a 4.78a 4.76a 
15 0.2314a G.OOb 7.55b 
20 O.2834b 7.S0c 10.86d 
25 O.2812b 13. I Sd 10.72d 
30 O.2838b 20.56c 9.69c 

* Numbers follu\\cd hy the salTI\2 Ieuers were not significantly 
differenl according to DMRT at 5% level. 

Measured soluble solids were significantly different 
between sugar concentrations. The highest soluble solid 
resulted from 30% sugar concentration. 

A sugar concentration of 20% yielded the highest 
alcohol content but this was not significantly different 
from that resulting from a sugar concentration of 25%. 
Alcohol C(ll1tcnt from 10% sugar concentration was 
lower and significantly different from that yielded by a 
2S'/o sugar concentration. Strains or S. cereviseae toler
ant to both low and high sligar concentrations were used 
(Amerine and Joslyn 1951). Analysis of residual sugar 
showed whether or not fermentation was complete (see 
soluble solid col limn in Table I). In this experiment, 
30% sugar concentration proved to be the highest con
centration that could be fennented (Table I). pH had a 
significant effect on acid content only (Table 2). 



Table 2. Effect of pH Oil the total acid. soluble solid and 
alcohol contcnt of cider 

pH Acid contcnt Soluble solids Alcohol 
content 

(%)* (%)* ('7e )* 

3.5 0.3117a 10.28a );.54a 
4.0 0.2458b IOA3a 8.78a 
4.5 0.2127c 10.52a 8.85a 

* Numbers followed by the same letters were not significantly 
different according to DMRT at 5% Icvel. 

Table 3 shows that sugar concentration had a signifi
cant effect on taste preference. but pH Liid not. The 
highest score for taste resulted from a sugar concentra
tion of 30% combined with pH of 4.0 or 4.5. but this was 
not significantly diITercnt from 30Ck sugar, pH 3.5, or 
from all 25% sugar concentration results. 

Table 3. Preference scores for taste of combined treatments 
in preparing cider. 

No. Combined treatment Seores* 

1. Sugar 10%, pH 3.5 1.6a 
2. Sugar 10%, pH 4.0 1.6a 
3. Sugar 10%, pH 4.5 2.2a 
4. Sugar 15%, pH 3.5 2.0a 
5. Sugar 15'X. pH 4.0 I.ha 
6. Sugar I 5o/c. pH 4.5 U;a 
7. Sugar 20o/c. pH 3.S I.~a 

8. Sugar 2()!:(. pH 4.0 3.2abc 
9. Sugar 20,;'. pH 4.5 2.6ab 

10. Sugar 25';' •. pH 3.5 4.2bcd 
II. Sugar 25%, pH 4.0 4.8cd 
12. Sugar 25'"<. pi ( 4.5 S.Od 
13. Sugar 30';'. pH 3.5 4.Rd 
14. Sugar 300/<, pH 4.0 SAd 
15. Sugar 30%, pH 4.5 5.4d 

* Numbers followed by the same letters were not significantly different 
according to DMRT at 5% level. 
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Conclusions 

The highest yields of alcohol came from 20 and 25% 
sugar concentrations, Sugar concentrations of 25 and 
30% were most preferred by consumers. Based on alco
hol produced and sugar concentration preferred by the 
consumers, the best treatment was 25% sugar concen
tration combined with pH of 3.5,4.0, or 4.5. 
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Osmotic Dehydration of Membrane-coated Pineapple 

Wuryani* and N. Poulted 

OSMOTIC dehydration is widely used in the confection
ery industry for manufaeturing candied fruits. However, 
applieation of the technique to membrane-coated foods, 
especially pineapple, has not been developed. The pro
cess is simple and may be applicable in developing 
countries where sophisticated equipment is often not 
available. 

Osmosis involves the passage of a solvent from a less 
concentrated to a more concentrated solution through a 
membrane (Hope and Vitale 1972). n1US, when fruit 
pieces are immersed in a solution which has higher 
oSl11otic pressure than that of the fru it, a driving force for 
water removal arises between solution and fruit (Lcrici 
et a1. 1985). Generally, water is removed from the fruit 
to the extent of 30-50'i(, of its original fresh weight. the 
cell wall acting as a 'semi-permeable' membrane (Pont
ing 1973). 

However, in an attempt to achieve osmotic balance, 
solute molecules will pass from the osmotic solution 
into the fruit through the same cell membrane. This 
membrane is only partially selective. so there is always 
some leakage of solute from the osmotic solution into 
the fruit and from the fruit into the solution (Lcrici et a1. 
1985). Direct osmotic dehydration is therefore a simul
taneous water and solute dilTusion process, although not 
by equal amounts, because water passes more readily 
than the larger solute molecules (ponting 1973). 

Further water can be evaporated t"rom the partially 
dehydrated fruit by a conventional drying method, such 
as vacuum dehydration, yielding an intennediate mois
ture fruit with lower moisture content (ca. 15%). 

According to Lerici et a1. (1985), the osmotic solution 
used must have a low water activity, be hannless, and 
have a good taste. Concentrated sucrose solution (50-
700 Brix) is the most commonly used solute. 

The emphasis of the experiments reported here was to 
reduce the amount of sucrose passing into the fruit 
pieces during osmotic dehydration by coating the fruit to 
be dehydrated with an edible membrane. This mem
brane has to be penneable to water molecules but not to 
sugar molecules. As a result, membranes with a higher 
degree of rejection than that exhibited by the membranes 

* Puslitbang Kimia Terapan - L1PI, Kawasan PUSPIPTEK. 
Serpong 15310. Indonesia. 
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of the fruit itself are necessary (Camirand et a1. 1968). 
A dehydrated product with high sugar content may be 
undesirable, mainly due to its unacceptable taste, or for 
health reasons. 

The work involved use of pectin and alginate as pine
apple coating materials and an investigation of their 
ability to reduce sugar molecule penetration into the 
fruit during osmotic dehydration. 

Materials and Methods 

Pineapple from Kenya and the Ivory Coast was pur
chased from a local fruit seller in London. 

Sucrose (from sugar cane), D-glucose, and citric acid 
were used to prepare the osmotic solution. Low
methoxy pectin and sodium alginate were coating mate
rials. The calcium ions were provided by calcium chlo
ride and calcium lactate. All of these compounds were 
reagent grade. 

Fruit preparation 

The pineapple was manually peeled and cut into slices 
(l cm thickness). The fruit slices were cut further to form 
'cubes' (l.5 x 1.5 cm). 

t MI.d.dle part 
taken for 
sliCing 

Flesh part used 
for experiments 

The sampling uniformity test 

Core 

The prepared pieces of pineapple obtained from 5 
fruit were mixed and divided randomly into 8 parts. The 
8 representative samples were analysed for moisture 
content and refractive index. 

Fruit coating 

About 40-50 g of fruit (20 cubes) were placed in a 2% 
solution of 10w-meth()Xy pectin for I minute. After 



removal from the solution they were drained for 5 min
utes hcfore dipping for 1.5 minutes in a solution of 20')(.· 
calcium chloride comaining 2(k citric acid. 

Sodium alginate (2%) was also used for treating the 
same amount of pineapple. Soaking was carried out for 
2 minutes, followed hy draining for 5 minutes. The 
cubes were then dipped in a 3(7" solution of calcium lac
tate for 5 minutes. 

The coated fruit slices were then drained and kept in 
a refrigerator overnight. 

Osmotic dehydration 

The coated and non-coated (control) pineapple pieces 
were placed in conical tlasks containing 700 Brix syrup 
prepared from glucose and sucrose (50:50). This syrup 
contained 0.5'/(; citric acid. The ratio of syrup and coated 
fruit was 1:2.4 (w/w). The flasks were placed in a water 
bath at 55°C, and were gently and constantly agitated, 
After varying periods the Ilasks were rcmoved and their 
contents drained for about I hour before analysis. 

Chemical analysis 

The frui! samples were analysed hefore, during, and 
at the end of the osmotic process (0.0, 1.5, 3.0. 4.5 and 
6.0 hours). The factors measured were moislUre content 
and refractive index. The water content was determined 
by drying under vacuum at 70°C until a constant weight 
was obtained. The refractive index was measured with 
an Abhc refractometer. 

Results and Discussion 

To ensure homogeneity of samples, their moisture con
tents and refractive indexes were measured before the 
experiments started Crable I). 

Table l. TIle moisture content and refractive index of 
selected parts of 5 pineapples 

No. of sample Moisture content Refractive index 
«i; ) (08rix) 

S9.15 9.25 
2 89.29 9.25 
3 S9.59 9.25 
4 89.59 9.30 
5 89.83 9.30 
6 89.68 9.25 
7 90J)4 9.40 
8 89.40 9.30 

The experimental results (Tables 2 and 3) demon
strated that during oSlllotic dehydration. coated and 
non-coated pineapples showed interchanges of solute 

components. Water was lost from the fruit, and sugar 
molecules were absorbed into the fruit, though not in 
equal amounts. 

Table 2. Moisture content and refractive index of low
melhoxy pectin-coated and uncoated pineapple 
dehydrated in a 70 0 8rix SO'1c glucose-sucrose 
solution at 55°(' 

Dehydration Moisture content Refractive index 
time ('Ic)" (ORrix) 

(hours) control coated control coated 

1.5 65.19 65.73 19.60 19.60 
3.0 60.37 59.37 24.00 22.50 
4.5 58.78 58,59 45.00 44.75 
6.0 56.11 56.32 45.50 45.00 

* The untreated pineapple had ,)O .. iRq· moi~·..t lire content and its 
refractive index was 8.2So13ri\. 

Table 3. Moisture content and refractive index of sodium 
alginate-coated and uncoated pineapple dehydrated 
in a 700 8rix 50':{ glucose-sucrose solution at 55°(' 

Dehydration Moisture content Refractive index 
time (',!c,)" (08 .. ix) 

(hours) control coated control coated 

1.5 59.78 63.34 35.50 35.00 
3.0 53.29 57.20 41.00 35.60 
4.5 52.78 55.75 42.50 .1X.OO 
6.0 51.59 54.51 45.00 42.00 

* The raw material had R2.R(Y!() w<Her and its refractive index wa"i 
14'soBrix. 

It is interesting to note that most of the moisture and 
solid content exchange occurred within the first 1.5 
hours of the process. After this the movement of water 
from the tissue to the sugar solution proceeded more 
slowly. The results also show that moisture content 
reduction of the fruit tissue started immediately, owing 
to removal of water close to the surface. However. it is 
increasingly difficult for water deeper within the tissue 
to diffuse to the surface. According to Hulme ( 1971 ), the 
latter situation is caused by the greater distance to travel, 
the collapse of cells closing diffusion pathways, inter
ruption of flow by entrapped air pockets, and increasing 
viscosity as the concentration of solids (particularly 
sugar) rises. Attempts were made to overcome these 
problems during this experiment, as follows. 

In order to reduce the distance for water diffusion. the 
pineapple was cut into small 'cubes' (1.5 x 1.5 x I 
cm) . 

• A highly concentrated sugar solution was used 
(700 Brix). Hope and Vitale (1972) reported that more 
water will be removed in a given period if a higher 
starting eoncentration of sucrose solution is used. 



• The osmotic dehydration was carried out at a rela
tively high temperature (55°C) because it is known 
that diffusion rates arc temperature dependent. Also, 
at higher temperatures syrup solution is less viscous 
and more easily circulated. Speirs (1986) noted that 
higher temperatures and/or shorter operation times 
favour reductions in microbial contamination of both 
pineapple and syrup (particularly important if 
osmotic solvent is to be reused). 

• Gentle and constant agitation was also applied. 
During dehydration, the osmotic solution becomes 
diluted because of sugar molecule loss, as well as 
through the uptake of water from the fruit. Conse
quently, circulating the syrup around fruit pieces is 
necessary to prevent localised areas of dilution. The 
rate of dehydration in stirred mixtures will thus be 
faster than in an unstirred system. Hawkes and Flink 
(1978) noted that samples prepared with agitation 
have higher levels of solute uptake than non-agitated 
samples. 

• Citric acid was added to the system (0.5%). This 
accelerates the process of osmotic exchange, though 
not to the same extent as increased temperature. The 
reduction in pH also minimises microbiological 
activity (Speirs 1986). In this experiment, the pH of 
the dehydration system was 3.0, which was also 
required for initiating gelling and formation of the 
membranes. 
The mechanism of caleium pectate and calcium algi

nate gel formation is as follows. After pineapple pieces 
were dipped in either low-methoxy pectin or sodium 
alginate solution, followed by draining. the water evap
orates from a thin layer of those solutions on the fruit 
surface. The pectin or alginate itself remains in the form 
of a continuous and usually transparent film. This film 
can be redissolved in water, but can also be converted 
to a film of water-insoluble pectin or alginate. The latter 
process is achieved by treating the film with a calcium 
salt solution. Gelling behaviour and thermal depolyn~ 
erisation of pectin is effected by esterification of its 
galacturonic acid residues. In addition, Fennema (19R5) 
notes that reaction between calcium ions and alginate is 
highly influenced by D-mannuronic acid and L
guluronic acid composed in the structure molecule of 
alginates. 

The coating treatment with both pee tate and alginate 
gave the best results following a soaking time of3 hours. 
The refractive index of pectate-coated fruit (22.50oBrix) 
was lower than the control (24.()()OBrix). Apparently, 
calcium alginate has a higher degree of rejection than 
that exhibited by both calcium pectate and natural 
membranes of the fruit (control). The refractive index of 
alginate-coated pineapple was 35.o0o Brix. 5.40 points 
lower than the control (41.(X)OBrix). 

A more substantial difference in sugar uptake 
between coated and uncoated fruit pieces was expected. 
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The membrane formed may be improved by the follow
ing means. 

Optimising the reaction between pectin and calcium 
ion. The amount of calcium present in the system 
affects whether a temporary or permanent film will be 
formed. However, calcium chloride imparts an 
unpleasant taste to foods when used at high levels. 
Although calcium lactate is preferred for taste rea
sons, it has a relatively low solubility (ca. 5% by 
weight) in water (Anon. 1983). 
Lowering the soaking temperature. Bradshaw et al. 
(1976) found that low-methoxy pectin gave 'not so 
firm' texture after heating. Moreover, according to 
Camirand et al. (1968), to prevent thermal degrada
tion the processing temperature should be no more 
than 30°C. 

• Increasing the pH. The pH of the calcium solution 
(20% calcium chloride containing 2% citric acid) was 
1.0, therefore. when low-methoxy pectin solution 
reacted with this calcium solution, degradation by 
hydrolysis might have occurred. 

• Adjusting the porosity of the thin film formed around 
the fruit pieces, so only the sugar molecules could 
pass through the membrane. 

Suggested further work 

Dehydration of membrane-coated fruits could 
become an important preservation process if membranes 
giving a higher rejection degree can be found. Conse
quently, more intensive studies are needed on other 
edible materials. It is necessary to determine the charac
teristics of the membranes formed - their thickness, 
porosity, continuity, and stability - before their appli
cation in osmotic dehydration. Also, it would be desira
ble to complete all experiments with a panel test. 

Conclusion 

Osmotic dehydration could be applied for reducing the 
water content of pineapple by up to 4Oo/c. Sodium algi
nate may have potential as a fruit coating. It gave a larger 
(5.40o Brix) difference in sugar uptake between coated 
and uncoated fruit than did low-methoxy pectin 
( 1.50o Brix). 
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Anti-fruit-fly Activity of Extracts of Black Pepper 
and Other Edible Plants 

Suhaila Mohamed and Halim Muhammad Taipor* 

TECHNIQUES for disinfestation of fruit flies inelude 
fumigation, radiation, heat treatment, fruit fly baits, and 
a combination of the these treatments, or harvesting the 
fruits in the unripe stage. Unripe papaya, for example, 
contains benzyl isothiocyanate which inhibits the 
growth and development of fru it fly eggs and larva (Seo 
et al. 1983). Insecticidal pyrethrins which have low tox
icity in mammals have been isolated from pyrethrum 
flowers, (Windholz and Budavari 1983). Unfortunately, 
although pyrethrins can kill insects by destroying their 
nervous systems, they are unstable in light and air (Wil
liam et al. 1985) and their structure must be modified 
before they can be used in the field. This report describes 
a search for non-toxic or a low toxicity insecticidal 
compounds that may be naturally present in edible 
plants. These would be used for topical application on 
harvested fruit, together with sun'ace coatings or other 
dips. 

Materials and Methods 

Solvent-free methanol extracts from chilli (Capsicum 
annum), petai (Parkia speciosa). galangal (Languas 
ga/anga), onion (Allium C('pa) , nutmeg (Myristica fra
grans), cinnamon (Cinnamon iners), clove (Eugenia 
aromalica), jering (Pilhece//obium jeringa), black 
pepper (Piper nigrum), ginger (Zingiber officina/e), 
pandan (Pandanus odorus), betel leaves (Piper bel/e), 
cummin (Cuminum cyminum), kencur (Kaemphera 
rotunda), lemon grass (Cymbopogon citratus), and 
coriander (Coriandrum satimm) were screened for 
activity against Drosophila melanogasler (vinegar fly). 

Sample preparation 

Samples obtained from the evening market were 
extracted with methanol. A general extraction procedure 
consisted of soaking the samples overnight in the sol
vent, filtering the solution, then removing the solvent 
using a rotary evaporator. The extraction \Vas repeated 
three times, each time using a fresh solvent. The com
bined extracts of each solvent were kept refrigerated for 
anti-fruit-fly screening. 

* Faculty of Food Science and Biotechnology. 43400 Univer
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Anti-fruit-tly screening 

D. melanogaster were bred in large flasks on a 
medium containing 3% agar, 50% ripe bananas, 0.6% 
live yeast, and 600 ppm mcthyl parabcn. Screening was 
carried out on D. rnell1nogaster eggs and larvae, using 
the method of Kawazu et a!. (1989). Care was taken to 
avoid immersion of the eggs in the medium, which will 
reduce their hatchability. 

Results and Discussion 

Table I shows the average percentage mortality of D. 
rnelanogaster resulting from the various methanol 
extracts. Also given arc the weights of the residues 
obtained from the methanol extracts. At 0.1 % conccn
tration it was found that black pepper had the highest 
insecticidal activity, causing 97.1 % death of J). melano
gaster larvae. Extracts which had less than 50% mortal
ity were considered not to have adequate insecticidal 
activity. 

Table l. Average percentage mortality of Drosophila 
meianoJ;asfer in the various organic extracts of 
various herbs and the weight of the residues 
obtained from the methanol extracts. 

Samples Concentration (giL) 
(g residue/IOO g 
sample) 0 0.01 0.1 

Control (0) 5.0 5.0 5.0 5.0f 
Blaek pepper (21.3) 5.0 71.3 76.9 97.1a 
Chilli (13.1) 5.0 62.8 68.4 74.lb 
Jering (R.9) 5.0 4R.3 62.6 71.3b 
Pctai (9.2) 5.0 48.3 74.1 65.2b 
Cummin (23.8) 5.0 22.5 32,5 70.0b 
Cloves (19.9) 5.0 36.6 59.S 59.8he 
Galangal (4) 5.0 26.1 59.8 54.0bcd 
Betel leaves (28.2) 5.0 7.5 22.5 55.0bcde 
Ginger (24.8) 5,0 29.0 36.8 SI.2hcde 
Coriander (23.6) S.O 25.0 25.0 32.5def 
Pandan (20.3) 5.0 10.0 :,0.0 30.0ef 
Cinnamon (24.4) 5.0 14.7 24.1 49.1f 
Onions (19.7) 5.0 14.6 23.3 42.5f 
Nutmeg (13.6) 5.0 23.3 31.0 39.7f 
Kcncur (13.2) 5.0 12.5 20.0 22.5f 
Lemon grass ( 1 1 .3) 5.0 13.0 15.0 30.0f 

Mean~ followed by same lettt'r are not significantly different at 5'/( level 



Since pepper extract was found to have the highest 
insecticidal activity, dried, powdered pepper seeds were 
sequentially extracted with petroleum ether, chloro
form, dichloromethane, ethyl acetate, 25% ammoniacal 
chloroform, and finally methanol. 

The average percentage mortality of D, melanogasier 
in the various organic extracts of black pepper and the 
weights of the residues obtained from the various 
extracts are shown in Table 2. 

Table 2, Average percentage Illortality of Drosophila 
melanuRaster in various organic extracts of black 
pepper and the weight of the residucs obtained from 
the various extracts. 

Residue Concentration (mg/L) 
(g/300 g sample) 

0 0.001 0.01 0.1 

Control (0) 5.0 5.0 5.0 5.0 5.0c 
Petroleum ether 5.0 22.5 32.5 65.0 95.0a 
(12.7) 
CzHsOCzHs (7.6) 5.0 5.0 5.0 15.0 1O.0c 
CH2CI2 (6.6) 5.0 10.0 42.5 47.5 60.0b 
Chlorofonn (4.3) 5.0 2.5 10.0 27.5 85.0a 
Ammon. CHCI] 5.0 7.5 32.5 42.5 85.0a 
(3.2) 
Methanol (72.0) 5.0 7.5 10.0 30.0 42.5b 

Means followed hy same letter are not :-.ignificantly different at Yj( 

level 

The lethal concentration (LC50) or effective dosage 
(ED50) was obtained by plotting the log scale of con
centration against percent mortality (Ariens 1976). 
Petroleum ether, ammoniacal chloroform, and chloro
form extracts had the highest insecticidal activity with 
LC50 values of 0.72 ppm, 0.744 ppm, and 0.688 ppm, 
respectivcly. Thesc were followed by dichloromcthane 
extracts and aqueous extracts with LC50 values of 1.34 
ppm and 1.5 pplll 

It has been shown on many occasions that piperine, 
one of the alkaloids found in black pepper (Michael and 
Salem 1987), is more toxic to house flies than is pyreth
rum (Windholz and Budav,!ri 1983). Piperine is very 
soluble in chloroform, petroleum ether, and hexane 
(Windholz and Budavari 1983) and may be the main 
anti-fruit-fly component in black pepper. Black pepper 
extract has also been shown to be effective against 
cowpea and flour weevils (Gomez et a!. 1984), adult D. 
meianog(lsier, Ceratitis capita/a, and all life stages of 
Sapodoptcra !ittora!is. Studies by Ganesh and Chandar-
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asekhara (1985) showed that continuous intake of 5% 
piperine in the diet of rats for one-third of their lifespan 
(8 weeks) did not significantly affect their growth, food 
intake, organ weights, or biochemical composition. 
However, the consumption of 12 g/kg body weight 
black pepper in rats had carcinogenic effects due to the 
presence of methylene-dioxybenzene-piperin and 
kawain alkaloids (Cone on 1979). 

Further work will be carried out to assess effect of 
piperine on economically important species of fruit flies 
(e.g. Bac/roecra dorsalis), and determine the insectici
dal components in chillies, petai, jering, and cummin. 

Conclusions 

This work confirms the potential of piperine from black 
pepper chloroform petroleum ether extract as an insec
ticidal compound effective against D. me!anogaster. 
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The Potential Use of Insecticidal Atmospheres for Mango, 
Avocado, and Papaya Fruits 

Elhadi M. Y ahia * 

fUMIGANTS such as ethylene dibromide (EDB) and 
methyl bromide (MB) have long been used as a quaran
tine treatment for horticultural crops. Objection to the 
use of chemicals because of health risks is rising. EDS 
has been banned; MB is still being used but is also tar
geted by authorities. Several physical treatments are 
being investigated as alternatives. Low temperatures 
(0-2°C) can be used to control insects but only for crops 
not prone to chilling injury. Mango, avocado. and 
papaya are sensitive to chilling. Irradiation can control 
insects and has potential application for some tropical 
fruits. but installations are expensive. and there are con
sumer objections and technical difficulties. High tem
peratures (water or vapour) have been tested for several 
fruits, and hot water has been used for papaya and 
mango. Heat injury and short postharvest life are 
reported for heat-treated fruits. 

Atmospheres with very low oxygen (02) andior 
very high carbon dioxide (CO,) are insecticidal, and 
have been used for commercial grain storage. The time 
required for 100% mortality varies greatly with species 
and developmental stage of insect, temperature, relative 
humidity (RH), and 02 and CO2 concentration. The 
lower the 02 concentration, the higher the CO2 level, the 
higher the temperature, and the lower the RH the shorter 
is the time for JOoc/c) mortality. At temperatures of 
around 20°C. 02 concentrations of SO.5% and CO2 
concentrations of 250% several insect species arc killed 
in 2~4 days (Ke and Kader 1992). There is still no 
information available on the control of fruit flies with 
insecticidal atmospheres. It is advantageous to use 
insecticidal atmospheres because they leave no toxic 
chemicals on the fruit, are environmentally safe. and are 
comparable in cost with chemical fumigants. The cost of 
treating I t of raisins during long-term storage was 
LJS$7.61 with MB, LJS$9.77 with phosphine, and 
LJS$8.77~9.66 with low 02 atmosphere (Soderstrom 
and Brandl 1(83). It takes longer to kill insects with 
insecticidal atmospheres than with fumigants. In addi
tion, these extreme atmospheres may cause anaerobiosis 
and fennentation in fresh horticultural crops. The use of 
these atmospheres is only feasible if they do not harm 
the fruit. Horticultural crops vary greatly in their relative 
tolerance to modified and controlled atmospheres. It is 

* Centro de Invcstigaci(\n en Alimenlaci(\n y Desarrollo. 
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important that relative tolerance to insecticidal atmos
pheres be determined for different fruits and vegetables. 
in order to evaluate their potential application. 

Several experiments were conducted to test the toler
ance of avocado (Persea americana Mill, cv. Hass). 
papaya (Carica papaya L., cv. Sunrise). and mango 
(Mangifera indica L., cv. Keitt) fruits to these extreme 
atmospheres (Yahia and Carrillo-Lopez 1993; Yahia 
and Kader 1991; Yahia et a!. 1992; Yahia and Tiznado
Hernandez 1993; Yahia and Vazquez-Moreno 19(3). 
Fruits were exposed to either a static or a dynamic mod
ified or controlled atmosphere, containing either insec
ticidal low 02' or low 02 and high CO2 (balance is either 
air or N2 depending on the atmosphere composition). 
The fruits were evaluated every day, then held to ripen in 
air for several days and evaluated again. Fruit evaluation 
included quality attributes, and chemical analysis of 
metabolites and activity of enzymes of aerobic and 
anaerobic respiration. In some experiments sensory 
evaluation was also conducted. The sensitivity/tolerance 
of the fruit was evaluated subjectively on the basis of 
development of off-flavours (aleoholic odours) and 
tissue injuries. 

A vocado, papaya, and mango fruits were found to 
tolerate these insecticidal atmospheres for I, 2, and 5 
days, respectively, at 20°e. After I day in very low 0 0 

or very low 0., and very high CO., avocado fruit devel= 
oped off-tlavo-urs and tissue injurIes (brown discolora
tion. especially in the vascular tissues). Papaya fruits 
stored for more than 2 days in insecticidal low 02 
atmosphere developed alcoholic odours. On the other 
hand, mangoes stored in insecticidal low 02 and/or high 
CO2 for up to 5 days at 20°C did not develop olT
tlavours or tissue injury, and ripened normally. 

Therefore. it is possible that insecticidal atmospheres 
could be used to control many insects in Keitt mangos 
(all those insects that can be killed within 5 days), some 
insects in Sunrise papaya (those insects that can be 
killed within 2 days), and very few insects in Hass avo
cados (only those insects that can be killed within a day 
or less). Entomological studies are needed to specify the 
species of insects that can be killed by these atmos
pheres. In addition, further studies with other varieties 
are also needed before this treatment can be recom
mended for either of these fruits. During long-term stor
age inseCticidal atmospheres can be used for grains, 
nuts, and raisins. No detrimental effects were reported in 



these crops due to these atmospheres. If this treatment 
proves to be adequate for quarantine purposes (applica
tion for short period of time) in certain fresh fruits or 
vegetables (on the basis of their tolerance) it could be 
applied before or during transit, in a manner somewhat 
similar to ripening treatments. This is especially prom
ising during marine shipments, where transit time is 
usually several days and controlled atmosphere con
tainers are available. The potential of these atmospheres 
for insect control during storage of some less perishable 
products, and as a short-term quarantine treatment for 
various perishable fruits and vegetables is therefore very 
promising and merits further study. 
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Preliminary Investigation of Microorganisms Antagonistic 
to Colletotrichum gloeosporioides Obtained from Rambutan 

Nuanwan Farungsang, Udom Farungsang, and Somsiri Sangchote* 

LONG distance transportation of rambutan (Nephelium 
/appaceum L.) has been impeded by its very short shelf 
life due to postharvest fruit diseases. Colletotrichum 
gloeosporioides is one of the most important pathogens 
on rambutan. The potential of biological control as a 
hygienic and effective control strategy has been investi
gated. 

Flushing leaf, inflorescences, fruit of various stages, 
and dew were collected from rambutan bushes located in 
Chanta Buri and Chumphon provinces. Phylloplane 
microorganisms on the plant parts were suspended in 
sterile normal saline, diluted, then spread on nutrient
yeast-extract agar (NYDA). 

More than 700 bacterial isolates obtained by random 

sampling from isolation-NYDA-plates were tested 
against six C. gloeosporioides isolates (three for Type I, 
the others for Type II), and about 200 antagonistic iso
lates selected. Significant antagonistic characteristics 
observed were antibiosis and vigorous growth. Yeasts 
may have been suppressed by vigorous competition 
from bacteria. 

Discoloration of colonies, together with suppression 
of radial growth and fruiting body formation, and 
abnormal morphology of conidia or hyphae damaged by 
antagonistic bacteria, were observed on C. gloeospori
oides developed under dual culture conditions (Figs J 

and 2). Empty swollen structures and repeated forma
tion of empty appressoria were observed soon after 

Figure 1. Dual cultures showing antagonistic characters and abnonnal development of C. f?,loeosporioides Type I and Type II. 

* Kasetsart University. Kamphaengsaen Campus, Nakhon 
Pathom. 73140 Thailand. 
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spore germination amongst mixed populations of the 
fungus and antagonistic bacterial cells in a drop of steri Ie 
water held in a moist chamber at 25-27°C (Fig. 3). 

Partial success of postharvest biological control of 
fruit rot caused by C. gloeosporioides Type II was shown 
by reduction of disease incidence from 85 to 42.5 % 
(Table I) when detached mature rambutans were dipped 
for 20 seconds in an antagonist cell suspension before 
being stored for 20 days at I 3°e. The effect of antago
nistic bacteria on Lasiodiplodia theobromae, Pestalo
liopsis sp., and Phomopsis sp. was a lso tested (Table I). 

Further investigation of the aetiology and ecology of 
pathogen infection, as well as strategies of screening and 
application of antagonistic microorganisms effective for 
control of quiescent C. gloeosporioides appear war
ranted . 
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Andrew, J.H. 1990. Biological control in the phyllosphere: 
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Figure 2. Scanning electron micrographs of C. gloeosporioides Type I (a---{;) and 
(d- f): nomlal (a,d), pitted wall or wrinkled conidia (b,e) and fungal 
structures damaged and invaded by antagonistic bacteria cells (c ,f) . 

Table 1. Effect of antagonistic bacteria on disease incidence caused by various postharvest fungal pathogens on rambutan 

Antagonistic isolates 

Anta I 
Anta 2 
Anta 3 
Anta 4 
Non-suspended 
Non-dipped 

C. gloeosporioides 
Type II 

61 .25 
62.50 
42.50 
86.25 
86.25 
85.00 

Percentage of fruit affected 

L. theobromae 

7.50 
7.50 

40.00 
0.00 

10.00 
10.00 
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Pestalotiopsis sp. 

2.50 
5.00 
0.00 
1.25 
0.00 
0.00 

Phomopsis sp. 

28.75 
25.00 
17.50 
12.50 
5.00 
5.00 
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Figure 3, Development after spore gennination of C. /?Ioeosporioides Type IJ 
after 42 hours (a,b) and 48 hours (c,d): nonnal (a,c); chain of repeated 
fonnation of appressoria (b); and swollen structures (d). 
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Electron Beam Irradiation Combined With Hot-water 
Immersion Treatment for Banana Preservation 

Russly Abdul Rahman*, Alistair Grandisont, and Geoffrey Campbell.Plattt 

Abstract 

A study of the effects of minimal processing treatments, hoth individually or in combination, was can-ied out in 

order to extend the shelf life and to improve the quality of hananas without the usc ofrcfrigeralion. Preclimacteric 
bananas at light full three-quarter grade, were either treated with hot-water immersion for 1-30 minutes at 45-
55°C or irradiated with electron beams (2.0 MeV Van de Graall accelerator), to a dose of 0.1-1.5 kGy. All fruit 
was stored at 21 i I °C and relative humidity 0[85-95%. There was no signillcant delay in ripening offruit treated 

with hot-water immersion at the temperature specifit'd. Some damage to fruit, particularly peel scalding at the 
ends of the fruit, occurred at the higher temperatures (>SO°C). n,e 50°C, 5 minute-immersion was selected for 

further study. Irradiation to O.I-(U kGy delayed the ripening (up to."\ days) without affecting fruit quality. Doses 
greater than 0.4 kGy resulted in extensive discoloration and fruit splitting. ·I1K' immediate effects of irradiation 

included losses of peel texture and vitamin C contt'nt at doses ahovc 0.5 kGy. Due to limited depth of penetration 
(50°;; of dose remained at 7.Smm below peel's surface), electron beam irradiation ean be utilised for surface 

treatment only. Physic(}-chemical changes of ripening fruits at predetermined sampling days, and when fruits 
were at colour stage 5. were investigated for the 2 treatments. No signillcant organoleptic differences could be 
detected between hananas irradiated at O. 15 kGy and the control. 

* Universiti Pertanian Malaysia. -U400 UPM. Serdang. Selan
gor. 

t University of Reading. Reading. Herks .. U.K. 
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Fruit Fly Problem and Disinfestation Research in Malaysia 

Mohamed Mohd Salleh, Sulaiman Zulkifly, and Mohamad Osman* 

Abstract 

Malaysia has emerged as one of the leading exporters of tropical fruits. The value of Malaysian fruit exports 
exceeded US S2(X) millions in 1992. However, one of the main pest problems faced by fruit growers is fruit fly, 
primarily Baclerocera dorsalis Hendel. Together with the Australian Centre for International Agricultural 
Research (ACIAR). the Malaysian Agricultural Research and Development Institute (MARDI) has developed 
PROMAR, a protein bait to combat the fruit fly menace in the field. Fruit fly is also a quarantine insect and, in 
order to meet stringent import requirements by countries such as the USA, Japan. Australia. and New Zealand, 
several disinfCstation studies were conducted. Irradiation of papaya (Carica jlaj,aya L.), starfruit (Averrhoa 
carall/bo/a 1,.). and sarwlilla (.ltchra" sa/'ola L.) has shown its potential as a quarantine treatment that causes little 
damage to the fruit. Dosages up to 100 Gy were able to give 100% prevention of the most resistant stage (third 
instar larva) from emerging into complete adult. Physical treatments such as vapour-heat treatment of Harumanis 
mango (Mangifera indica L.) was extensively tested with reduced relative humidity. On cold treatment, a com
bination of cling wrapping with polyethylene plastic film and storage at low temperature seems enough to kill all 
stages ofthe Oriental fruit fly in mangosteen (Garcinia lI/anfioslana L.). Study on methyl bromide fumigation is 
also being carried out especially on the starfruit and sapodilla. 

* MARDI, P.O. Box 12301, Kuala Lumpur 50774. Malaysia. 
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Part 4 - Storage and Ripening 



Internal Quality Analysis of Watermelons by an Acoustic 
Technique and Its Application in Japan 

Yoshihide Kouno*, Toshihiro Mizuno*, Hiromu Maeda*, 
Takayoshi Akinagat, and Y oshihiro Kohdat 

WATERMELON is now generally sold in cut sections in 
supennarkets and retail stores in Japan. Therefore, it has 
become necessary to detect and sort out hollow and 
overripe fruit, and mcans of doing this have become a 
major focus of attention in the production area in setting 
new shipping standards. Usually, watcrmelons have 
been tested for ripeness by skilled inspectors who slap 
the surface of the watermelon and judge the ripeness by 
relying on factors such as the pitch and tone of the sound 
produced. With this method, however, many years of 
experience are required before any degree of precision 
can be expected in classification of watennelons. As the 
number of skilled inspectors decreases due to ageing, 
there has been a strong call for the development of 
automatic quality measuring and sorting devices. 

Various rcsearehers have investigated non
destructive measurement of the internal quality of 
watennelons (Chuma 1977; Yamamoto 1984; Sasao 
1985; Kawamura 1(88). Howcver. there are no practi
cally applicable on-line mcasuring and sorting devices 
which can assess ripeness and at the sallle time deter
mine whether or not a watermelon is hollow. We studied 
a method of classifying ripeness and detecting hollow 
watennelons using an acoustic techniquc, and this 
research led to the development of the MW A-9002 
system for sorting watermelons. 

Components and Principles 

Measurement of ripeness and detection of hollow 
watermelons 

The system, which measures ripeness and detects 
hollow watermelons, consists of a mechanical supply 
section. a height measurement section, an acoustic 
sound measurement section. a display section, and a 
wave analysing device (Fig. I). With the acoustic tech
nique, the watennclon is slapped with a small hammer, 
and ripeness and presence of hollows arc detected based 

* Fantec Institute Co. Ltu. (LV) Sasagasl'. Hamamatsu. Shizu
oka, 435. Japan. 

t Department of Bioproullction, College of Agriculture, Uni
versity of the Ryukyus, I Senbaru, Nishihara. Okinawa, 
903-0 I. Japan. 
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on changes in the sound waves transmitted from the 
interior of the waternlelon. 

Measurements of ripeness and hollowness of the 
melon are made by Fast Fourier Transform (FFf) anal
ysis of the waveshape of the sound. The results from a 
nonnal and a hollow watermelon using this device are 
shown in Figures 2 and 3, respectively, Comparing the 
original wave and the auto correlation coefficient wave 
from a norillal melon with those from a hollow melon 
shows that a nonnal melon produces a clean damped 
waveshape, while a hollow melon produces a disordered 
waveshape, Thus, to determine whether a melon is 
hollow. the sum of the peak waveshape for given cycle 
is determined, and the result is compared with a judg
ment value established in advance. If the watennelon is 
normal, the peak frequency of the power spectrum is 
clearly damped, but if the melon is hollow, there will bc 
more than one peak, with the second peak tending to 
have a lower frequency than the first. 

The quality of the melon can be detennined by com
paring the difference between the peak frequencies with 
the judgment value. Hollow spots and cracks, however, 
appear not in one isolated spot, but in a variety of loca
tions. Consequently, there arc cases in which these tlaws 
cannot be detected using a sensor. As a result of our 
research, we realised that a minimum of three sensors is 
necessary for accurate measurement. There is a strong 
correlation between the ripeness of a watennelon and 
the hardness of its fruit. It has been reported that the peak 
frequencies gradually shift from higher frequencies to 
lower according to the ripeness. The transition speed 
varies considerably depending on the size of the melon. 
Therefore. we have found that it is not possible to accu
rately measure ripeness simply by determining the peak 
frequency. The relationship between the peak frequen
cies was studied in terms of fruit size and changes in 
ripeness, We found. when measuring ripeness, that it 
was necessary to correct for the diameter of the melon 
when measuring the peak frequency of power spectrum 
detennined through wave analysis (sec Fig. 4). 

Capacity of the sorting system 

This equipment is capable of processing 3600 water
melons per hour. The tlow of the sorting process is as 



;;:;:;:;;;;:;:;;;;:;:;;;;:;:;;;;;;;:-----u height sensor 

sens in 

Figure l. Ripeness and hollow detecting apparatus for watenneion. 

Figure 2. Result of waveshapc analysis for nomlal fruit. The 
graphs show (a) the original wave. (0) the power 
spectrum. and (e) the auto corrdation coefficient 
wave. 

Figure 3. Result of waveshape analysis for hollow fruit. The 
graphs show (a) the original wave, (0) the power 
spectrum. and (c) the autocorrelation coefficient 
wave. 
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Figure 4. Relationships between the peak frequency and 
changes in the height ofwatennelon accompanied 
with progress of ripeness. 

follows: (I) watermelons supplied to sequencing line; 
(2) washing to remove surface dirt; (3) visual inspection 
by inspector; (4) measurement of ripeness and detection 
of hollows; (5) grading and sizing; and (6) packing. 

Conclusion 

Using an acoustic technique, watermelons can be tested 
on-line for ripeness and hollowness. As a result. a sort
ing operation which had previously depended on the 
intuition of an inspector can be carried out based on 
consistent judgment criteria, enabling assured product 



quality. This system has been installed in nine locations 
throughout Japan where watermelons are being sorted 
and packed automatically. 
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Feasibility Studies into NIR Technique for Measurement of 
Internal Quality of Some Tropical Fruits 

Yoshihide Kouno*, Toshihiro Mizuno*, Hiromu Maeda*, Takayoshi Akinagat, 
Tetsuya Tanabet, and Y oshihiro Kohdat 

UNTIL recently, most pineapples grown in Okinawa 
Prefecture have been used for processing. Crops reached 
a peak during the period 1965-1970, but since then the 
size of the crop has declined. In 1988, the crop fell to less 
than half of the 35 500 tons obtained during peak times. 
Furthermore, the 1988 GAIT decision to liberalise 
imports of canned pineapple, beginning in 1990, dealt a 
severe blow to the Okinawa Prefecture pineapple indus
try (Kohda 1990; ODA 1990; OPG 1990). Since Oki
nawa Prefecture has a geographical advantage which 
allows companies to transport pineapples faster and with 
less deterioration than other suppliers, Okinawan faml
ers have been expanding into the market for fresh pine
apple. However, when tropical fruit is hand-picked and 
graded based on the producer's experience and intuition, 
the quality is uncertain. To ensure sales of high quality 
pineapples, it is necessary to employ nondestructive 
quality detection and sorting based on the internal qual
ity of the fruit. The possibility of sorting pineapples 
using Near Infrared Spectroscopy (NIR) to determine 
sugar content and acidity, the main quality determinants, 
was studied. 

Materials and Methods 

Materials 

One-hundred-and-forty sound pineapples (Ananas 
comosus L.: cv. N 67-10) harvested in Higashi-son, 
Okinawa Prefecture during June-July 1992 and 40 
sound mangoes (Mangifera indica L.: cv. Irwin) were 
selected and transported by air at normal temperatures to 
Hamamatsu, Shizuoka Prefecture and used for the 
experiments. Tables I and 2 give the main physical 
characteristics of the experimental fruit. 

Measurement of the infrared spectrum 

A Nireco model 6500 near infrared spectrophotome
ter was used to measure the infrared spectrum. The 
pineapple was placed so that thc light beam was at right 
angles to the surface of the fruit, which was covered with 

* FANTEC Institute. 630 Sasagasl'. lIamamatsu. Shizuoka. 
435 Japan. 

t University of the Ryukyus. 1 Senbaru. Nishihara. Okinawa. 
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a black cloth to avoid the influence of external light. A 
specific spectrum irradiated onto the sample and the 
reflected light from the centre section of the sample was 
sent to the detector and the absorbance measured. Four 
places were chosen along the equator of the fruit as the 
testing areas and the near infrared beam was irradiated 
at 2 nm intervals from 4{X) to 2500 nm onto the sample 
and the average absorbance measured. This was 
repeated 50 times. 

Table 1. Average values and standard deviations of the 
shape and components of pineapples 

----------------------------------_.------
Components Average S.D. 

Mass (g) 1275.70 58.70 
Width (mm) 114.20 3.50 
Height (mm) 142.70 7.70 
Sugar content (Brix) 14.08 U9 
Acidity (mg!l00 mL) 3.02 0.12 
Hardness of peel (kg) 3.18 0.32 
Hardness of flesh (kg) 1.30 0.15 

Table 2. A vcrage values and standard deviations of the 
shapes and components of mangoes 

Components Average S.D. 

Mass (g) J I 1.90 31.60 
Width (mm) 68.90 2.50 
Height (mm) 105.10 3.50 
Sugar content (Brix) 12.30 1.80 
Acidity (mg/lOO mL) 0.65 0.08 
Hardness of peel (kg) 1.11 0.1 I 
Hardness of flesh (kg) 0.42 0.06 

Measurement of the sample components 

Hardness of peel and flesh, and the sugar content and 
acidity were measured. A fruit hardness tester was used 
to measure the hardness or the peel in the same area as 
the near infrared spectrum was determined. The flesh in 
the area used to measure the ncar infrared spectrum was 
excised, and the juices squeezed out by hand. An Atago 
model PR-I digital refractometer was used to measure, 
as sugar content, the soluble solid content. A Touwa
denpa model AT-IOO fruit acid meter was used to 
measure the acidity of juice, as citric acid. 



Determination ofthe calibration eurve 

The calibration curve was determined by using the 
secondary differentiated spectrum to find a correlation 
between the value of each component and each peak in 
wavelength. After detemlination of the primary wave
lengths, the highest correlations were calculated using 
multiple regression analysis with the variable additional 
method. The calibration curve was determined from four 
wavelengths. The following is a model equation of the 
calibration curve that estimates the S (0/0) of each com
ponent: 

s ~ KO + K I d20D(A I) + K2dcOO(l,2) + K3(J20D(A3) 
+ K4d20D(M) (I) 

where KO, Kl, ... arc regression variables, (POD is the 
secondary differentiated spectrum absorbance, AI. A2, 
... indicate each wavelength 

Measurement urthe distribution in internal quality 
ora fruit 

The crown side was defined as 'up', the pineapples 
divided into upper, middle, and lower sections, and the 
core and peel separated. In order to assess the distribu
tion in internal quality of the pineapples, sugar content 
and acidity were measured. 

Results and Discussion 

The coelTicient of multiple regression (MR) for the 
sugar contcnt of pineapplcs, as shown in Table 3, was 
0.825 using 4 specific wavelengths, while the standard 
error of the estimated value was 0.822; for the acidity. 
thc cocfficient of mUltiple regression was 0.686, while 
the standard error was 0.107. For the hardness of the 
pcel, the coefficient of multiple regression was 0.460 
and the standard error was 0.314 and the coefficicnt of 
multiple regression was 0.568 and the standard error 
was 0.135 for thc hardncss of thc tlcsh. 

The coefficient of multiplc regrcssion for sugar con
tent of mango fruits, as shown in Table 4, was 0.954, 
while the standard error of the estimated sugar content 
was 0.363. For the acidity, the coefficient of multiple 
regression was 0.856 and thc standard error was 0.104. 
For hardness of peel, the coefficient of multiple regres
sion was 0.949 and the standard error was 0.319. The 
coefficient of multiple regression was 0.920 and the 
standard error was 0.135 for hardness of flesh. 

On the basis of these results. it can be concluded that 
Ncar Infrared Spectroscopy (NIR) of pineapples and 
mangoes has potential for dctcrmining the sugar content 
by nondestructive measurement of the inner quality, but 
that further studics arc needed on thc other components. 
The distribution of internal quality in tcrms of the por
tion of the fruit is shown in Table 5. It can be seen that 

Table 3. Results of multiple regression analysis of some quality indices of the pineapple and the near infrared spectrum 

Quality index Specific wavelength (nm) MRa SEh 

Sugar contcnt (Brix) <)on 
Acidity" (Illg! I 00 mL) 526 
Hardness of peel(kg) 668 
Hardness oftlesh(kg) 2280 

a MR: coefficient of multiple regression. 
h SE: "Idnuard error in estimated \'aluc 

C Acidity' as citric acid. 

A2 

696 
878 

2134 
I !40 

A} 

1200 
2338 

450 
614 

/,4 

1138 0.825 0.822 
716 0.686 0.107 
664 0.460 0.314 
772 0.568 0.135 

Table 4. Results of multiple regrc"ion analysis of some quality indices of mango fruits and near infrared spcetrum 

Quality index 

AI 

Sugar contcnt( Brix) I09R 
Acidity" (rng/iOO mL) 620 
Hardness of peel(kg) 172'1', 
Hardness of Ilesh(kg) 22<)); 

a NIR: c~fficjent of multiple regression. 
l) SE: standard error in e .... rimated value. 

r Acidity as citric acid. 

Specific wavelength (nm) 

A2 A3 

876 2418 
832 1498 

2462 1018 
2436 1230 

386 

MR" SEh 

M 

22')() 0.954 0.363 
1668 0.856 0.104 

6<)() 0.949 0.319 
174~) 0.920 0.135 



the lower portion of the core contained the highest sugar 
content and the lower portion of the peel was lowest, 
\vhile the centre portion had an average sugar content. 
The centre portion also showed average acidity, 

Table 5. Distribution of sugar content and acidity according 
to the portion of the pineapple 

Portion Sugar content Acidity 
(Brix) (mg/IOOmL) 

Upper portion of the peel 11.633 1.979 
Upper portion of the core 12.0()() 1.929 
Middle portion of the peel 14.3CX) 2.097 
Middle portion of the core 14.267 2.013 
Lower portion of the peel 14.7CX) 1.9Rg 
Lower portion of the core 15)mO 1.974 
Total average 14.078 2.019 

3S7 

Conclusion 

The results of this analysis suggest that it may be feasi
ble to use NIR for measuring internal quality of pineap
ple and mango. 
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Distribution of Minerals in Alphonso Mango during 
Ripening 

K. Hari Babn and Shanthakrishnamnrthy* 

MINERAL analysis has been used to predict the suscep
tibility of fruits to physiological disorders (Perring 
1986). The influence of fruit minerals on keeping qual
ity and postharvest physiological disorders is well 
known in apples, pears, and other temperate fruits, but 
little is known on their effects in mango. It is now rec
ognised that the mineral nutrient status of the fruit 
during ripening is a major factor in postharvest storage. 
Although the calcium content of Alphonso mangoes 
with a postharvest ripening disorder known as 'spongy 
tissue' has been shown to be lower than in healthy fruit, 
there have been no studies of the the mineral composi
tion of fruit during ripening, the object of the study 
reported here. 

Materials and Methods 

Healthy, ripening fruits were selected for mineral anal
ysis in two consecutive years (1991 and 1992). Calcium 
(Ca), potassium (K), sodium (Na). and phosphorus (P) 
were determined using the fruit at edible ripe stage (9 
days after harvest). They were estimated in peel and six 
different regions of pulp tissues as indicated in Table I. 
The peel and pulp of the six regions were collected from 
10 fruit in each replicate for three replications. Samples 
were cut into small pieces, mixed well. and representa
tive samples weighed and then dried to a constant 
weight in a hot-air oven at 70±2°C for 48 hours. The 
dried samples were subjected to wet digestion and used 
to estimate concentrations of the four minerals. Estima
tion of Ca, K, and Na was by Elico Flame Photometer 
(Model L-22A). P was measured using a Spectronic 
Model 1201. 

Results and Discussion 

Measured concentrations ofCa, K. Na, and P in the peel 
and six different pulp regions of Alphonso mango fruit 
are give in Table I. In general it was observed that 
mineral concentrations were higher in the peel than in 
the pulp. Within the pulp, mineral composition varied 
between the regions selected. 

It was observed that the basal part of the pulp tissues 
had the highest Ca concentration, followed by middle 

* IIHR. Division of Post Harvest Technology, Hessaragatta 
(Post). Bangalore. India, Pin 560 089. 
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and apical portions of the pulp. Further, the pulp closest 
to the peel contained more Ca than pulp close to the 
endocarp. A similar trend was observed by Gun jate et al. 
(1979), who also reported that the occurrence of spongy 
tissue in the apical part of the pulp nearest the endocarp 
was maximal at low Ca concentrations. 

The highest K concentrations were recorded in pulp 
tissues in the middle of the fruit. This suggests that the 
relative concentrations of K in different parts of the pulp 
are the opposite to those of Ca. Both Rangwala (1975), 
who studied spongy tissue of Alphonso mango, and 
Burdon et al. (1991), who investigated softnose-alTected 
tissue of Beverly mango, observed higher K and lower 
Ca concentrations associated with these disorders. This 
suggests that K may also have an important role in 
development of spongy tissue. 

It was observed that pulp tissues close to the peel had 
a higher Na content than those close to the endocarp, but 
there was no definite trend in concentrations observed 
between the different portions of the pulp, namely basal, 
middle, and apical parts of the fru it. 

Higher P concentrations were found in pulp tissues in 
the middle part of the fruit, followed by pulp tissues in 
apical and basal regions. Further, lower P contents were 
recorded in pulp ncar the peel than the pulp near the 
endocarp. Overall, it was observed that the pulp tissues 
close to the endocarp had higher amounts of K and P 
with low Ca levels, which correlates with conditions 
conducive to occurrence of spongy tissue reported by 
Subramanyam et al. (1971), Rangwala (1975), and 
Shanthakrishnamurthy (1981). 
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Table I. Distribution if minerals (Ca. K, Na, and P) in Alphonso mangoes during ripening 

Tissue Calcium (mg/g DW) Potassium (mg/g DW) Sodium (mglg DW) 

1991 1992 1991 1992 1991 

Peel 109.0 liD 772.0 797.0 42.4 
xI 75.0 78.1 604.0 614.0 35.8 
x2 53.8 52.1 636.0 648.0 34.7 

YI 65.7 62.7 680.0 652.0 41.1 

Y2 53.2 41.4 691.0 684.0 38.1 
zi 52.7 56.4 576.0 603.0 38.4 
z2 38.8 39.3 620.0 631.0 39.7 
Mean 64.0 63.9 654.0 616.0 38.6 
SEM± 1.20 0.99 4.87 4.10 0.48 
CDat5% 4.57 3.77 18.54 15.61 1.82 

x I and x2 are outer (near pee\) and inner (near endocarp) pulp tissue from Ihe basal part of Ihe fruit. 
Y I and Y2 are outer (near pee\) and inner (near endocarp) pulp tissue from the middle part of the fruit. 
zi and z2 are outer (near peel) and inner (near endocarp) pulp tissue from the apical pari "fthe fruit. 
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1992 

23.1 
19.6 
18.6 
20.1 
19.2 
19.8 
18.6 
19.8 
0.35 
1.33 

Phosphorus (mg/g DW) 

1991 1992 

156.8 147.9 
94.6 87.4 

127.2 122.2 
130.8 128.3 
150.9 141.2 
116.1 108.2 
140.8 116.4 
131.0 121.7 

US 1.05 
5.18 3.99 



Effect of Calcium on Physicochemical Changes in Alphonso 
Mango during Ripening and Storage 

K. Hari Babu and Shanthakrishnamurthy* 

ALPHONSO is one of the most popular mango varieties 
grown in India. The marketing potential for mangoes is 
limited due to their high perishability. Under tropical 
ambient conditions fruits ripen rapidly after harvest at 
the green-mature stage, become soft in texture and are 
predisposed to injury. Appropriate technology to extend 
the shelf life and reduce postharvest losses of mangoes 
is therefore required. The possibilities for low tempera
ture storage are limited by the high capital cost and sus
ceptibility of mangoes to chilling injury at temperatures 
below 15°C (Shanthakrishnamurthy and Joshi 1989). 
Modified atmosphere storage of mangoes is also limited 
by high incidence of rot, fernlented odours, and internal 
breakdown of fruit (Gautam and Lizada 1984). Calcium 
(Ca) is known to be an essential plant nutrient involved 
in a number of physiological processes concerning 
membrane structure and function, and enzyme activitys 
(Jones and Lunt 1967). Ca compounds have shown 
promise in the quality retention of fruit and vegetables 
through maintaining firmness, reducing respiratory rate 
and ethylene evolution (Pooviah 1986), and decreasing 
storage rots (Conway and Sams 1984). The present 
study was undertaken to investigate the effect of pre
and postharvest Ca treatments on various physicochem
ical changes and shelf life of Alphonso mangoes during 
ripening and storage. 

Materials and Methods 

Pre-harvest calcium chloride (CaCI 2 ) sprays were 
applied to Alphonso mango trees in the orchard of 
I.I.H.R., Hessaragatta, Bangalore during 1992. CaCl2 
solutions containing 5000 and 10000 ppm calcium con
centrations were sprayed at 5 intervals on 5 trees per 
treatment. The first spray was applied 15 days after fruit 
set followed by second and third sprays of fortnightly 
intervals. forty-five days after fruit set two more sprays 
were applied at monthly intervals. Teepol at 0.1 % was 
used as a surfactant. The trees were sprayed until drip
ping. Fruit were harvested 110 days after fruit set. Lots 
of 20 fruits in 3 replications were prepared and used for 
postharvest dip treatments in CaCI 2• These were made 
by infiltrating under vacuum (250 mm Hg) for 5 min
utes. Pre- and postharvest Ca-treated fruit were stored at 

* I1HR, Division of Post Harvest Technology. Hessaragatla 
(Post). Bangaiore. India, Pin 560089. 

ambient temperature (28 ± 2°C) and relative humidity 
(40-60%) and various physicochemical parameters 
estimated during ripening and storage. An Instron 4201 
meter was used to measure firmness; total soluble solids 
(OBrix) were estimated with an Erma hand refractrome
ter; and chemical constituents (acidity, reducing and 
total sugars, starch, and carotenoids) were estimated 
following the procedures suggested by Ranganna 
(1986). 

Results and Discussion 

It was observed that untreated fruit had maximum phys
iological loss of weight - PL W (18.13%) as compared 
with both pre- and postharvest Ca-treated fruit, 19 days 
after harvest (Table I). Among all the treatments, the 
fruit infiltrated with 4% CaCI2 showed minimum PL W 
(12.61%). Minimum PLW has been reported in fruit 
sprayed with pre-harvest CaCl2 in Amrapali (Singh et al. 
1987) and in Julie mangoes (Mootto 1991). 
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At harvest, the mean fruit firmness with (16.81 kg/ 
cm2) and without (10.34 kg/cm2) peel was much lower 
in control fruit with (1.97 kg/cm2) and without (0.59 
kg/cm2) peel at 15 days after harvest, whereas fruits 
infiltrated with 4% CaCI2 showed maximum firmness 
both in fruits with (3.98 kg/cm2) and without peel (1.81 
kg/cm2 ) even at 19 days after harvest. This was prob
ably due to added calcium in the peel and pulp helping to 
maintain the structure and function of cell walls. Similar 
results on retention of firmness by calcium treatment 
were also reported in apples by Poovaiah (1986). For
mation of calcium pectate by added Ca, a substance not 
readily available to pectic acid degrading enzymes, was 
reported by Bangerth (1979). 

The initial mean titratable acidity of fruit pulp was 
3.92%. This fell to a minimum of 0.17% 15 days after 
harvest in control fruits. Among the treated fruit, maxi
mum acidity (1.81 %) was recorded in fruit infiltrated 
with 4% CaCl2 while minimum acidity (0.76%) was 
recorded at 15 days after harvest in fruit treated with 
10000 ppm Ca as a preharvest spray. Higher acidity 
following CaCl 2 treatment either as a preharvest spray 
or postharvest dipping in Amrapali mangoes was 
reported by Singh et al. (1987). Tirnlazi and Wills 
(1981), however, observed no difference in acidity 
levels of 'Kensington Pride' mangoes following post
harvest dipping with CaCI2. 



Table 1. Effect of pre- and postharvest calcium treatments on physicochemical changes in i\ Iphonso mango during ripening 
and storage 

Treatments Physiological loss of wI. Firmness with peel (16.81 a) Firmness without peel (10.34") 
(%) (kg/cm2) (kg/cm2) 

Days after harvest Days after harvest Days after harvest 
6 9 12 19 6 10 15 19 6 10 15 19 

T" I 5.75 10.66 13.81 18.13 7.38 4.38 1.97 6.07 2.05 0.59 
T2 4.21 8.76 11.77 15.43 9.33 5.77 3.59 2.11 6.70 2.80 0.87 0.34 
T, 4.05 8.39 11.24 14.46 11.62 5.94 4.29 2.17 7.17 3.42 1.19 0.57 

T4 2.91 no 10.49 13.55 13.34 7.85 5.24 :uo 7.88 4.44 2.02 1.14 
T5 2.85 6.79 9.43 1288 14.81 8.57 5.77 3.66 8.49 5.59 2.29 1.44 
T6 2.72 6.43 9.23 12.61 15.57 9.57 6.31 3.98 8.96 6.59 2.62 1.81 

a Initial values 

bTl is control. T 2 and TJ arc- prchan'cs\ sprays with 5000 and 10000 ppm ea and T 4, T5 and T6 an:' vacuum infiltrations with 2.0, 3.0, and 4.0% 
CaCI2 solutions respect ive Iy. 

Table 2. Effect of pre- and postharvest calcium treatments on physicochemical changes in Alphonso mango during ripening 
and storage 

Treatments Total titratable acidity (3.92") Total soluble solids (9.33") Reducing sugars (1.16") 
(%) (OHrix) (%) 

Days after harvest Days after harvest Days after harvest 
6 10 15 19 6 10 15 19 6 10 15 19 

Tlb 2.15 0.79 0.17 16.71 18.57 16.73 2.29 3.75 3.13 
T2 2.45 1.26 0.85 0.25 15.42 17.47 19.09 17.63 2.06 3.37 4.51 3.96 
T, 2.65 1.72 0.76 0.34 14.48 17.93 20.54 18.83 I)U 3.47 4.79 4.21 
T4 3.16 2.16 1.44 0.73 12.62 14.80 17.57 16.55 1.72 3.24 3.72 3.20 
T5 3.31 2.52 1.63 0.89 11.49 15.35 17.87 16.97 1.56 3.04 3.79 3.54 
T6 3.54 2.93 1.83 1.02 11.08 15.05 18.21 17.63 1.32 2.82 4.09 3.69 

a Initial values 
bTl is control. T 2 and T j are prcharvt'st "prays \\'ifh 5000 and 10000 ppm ea and T 4, T5 and T6 are vacuulll infiltrations with 2.0, 3.0, and 4.0% 

CaCI2 solutions respeel iw I;. 

Table 3. Effect of pre- and posthavest calcium treatments on physicochemical changes in Alphonso mango during ripening and 
storage 

Treatment Total sugars (2.11 il) Starch ( 14.0 I a) Total carotenoids (1411") Shelf 
(%) (%) (!Jg/ 100g) life 

(days) 
Days after harvest Days after harvest Days after harvest 

6 10 15 19 6 10 15 6 10 15 19 

Tlb 10.29 14.74 Ll.64 4.50 0.79 0.04 ~404 16449 17785 12 
T2 8.63 13.24 15.24 14.08 5.76 l.10 0.08 6509 14641 l~n64 18480 14 
T, 8.43 13.64 16.33 J 5.35 6.46 1.43 0.15 6230 15930 19212 19222 15 
T4 5.55 J 1.23 J 4.03 13.25 6.53 2.00 0.74 4648 12666 17785 17435 17 
T 5 4.99 10.63 14.42 13.71 7.72 2.38 0.85 3766 11052 16723 16980 19 
T6 4.53 8.71 14.69 13.90 8.38 2.62 0.91 35_,3 %71 16430 16632 20 

a Initial values 
bTl is control. T 2 and T3 are preharvesl sprays with 5000 and 10000 ppm Ca and T:j • To and T6 are vacuum infiltrations with 2.0. 3.0. and 4.0% 

CaCI2 solutions re'pectively. 
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Maximum TSS content (20.54 °Brix) was recorded in 
fruit sprayed with \0 000 ppm Ca, while the minimum 
TSS (16.73 °Brix) was recorded in control fruit 15 days 
after harvest. It was observed that the rate of increase in 
TSS content was more rapid in control fruit than in fruit 
infiltrated with CaCI2 This indicated that calcium treat
ments delayed ripening. These results agree with those 
of Kumar and Chauhan (1989) in Kinnow mandarin, 
where TSS content increased more rapidly in control 
than Ca-treated fruit. 

Reducing and total sugar content increased during 
postharvest storage in both control and Ca-treated fruit 
(Table 2). Maximum reducing (4.79%) and total 
(16.33%) sugar contents were recorded 15 days after 
harvest in fruit treated with pre-harvest sprays of 10000 
ppm CaC 12, whereas minimum reducing (3.13%) and 
total (13.64%) sugars were recorded in control fruit. 
This increase in sugar content may be the result of the 
conversion of starch to sugar. 

The initial mean starch content of 14.01% in 
untreated fruit fell to 0.04% after 15 days of storage. The 
degradation of starch was more rapid in control fruit 
than in those infiltrated with CaCI2 (Table 3). The rate 
of degradation was further retarded by increasing the 
concentration of CaCI2 used for infiltration. 

Higher total carotenoid contents (19 212 ~/l 00 g in 
10000 ppm and 18 3641-4V 1 00 g in 5000 ppm Ca) were 
recorded in fruit treated with preharvest Ca sprays as 
compared with control fruit (17 785 ~/I 00 g) at 15 days 
after harvest. However, the fruit treated with postharvest 
CaCI2 infiltration showed lower carotenoid contents 
than both control and preharvest Ca-treated fruit (Table 
3). Also the rate of increase in carotenoid content was 
higher in control fruit than in fruit infiltrated with CaCI 2. 

Similar results on reduced carotenoid content in Ca
treated Dashehari mangoes have been reported (Anony
mous 1991). 

The shelf life of untreated fruits was 12 days, as com
pared to 14-15 days in fruit treated with Ca as a prehar
vest spray. Fruits infiltrated with 4% CaCI 2 recorded the 
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maximum shelf life - 20 days - followed by 2 and 3% 
CaCI 2 treatments with 17 and 19 days, respectively. 
Increased shelf life of 10 days in Julie mangoes follow
ing postharvest CaCI2 dips was reported by Mootto 
(1991). 
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A Low-cost Cool Chamber: an Innovative Technology 
for Developing Countries 

Susanta K. Roy and R.K. Pal* 

STORA(;E of fresh tropical fruits after harvest is a press
ing problem in developing countries such as India. A 
large quantity of fruit goes to waste in developing coun
tries because of lack of adequate storage facilities. India 
is the second largcst producer of fruit in the world with 
annual production estimated at 28 Mt, roughly 8% of 
world production. Nearly 80% of fruit production in 
India is of tropical fruits, the most important being 
mango (31 %) and banana (26o/r,). It is estimated that 
30-40% of fruit produced is lost owing to inadequate 
postharvest handling and processing facilities. This 
results in a monetary loss of about US$I Ooom. 

Current cool storage relics on mechanical refrigera
tion, which is energy intensive, expensive, and difficult 
to install. An Expert Consultation on Food Loss Pre
vention in Perishable Crops held at FAD, Rome, in May 
1980, recommended use of simple, low-cost cooling 
systems based on evaporative cooling for storage of 
fruits and vegetables (Anon. 1982). In view of the cur
rent energy crisis and lack of sufficient cool storage 
space in most of the developing world, an attempt was 
made to develop a low cost evaporativel; cooled system 
suitable for storage of tropical fruits. 

Materials and Methods 

Small, zero-energy cool chamber 

A zero-energy cool chamber (I m x 0.5 m x 0.5 m) 
was developed at JARI, New Delhi using locally availa
ble materials: bricks. sand, bamboo, dry grass, jute 
cloth, etc. This is a chamber designed for on-farm use 
which operates on the principle of evaporative cooling. 
The chamber is an above-ground, double-walled struc
ture made of bricks. The cavity of the double wall is 
filled with river sand. The lid is made from dry grass or 
straw on a bamboo frame. A rise in relative humidity and 
a fall in temperature of I 0-15°C below ambient could be 
achieved by watering the chamber twice a day (Roy and 
Khurdiya 1986). 

Large eool chamber 

A large cool chamber (2.5 IT1 x 2.5 m x 2.5 m) has 
been constructed, also with double brick, sand-filled 

* Division of Fruits and Horticultural Technology. Indian 
Agricultural Research Institute, New De[hi [[00[2. India. 
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cavity walls. The bottom of the chamber is provided 
with four ducts, one from each wall, meeting at the 
centre. The floor of the chamber is made of wooden 
planks with holes at the periphery providing for entry of 
fresh outside air. The top of the chamber is made of 
metal sheeting with an exhaust fan at the centre. A 
chimney is alsu provided. The wall is watered from the 
top, through perforated pipes inserted into the cavity. 
The ducts at the base arc submerged in wet sand (Roy 
1984). Observations on the temperature and relative 
humidity were recorded daily u,ing standard instru
ments. 

Storage oftropieal fruits 

As part of these experiments mangoes, bananas, 
guavas, and limes were stored at New Delhi, while 
sapota was stored in Bangalore and annona in Faizabad 
(U.P. ) in the small zero-energy cool chamber. Periodic 
observations on physiological loss in weight (PL W) 
were made. The shelf life of fruits was determined on the 
basis of lO(k loss offruits during storage. 

Results and Discussion 

The small, zero-energy cool chamber was found to have 
maintained a relatively low temperature compared with 
ambient temperature with approximately unifoml dif
ference between the maximum and minimum tempera
tures throughout the year. The large chamber yielded 
similar results (Fig. 2), but the small, zero-energy cool 
chamber was found to be more effective in reducing 
temperature. In contrast, there were wide tluctuations in 
ambient maximum and minimum temperatures (Fig. I). 
Figure 3 shows that the maximum relative humidity in 
the small, zero-energy cool chamber was maintained 
above 90% for most of the year, whereas ambient 
humidity tluctuates Wildly. The larger chamber main
tained relative humidity above ~()(k (Fig. 4). This diver
gence could be due to the difference in surface to 
volume ratio. The resu Its of the storage study of some of 
the important tropical fruits in the small, zero-energy 
cool chamber at different agroclimatic locations of India 
are presented in Table I and Figure 5. 

It is evident from Table I that the shelf life of tropical 
fruits held in the cool chamber was increased by 2 to 14 
days, as compared to storage at room temperature. The 
physiologiealloss in weight (PLW) was also found to be 



lower in cool chamber-stored fruit. reductions ranging 
from 2'7< in bananas to I 9 'X, in limes. Percentage 
increase in shelflife ranged from 15 to 127'/". depending 
on the commodity (Fig. 5). These results are similar to 
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Figure I. Fall in temperature due to evaporative cooling in 
smal!. zero-energy cool chamber 
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Figure 2. Fall in temperature due to evaporative cooling in 
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those obtained in earlier studies on storage of other fruits 
and vegetables in evaporatively cooled chambers (Pal 
and Roy 1988; Anon. 1991; Roy and Pal 1989. 1991; 
Roy ct al. 1992; Waskar and Roy 1(92). 
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Tahle I. Eflicacy of a zero- energy cool chamhcr for storage of trorical fruits. 

Crop 

Mango Uvl([ngijira indiCil L.) Var. Baneshan 

Banana mature green (A1usa aculllinllto) 
Var. DwarfCavcndish 

Guava Tllaturc green (FsidiuflI guojara) 
Var. Allahabad Sakda 

Sapota (!\chrus :(1)(110 L.) Var. Kalipatti 

Lime (Cilrus <lurilf/Ii!oiiil) Var. Kagzi 

Aonla (!:'lIIhiica ojiicil1<1iis Gaertn.) Var. Chakaiya 

a PL\V = Phy"iologicallo'-." in weight 

Cool chamber 

Shell' life PLW" 
(days) ('X) 

9 5.04 

20 2.50 

15 4.00 

14 9.46 

25 6.00 

18 1.72 
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Room temrerature 

Shell life PLW 
(days) ('Ii) 

6 14.99 

14 4.XO 

10 13.6_, 

10 20)17 

11 25.00 

9 S.70 
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Figure 5. Percent increase. compared with storage at room 
temperature. in shelf life of fruits stored in a cool 
chamber. 

Conclusions 

Cool chambers developed at the Indian Agricultural 
Research Institute, New Delhi, based on the principle or 
evaporative cooling, were ideal ror short-term storage or 
fruits and vegetables. Moreover, the chambers arc easy 
to build using locally available resources. Besides stor
ing fruits and vegetables these chambers may also be 
used for growing mushrooms, storing bio-rertilizers and 
short- term storage of milk. 

References 

Anon. 1982. Agriculture Service Bulletin No. 43. Rome. Food 
and Agricultural Organization. 

395 

-- 1991. Annual Report. Indo-USAID sub project on post har
vest technology of horticultural crops. New Delhi. Indian 
Council of Agricultural Research, Division of Fruits and 
Horticultural Technology. 

Pal. R.K. and Roy. S.K. 1988 . Zero-energy cool chamber for 
maintaining post harvest quality of carrot (Daucus carrola 
L.). Indian Journal of Agricultural Sciences. 58. 665-667. 

Roy, S.K. 1984. Post harvest storage of fruits and vegetables in 
a specially designed built in space. In: Proceedings interna
tional workshop on energy in building. 2-7 April 1984. 
Roorkee. India. Central Building Research Institute. 

Roy. S.K .. Chakrabarti. A.K. and Pal. R.K .. ed. 1992. Final 
report on Indo-USAID sub project on post harvest technol
ogy of fruits and vegetables (Oct. 1985-Mar. 1991). New 
Oclhi. Indian Council of Agricultural Research, 278 p. + 
appendix. 

Roy, S.K. and Khurdiya, D.S. 1986. Studies on evaporatively 
cooled zero energy input cool chamber for storage of horti
cultural produce. Indian Food Packer, 40(6), 26-31. 

Roy, S.K. and Pal, R.K. 1989. A low cost zero energy cool 
chamber for short term storage of mango. Acta Horticultu
rae. 291,519-524. 

- 1991. Multilocational studies to reduce post harvest losses 
during harvesting, handling. packing and transportation of 
mango in India. Acta Horticulturae, 291,499-524. 

Waskar. D.P. and Roy, S.K. : 992. Post harvest ripening 
changes in banana: a review. Agricultural Reviews, 13( I ), 
36-42. 



Effect of Low Temperatures on Storage Life and Quality 
of Car am bola (Averrhoa carambola L.) cv. B17 

Rohani Md Yon and Mohd Yunus Jaafar* 

THE carambola or starfruit (Averrhoa carambola L.) is 
a popular dessert fruit in Malaysia. In recent years it has 
gained popularity as an export commodity, with B 17 the 
main commercial cultivar. B 17 fetches a higher price in 
local markets. There is potential for this cultivar to be 
developed as an export commodity since the tlavour and 
taste of its fruit are highly acceptable to consumers. 

Since carambola fruit are non-climacteric (Oslund 
and Devenport 1981; Lam and Wan 1983) they have to 
be harvested at a time that will maintain the sweetness 
of the fruit. Studies by Siti Halijah and Md. Yunus 
(1992) indicated that the fruit can be harvested at 11-13 
weeks after fruit set. 

There have been a number of studies on low temper
ature storage of carambola (Oslund and Devenport 
1981; Lam 1983; Lam and Wan 1983; Wan and Lam 
1984; Kenny and Hull 1986; Campbell et al. 1987), but 
none involving the B 17 cultivar. The main objective of 
the study reported here was to determine the storage 
potential of the B 17 cultivar. The effects of low temper
atures on the quality and storage life of the fruits were 
also investigated. 

Materials and Methods 

The carambola were obtained from a commercial farm 
in Raub, Pahang, 180 km north of Kuala Lumpur. Bag
ging was carried out when the fruit were about 5-6 cm 
long (about a month after fruit set) to prevent fruit tly 
attack. Bagging also helped to give the fruit an attractive 
glossy appearance. 

The fruits were harvested at 10, II, 12, and 13 weeks 
after fruit set and brought back to the Food Technology 
Research Center where the storage studies were con
ducted. At each harvesting date, fruit with predominant 
colour grade were selected and randomly alloted to 4 
replicates with 10 fruits per replicate. Each replicate of 
fruit was then placed into a corrugated fibre-board box 
lined with perforated polyethylene bag. The boxes were 
stored at 5,10, 15, and 20°C and removals were carried 
out every fortnight until the fruit were senescent or dis
eased. At each removal, half the fruit were also placed 
at ambient temperature (28°C) for a week to determine 

* Malaysian Agricultural Research and Development Institute 
(MARDI), GPO Box 12301. 50744 Kuala Lumpur. Malay
sia. 
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quality of fruits after storage at low temperature. A ran
domised complete block design with harvest and stor
age temperature combinations forming the blocks 
(Cochran and Cox 1957) was employed in data collec
tion. 

The changes in skin colour, fimmess, and develop .. 
ment of disease were recorded. For skin colour, the 
changes were recorded using a scoring system where I 
= green, 2 = light green, 3 = yellowish green, 4 = more 
yellow than green, 5 = more orange than yellow, and 6 
= full orange. 

Firmness of the fruit was determined by puncture test 
using an Instron 1140 machine. The puncture test was 
carried out using the 7 mm diameter Magness Taylor 
probe which was driven into the horizontal surface of the 
fruit until punctured. The machine was operated using a 
cross-head speed of 50 mm/min and a chart speed of 500 
mm/min. 

Changes in disease development were also recorded, 
using a scoring system where 0 = no disease, I = < 25% 
of fruit affected, 2 = 25-50% of fruit affected, and 3 = > 
50% of fruit affected. 

The fruits were analysed for pH, percentage of total 
soluble solids (TSS), total titratable acidity (TT A), and 
total sugars (TS). 

The pH was determined by blending whole fruit at 
room temperature; readings were taken using an Orion 
digital pH meter model SA520. TSS of the expressed 
juice of the whole fruits was measured using an Atago 
digital refractometer (0-32° Brix). TTA was determined 
by titrating a known weight of blended fruit sample to 
pH 8.1 with 0.1 N NaOH and the results expressed as 
percentage of oxalic acid (Lam 1983). Total sugars were 
analysed by the method of Lane and Eynon (AOAC 
1975). 

Analysis of variance and Duncan's Multiple Range 
Test were performed on data (Gomez and Gomez 1984; 
Steel and Torrie 1980). Correlation analyses were also 
perfomled on the data to determine the relationship 
between the varieties. The SAS procedures were utilised 
for data analysis using a mainframe computer (SAS 
Institute 1985). 

Results 

The results indicated that there were significant changes 
in the physical attributes of B 17 carambola during stor-



age. These changes were greatly influenced by fruit 
maturity. the storage period. and temperature during 
storage. Table I shows the relationship between these 
changes. There was a highly significant correlation 
between fruit maturity and colour development of the 
fruit. There were differences in the colour of the fruit 
since harvesting was done at different maturities and 
various colour indices. As the fruit matures. its colour 
changes from green to full orange (Siti Halijah and Md 
Yunus 1992). However, during storage at the various 
temperatures significant colour changes also developed 
(Table 2). When the fruit were stored at SoC the changes 
were slow. For fruits that were harvested at IO and II 
weeks after fruit set the change in colour developed after 
2 weeks storage, following which there was no further 
change in colour. For fruits harvcsted at 12 and 13 weeks 
after fruit set, the changc in colour from yellowish green 
(colour score 3) to more yellow than green (colour score 
4) occurred after 6 weeks storagc. 

Rapid colour change was observed when the storage 
temperature was increased. At Isoe and 200 e the colour 
score changed to about colour score S (more orange than 
yellow) within 2 weeks storage. 

Prolonged storage at the various temperatures also 
affected the fimllless of the fruit (Table 3). This rela
tionship was obscrved to be negatively correlated (Table 
I.) Therc was a decrease in the force needed to puncturc 
the fruit during storage. The fruit lost their firmness 
mainly due to softening of the tissues as the fruit 
ripened. Softening of the ti,sue occurred at all storage 
temperatures but the rate was lower at SoC compared 
with those stored at 10, 15. and 20°C. However, when 
the fruit were harvested at 13 weeks after the fruit set, 
they seemed to be more elastic. especially when stored 
at SoC. There was no significant dilTerence in the firm
ness of the fruit stored at this temperature. After storage 
for 8 weeks there was no significant change in the firm
ness of the fruits. 

The storage life of the fruit was strongly inlluenced by 
the development of diseases. The maturity, storage 
period, and storage temperatures played important roles 
in the development of diseases on the fruits Crable 4). 
More diseases developed as the storage period was 
extended. Diseases also developed faster on younger 
fruit, especially those harvested at 10 and I I weeks after 
fruit set. Fruit harvested at these stages, when stored at 
SoC and lOoC had significant disease development at 4 
weeks storage period. For fruit harvested at a later stage 
(12 and 13 weeks after fruit set) s igni ficant disease 
development was observed only after (, weeks storage. 
At higher temperatures (IS and 20°(,) all the fruits were 
diseased after 2 weeks storage. 

Table 5 shows the correlation matrix of the chemical 
characteristics of the B 17 carambola during storage at 
the various temperatures. This relationship indicated 
that fruit maturity, storage period, and storage tempera-
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Table 1. Corre\atiollmatrix of physical characteristics ofBI7 
caramhola during storage at various temperatures 

Pearson correlalion coefficicntsiprob.>IR!undcr Ho:RHO ~ Oln 

Storage period -D.2834 
0.0001 ** 
2280 

Temp. 0.000 0.000 
1.000 1.000 
2280 2280 

Colour 0.3402 0.0479 0.2939 
0.0001 •• 0.0583* 0.0001 *' 
t560 1560 1560 

Diseases 0.2632 0.:1'1..1 0.2011 0.4959 
0.0001 ** O.OtX)IH O.OO(lI ,. 0.3415 
1560 1560 1560 1560 

Firmness 0.0491 (Uk3, tU2.17 0.0638 -0.07')3 
0.4565 o.om 1 tU)(X) I ** 0.3415 0.2:171 
2.'2 2:12 232 224 224 

Maturity Storage Temp. Colour Disea:-.es 
period 

Table 2. Changes in colour score of B\7 carambola during 
storage at various temperatures 

Maturity Storage 
(weeks) period 

(weeks) 

10 0 
2 
4 
6 

II () 
2 
4 
6 

12 0 

4 
6 
8 

13 0 
2 
4 
6 
8 

2.0a 
2.0a 
2.6b 
2Xh 
2.6b 
3.0a 
3.2a 
l.la 
.3.4a 
3.4a 
3.5a 
3.5a 
.1.3a 
4.0b 
4.lb 
3.6a 
3.8ab 
3.6a 
4.0b 

Temperature tOC) 

to 15 21) 

2.0a 2.0a 2.0" 
2.la 4.Rb 4,(,b 

2.7h 4.8b 
2.7h 
4.0c 
1,(1" 3.0a 3.0a 
3.7b 4.Sb 5.0b 
4.0b 4.Sb 
5Jk 

3.5a 3.5a 3.5a 
3.5a 4.7h 5.0b 
3.% 
4.lb 

3.6a 3.6 3.6 
3.8a 
4.9b 

Mean separation within column. at each maturity hy IlMRT at 5% 
level. Means with the same letter are not significantly different. 

ture significantly affect the chemical changes during 
storage. 

As the fruit matured. there was a decrease in the ITA 
followed by an increase in pH. TS. and TSS (Siti Halijah 
and Mohd Yunus 1992). During storage, however, there 
was an increase in pH followed by a reduction in ITA, 
TSS, and TS (Table 5). 

The pH increased significantly. especially in fruits 
harvested at 10 and II weeks after fruit set Crable 6). 
When the fruit were stored at 5 and I (laC the increase in 



pH was very gradual. Significant changes in pH 
occurred after 2 weeks storage with no changes after 
that. For fruit harvested at 12 and 13 weeks after fruit 
set, significant changes occurred only between 4 and 6 
weeks storage. 

Table 3. Changes in firmness (kg force) of 1317 carambola 
during storage at various temperatures 

Maturity 
(weeks) 

10 

II 

12 

Storage 
period 

(week,) 

o 

4 
6 
8 
a 
2 
-1 
6 
X 
() 

4 
6 
8 
() 

2 
4 
o 

5.51a 
4,49b 
4.IXb 
:UOc 
.i.~5( 

4.(,6a 
4.67a 
4.00b 
4.04b 
3.36e 
4.50a 
4.48a 
3.8411 
3.63bc 
3.1 He 
4.51" 
4.89a 
4.21a 
4.94a 
5.27a 

10 

.'.51 a 
4.2% 
3.7k 
:U6c 
2.77d 
4.66a 
4.12b 
~.)Rc 

2.5()(J 
2.200 
·UO" 
J/)Sb 
3.60b 
2.8Oc 
1.760 
4.5la 
4.28ab 
. '.7% 
_1.XXab 
-l.05ah 

15 

5.51a 
2.65b 
2mb 

4.66a 
2.24b 
L05h 

4.50a 
2.96b 

4.51 a 
2,40b 

20 

5.51" 
2.29h 

4.66a 
1.98a 

4.50a 
0.9% 

4.51a 
1.63b 

Mean separation within column. at each maturity hy DMRT at 5% 
level. Meam~ with the same letter are not significantly different. 

Table 4. Devclopmt'nt of diseases on 1317 caramhola during 
storage at various tL'mpl'raturcs 

Maturity 
(wecbl 

10 

II 

12 

1.1 

Storage 
pcriou 

\.. \\'l:CK.:-,) 

o 
2 
4 
6 
~ 

o 

4 
6 
8 
o 

4 
6 
~ 

() 

4 
6 
8 

O.OOa 
O.OOa 
(nOb 
OSk 
1.07d 
OJJO" 
O.cX)a 
O.37b 
O.8Ck 
a.50b 
O.OOa 
D.OOa 
0.17" 
040b 
O.50b 
O.OOa 
0.06a 
O.OOa 
OB!> 

Temperature ee) 

10 15 20 

O.OOa O.OOa O.OOa 
O.OOa O,r,b 0.70b 
0.60b 2.43c 
1 13,' 
2 .. nd 
IJ.(IOa 0.00" I).OOa 
Ii.O'" l.77b I.),")b 

l . .-:'(lb 2.40c 
1.97c 

O.OOa O.OOa O.OOa 
0.17a l.b7b O.90b 
D.17a 
(J-')Ob 

IWOa O.OOa CWO 

0.0:1" O.S"b 
O.()()a 

Mean separation wilhin column. at each maturity by D\IRT at 5% 
levcl. i\kdns \\ ith the same letter eire not \i~1l1ficantly different. 
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Table 5. Correlation matrix of cht'll1ical characteristics of 
B 17 carambola during storage at various 
tt'mperaturcs 

Pearson correlation u:X?"fficienb/prob.>/Riundcr Ho:RHO = Oln 

Storage 
period 

Temp. 

ITA 

TSS 

pH 

TS 

Table 6 . 

Maturity 
(weeks) 

10 

II 

12 

0.000 
1.000 
,,20 
0.000 0.000 
1.000 1.000 
320 \20 

O.6()9.i 0.1161 0.0289 
O.cX)O I)' 1).0777 0.6615 
232 L12 232 
0.4984 0.4443 0.0860 0.3563 
0.0001*' 0.0001** 0.1920 0.0001** 
232 232 232 232 
0.2039 0.3253 0.1296 0.1310 
0.fJOI8** 0.0001** 0.0487* 0.0017* 0.0462* 
232 212 232 232 212 
0.,693 0.2757-0.1928 -0.2020 O.S093 OJ) 179 
O'c)()()IH 0.0001** 0.0032' O.0020H (UXX)I** 0.7861 
2"2 232 232 212 2.,2 232 

Maturity Stora~e Temp. ITA TSS pH 
period 

Changes in pH of 13 17 carambola during storage al 
variolls temperatures 

Storage 
peflod 

(weeks) 

o 

4 
6 
8 
o 

4 
6 

() 

2 
4 
6 
8 

3.80a 
4.20ac 
4.68be 
4.55bc 
S.05h 
4.05" 
4,4Sb 
4.65b 
4.'iOb 
4.53b 
4.55ab 
4.58ab 
4.65" 
4,40b 
4,45ab 
4.53a 
4.40ab 
4.3~ab 

4,43"b 
4.28b 

Tern[X'ralUl'e ("C) 

10 15 20 

3.80a 3.80a 3.SOa 
4.60b 4.58b 4.6Hb 
4.'Sb 4.h2b 
4,48b 
4.53h 
4.05a -l.1I5a 4.l15a 
4.40b 4.58b 4.05" 
4.53b 4.37h 
4.40b 
4.50b 
4.55b 4.55a 4.55a 
4.91a 448a 4.35a 
4.70ah 
4.o'1ab 
4.65;,1) 
4.Y1ah 4S'a 4.5:'" 
4.50ab 4.05a 4.·10a 
4.53ab 
4.73a 
4,42b 

Mean .... eparalion 'xilhin column. at each malurity 0) DMRT at 5(1'0 

level. Mean\ with the 'arne letter are nOI \ignirll',ult'~ different. 

In general, there was a reduction in the IT A produced 
during the storage period (Table 7) but the changes were 
not significant. 

The TSS significantly declined as the storage pcriod 
was extended (Table X). Significant changes occurred 
after 2 weeks storage at 5 and lODe. At these storage 



temperatures it was observed that the decline in TSS was 
also gradual when compared with those stored at 15 and 
20°e. 

Similar trends were observed in the decline of the TS 
content during storage (Table 9). In younger fruits sig
nificant reduction was observed only after 6-8 weeks 
storage at 5 and IO°e. In more mature fruit (13 weeks 
after fruit set) the total sugar declined after 2 weeks 
storage and became stable after that. An increase In 

temperature also caused rapid reduction in TSS. 

Table 7. Changes in total titratahle acidity (%) of H17 
carambola during storage at various temperatures 

Maturity 
(weeks) 

10 

II 

12 

1.1 

Storage 
period 

(weeks) 

a 
2 
4 
6 

o 
2 
4 
6 

() 

(, 

o 
2 
4 
6 
8 

O.lO" 
0.17" 
0.17" 
0.18" 
0.20a 
0.16a 
0.18a 
0.17a 
0.17a 
0.15" 
0.15a 
0.16a 
0.17a 
0.15a 
0.15,. 
11.11" 
11.15" 
(l.IL! 
11.1·k, 
1I.le" 

Temperature r'C) 

10 

(I.llla 
1I.1~"h 

11.1 ~"h 
0.1 S"b 
0.17b 
0.16a 
O.18a 
0.17a 
0.16" 
0.16a 
0.15" 
O.ISa 
0.15a 
0.14" 
0.13" 
ILI'"h 
0.14"h 
0.15" 
1).11 b 

1I.12"h 

15 20 

O.lOa 0.20a 
O.IRa 0.18a 
0.15b 

0.16a 
0.18a 
0.15a 

0.15a 
0.13a 

1I.1.'a 
O.I"2a 

0.16" 
0.18" 

0.15a 
O.lla 

0.13" 
0.14,. 

Mean separation within colurnn. atl,;tch maturity hy DMRT at 5% 
JeveL Means with the same letter an' Ill)! "i,~llificanlly different. 

Quality of carambola quickly deteriorated when held 
at ambient temperature (28°C). This was demonstrated 
by the development of diseases Crable 10 and I I ). Fruit 
that had been stored for 2-4 weeks at 5 and I (Joe were 
attacked by diseases within 3-5 days storage at ambi
ent. 

At this temperature the senescing fruit seemed to lose 
resistance to disease. At the same time, the appearance 
of the fruit was also less attractive. The colour became 
dull and the fruit beg~lJ1 to lose its firmness. mainly due 
to water loss through the process or respiration and 
transpiration. 

Discussion 

Both the storage Ii IC and qual it y of carambola cv. B 17 

were affected by fruit maturity, storage period, and 
storage temperatures, At 5 and 10°C the storage period 
could be extended to about 4 weeks if the fruit were 
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Table 8, Changes in total soluble solids (OBrix) of BI7 
carambola during storage at various tenlperatures 

Maturity 
(weeks) 

10 

II 

12 

1:1 

Storage 
period 
(weeks) 

0 
2 
4 
6 
8 
0 
2 
4 
6 
~ 

0 

4 
(, 

0 

4 
6 
8 

5 

7.IOa 
7.8~a 

7.45a 
7.~Sa 

7.4Sa 
10.50a 
930b 
X.l):1h 
X.5Xh 
X.55b 

I 1.01" 
IO.50ah 
9.S.1hc 

9.50lx: 
8.8Se 
12,2~a 

10.2Sh 
9.2()h 

9.23b 
9.3Sb 

Temperature ('C) 

10 IS 20 

7.10" 7.10" 7.IOa 
7.15a 7.98h 7.78" 
7.68a 7.60a 
7.55a 
7.00a 

10.50a 10.50a 10.50" 
9.3Sb 10.00 7.68b 
9.2Xb 9.50a 
8.R8h 
8.68h 

11'(l.1a I 1.28a 11.28" 
IO.I)"b 9.00b 8.88b 
'i.Xllh 
8.J.l.c 
7.511c 

12.25.1 12.2Sa 12.25" 
1O.45h 9.S8b 8.38b 
9.5Sb 
8.23c 
7.40c 

Mean ~cpari.ltion within column. at each maturity by DMRT at YX) 
level. Mean~ with the same letter are not significantly different. 

Tahle 9. Changes in total sugar (%) of B 17 carambola during 
storage at various temperatures 

Maturity 
(weeks) 

10 

II 

!2 

1.1 

Storage 
Ix'rind 
(wceh) 

o 

4 
(, 

X 

o 

4 
6 
8 
o 
2 
4 
6 

o 
2 

7.17" 
6.86,. 
h.1 ()a 

6 . .1l>a 
6.2)'-1 
7. __ "~a 

7.6-l" 
7.67a 
7.7Sa 
6 . .1lb 

7.65" 
7.90" 
7.69" 
7.3.1" 
7.I~a 

9.22a 
7.94b 
7(Y)h 

7,.1 7 b 

7.5% 

Tempe-ruture (OC) 

10 15 20 

7.17a 7.17a 7.17a 
(d<6a 5.92b 5.2% 
6.71)a S.IOc 
6 . .14h 
6.06b 
7 .. 18ab 7.38a 7.38a 

7.90" 7 . .1la 6.32a 
738ab 7.IOa 
7.02ab 
6.70b 
7.6Sab 7.65a 7.65" 
8.IOa 7.97a 6.60a 
8.49a 
7.08b 
6.81h 
9.22a 9.22a 9.22a 
8.47b 4.21b 4.4% 
7.90bc 
7.41c 
b.~_~d 

Mean separatioll \\ ilhin column, at ('<tch maluri(y by DMRT at 5% 

ieveL Means with thl' saml' kIter afC 110\ :-.ignilicantly different. 

harvested at 12 and 13 weeks after fruit set. Younger 
fruit (harvested at I () and I I weeks after fruit set) had a 
shorter storage life of about 2 weeks. The storage life 
was strongly influenced by the development of diseases 



(Table 4). The shorter storage life of the younger fruit 
may be due to chilling injury, an environmental effect on 
younger fruit conducive to the growth of microorgan
isms, or that the fruit had lower resistance to diseases 
than the mature fruit (Lam 1903 J. At higher storage 
temperatures (I5 and 20°(,) the fruit could be stored for 
only about a week before they decayed due to rapid 
development of diseases. 

Table 10. Dcvclopmcm of discases on BI7 carambola placed 
at ambient temperature after 2 weeks storage at 
SoC and 10°C 

Maturity Days at Temperature (0C) 
(weeks) ambient 

S 10 

10 0 O.OOa O.OOa 
3 O.IOa O.OOa 
S O,43b OAOb 
7 0.66(' 0.70c 

II 0 0.00 O.G3 
3 0.00 1.30b 
S 0.00 2.03c 
7 0.43 2.63d 

12 0 O.OOa 0.17a 
3 O.OOa 0.37a 
S 0.12al1 0.373 
7 0.23b 0.9711 

13 0 O.Of>a O.03a 
3 O.07a O.04a 
S 0.63b O.77b 
7 0.73b O.96b 

Mean separation within column. at each maturity by DMRT at 5% 
level. Means with the same letter are not significantly differen!. 

Table II. Development of diseases on B 17 carambola placed 
at ambient tempt.'rature after 4 weeks storage a\ 5 
and 10°C 

Maturity Days at Temperature (OC) 

(weeks) ambient 
S 10 

12 0 0.17a 0.17a 

-' O.37ab 0.6-'b 
S 0.5311(' 1.01(' 

7 0.73c I.SOd 
13 0 O.OOa O.OOa 

-' O.40b O.46b 
S 0.8Sc 1.0Oe 
7 I.IOd I.OOc 

Mean separation within column, at each maturity by DMRT at 5(',(, 
level. Means with the same leller are not significantly different. 
Note: No data available for fruits harvested at JO and II week.s after 
fruit set because all fruits already decayed or diseased. 

Lower storage temperatures also help to preserve the 
quality of the fruit. This is because carambola stored at 
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low temperatures have lower metabolic and respiration 
rates than those stored at higher temperatures (Lam and 
Wan 1987). The low metabolic rate helps to slow down 
the ripening process. This was exhibited in the slow or 
gradual change in colour and firmness of the fruit when 
stored at 5°C as the ripening process was retarded. At 
this temperature, the colour index at harvest could be 
maintained, while it was impossible to stop the ripening 
process at higher temperatures. The rate of ripening was 
faster when the temperatures were increased, as indi
cated by a decrease in the firmness of the fruits (Table 
3). At higher temperatures, softening of the tissues may 
also be accelerated due to senescence. This process was 
particularly rapid when the fruit were held at ambient 
tem perature. 

Changes in the chemical quality were also affected by 
fruit maturity and storage temperatures. All these 
changes were also affected by the metabolic rate of the 
fruit. At low temperatures, both the mctabolic and res
piratory rates were reduced. Thus. the change in pI!. 
TSS, and TS was very gradual due to the low metabolic 
rate of the fruit. 

During storage, the pH in the younger fruit continued 
to increase gradually, indicating that the ripening pro
cess was still in progress especially during the first 2 
weeks (Table 6). No significant increase in pH was 
observed after that, indicating that the ripening process 
was retarded due to reduction ill fruit metabolism. 
However, during the first 2 weeks storage the pH rapidly 
increased to values approaching those of ripe fruit. 

In general, there was significant reduction in both the 
percentage TSS (Table R) and TS (Table 9) which 
clearly indicated that these components were being util
ised in the metabolic processes of the fruit. TIle rate of 
reduction was more rapid when the temperature was 
increased. correlating with higher rates of respiration. 

Conclusion 

Carambola cv. B17 can be stored at low temperatures. 
Mature fruits can be stored longer since they are more 
resistant to disease development. Fruits harvested at 12 
and 13 weeks after fruit set can be stored for 4 weeks at 
5 and iOoC. Since carambola arc non-climacteric fruit 
(Oslund and Devenport 1981; Lam and Wan 1983) har
vesting at this maturity stage gives better quality fruits in 
terms of flavour, colour development, and taste (Siti 
Halijah and M. Yunus 1992). 

Fruits harvested at 10 and II wecks after fruit set can 
be stored for 2 weeks at low temperatures (5 and 10°C J. 
At higher temperatures (15 and 200 e), the fruit can be 
stored for about I week before they decay, mainly due to 
diseases. However, it is not advisable to harvest the fruit 
at these shorter times after fruit set, since they have a 
shorter storage life and their colour and flavour do not 
develop fully. 



Diseases also developed rapidly on fruits that had 
been stored at 5 and 10°C when held at ambient temper
ature. At this temperature the fruits should be marketed 
3-5 days after removal from cold storage. 
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Incidence of Chilling Injury in Salacca zalacca 

M. S. Mahendra and John Janes* 

THE susceptibility of tropical and subtropical fruits to 
chilling injury has been widely reported in the literature 
(Lyons 1973; Couey 1982; Brown 1986; Wills et al. 
1989; Kays 1(91). At temperatures of 0-13°C the tis
sues of many horticultural crops or hoth tcmperate and 
tropical origin weaken because of the failure to maintain 
normal metabolic activities (Wang 1(92). 

In bananas cv. Lady Fingers it has been rcported that 
chilling injury is only a slight prohlem when they are 
stored at 12.5°C (Mahendra ct al. 1(92). Low tempera
ture storage is widely used to extend fruit shelr lire. For 
fruit with a markcd seasonal production or in fruits that 
are transported over considerable distances resulting in 
a long period bctwcen harvesting and consumption. 
there is a need to extend the shelf life of the product. The 
sensitivity of tropical fruit to chilling limits thc usc of 
reduced temperature as a means of preserving frcsh fruit 
for consumption at some later time. 

While there have been detailed reports of thc low
tcmperature susceptibility of many tropical fruits. thcre 
appears to have been limited work on the incidence of 
chilling injury in salak (Sa/acm :a/acca). The plant 
which produces the edible fruit. salak. belongs to the 
lepidocaryoid palms (Bcccari 1918. in Mogea 1(78) 
which includc sago and raphia palms. TIle fruit has a 
scaly pericarp containing three crcamy. edible. fleshy 
'fruits' of varying sil.e. 'l1le edihle parts are not fruits 
botanically, but fleshy arils that surround thc brown, 
stony seeds. The arils arc outgrowths of thc funiculus 
(stalk) of each ovule (LA. Stall. pers. COITlIll. 1993). 

Salak has a marked seasonality of production in Bali, 
the major fruit season being December-February fol
lowing a minor fruiting in June-JUly. The lluctuating 
supply of fruit and the distance it has to travel to markets 
on other islands dictates a need to extend its shelf life. 

The aim of the experiment reported here was to eval
uate the effects of storage temperatures between 3 and 
32°C on harvested salak fruit, with special attention 
being given to the occurrence of chilling injuries. 

Materials and Methods 

Fruit were obtainl'd Crom a local ranller in Bali. They 
were picked at maturity about 6 months after !lower
ing. All fruit were examined individually on arrival at 

* Indonesia Australia Eastern f'ni\ ersitics ProJcct. Faculty of 
Agriculture. LJdayana University. P.O. Box 704. Denpasar 
80()() I. Bali. Indoncsia. 
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the lahoratory and only those in good condition were 
allocated randomly to each treatment in the experi
ment. The experiment was conducted in a randomised 
block design (RBD) which consisted of five treatments 
with 4 replication<;. TIle five treatments consisted of 
storage in air temperatures of 3-5°C, 7-IO°C, 15°C, 
22-24°C, and at ambient temperatures (29-32°C). 
Each treatment lInit consisted of 10 fruit. An analysis 
of variance of data from the randomised block experi
ment was carried out. A square root transfonmation of 
data expressed as percentages was applied before 
analysis (Gomez and (lome!. 1(76). Further to analysis 
of variance, where significance was shown. differences 
between treatments were established using Duncan's 
Multiple Range Test. 

Observations were made on the first visible symptom 
and on the rate of development of chilling injury using 
the following score: 0 = none; I = slight injury; 2 = 
moderate injury; and 3 = severe injury (Mahendra et al. 
1992). Fruit shelf life was visually assessed daily. Fruit 
was considered unsaleable and discarded from the 
experiment when the sample reached 10% damage. The 
criteria for damage were: mouldy. soft texturc, wrinkled, 
and skin discoloration. Fruit Cirmness was measured 
ohjectively with a fruit pressure tester (Effegi Model FT. 
011, Alphonsine. Italy) fitted with a 0.8 cm plunger. The 
pressure (kg force) required to puncture the fruit was 
recorded. Thl' mean value of an individual fruit was cal
culated from three readings taken at three points around 
the fruit. The fruit weight loss was assessed by subtract
ing final fruit weight after storage from the initial 
weight. 

Results and Discussion 

The Illost common symptoms of chillmg injury 
observed in the fruit of Salacca z.alaccil were skin pit
ting and external discoloration. The more severe symp
toms were necrotic areas. wilting, and a smoky to dark 
or brownish black peel col,)ur. Fruit flesh tended to tum 
brown and occallll' sort textured. 

The development oC l'hilling injury in the fruit over 
time at low temperatures is shown in Figure I. It was 
observed that fruit ~;tnred at .3 SoC and 7-IO°C exhib
ited chilling injury symptoms aCter 2 and 3 days (score 
I). respect ivcly. The symptoms became moderate 
(score 2) aftcl IS day" and severe (score 3) after 32 and 
.B days or storage at each of the two lowest tempera
ture regimes (3-5° and 7-IO°C). Chilling injUry of the 



rruit pulp was indicated by flesh that had turned brown 
and sort. No symptoms of chilling injury were 
observcd on fruit stored at I )oC or above. These rcsults 
indicate that thc fruit of Sa/acca zalacca are as sus
ccptible to chilling injury as other tropical and sub
tropical fruit. 
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Figure I. The pattern or development of chilling injury in 
fruit of Salae('(/ ~(//(/eca. 

Thc longest storagc lifc was shown by fruit stored at 
3-5°C (25 days). followed by fruit stored at 7- 10°C (23 
days) (Fig. 2.). However, both thcsc groups suffered 
from moderate to severe chilling injury. Whilc thc stor
agc life of the fruit was extcndcd 15 and 14 days, 
respcctively, in thc two lowcst temperature conditions 
compared with fruit stored under ambient temperatures, 
this advantage was offset by moderate to severc chilling 
injury. Cooling the fruit to 15°C achieved a gain in stor
age lifc of only 2.5 days with no chilling injury evident. 
This result represents only marginal improvement in 
storage lifc which would be of limitcd valuc to local and 
regional marketing of the fruit and of lillie assistance to 
the exported product. 
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Storagc!shl'lf Ilk of fruit of S%,.,o ;o/acca stored 
under difkrenl tel1lperature rq:illll's. The same 
ktters indicate that there is no significant difference 
hetween means at the 0.05 level of prohahility. 
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The fruit firmness was measured after 0,7, 14,21, and 
28 days at each of the temperature regimes (Fig. 3). No 
significant ditTerence (P > 0.(5) in thc value of fruit pulp 
firmness was observed on day 0, with the values for the 
deternlination ranging from 6.1-6.8 kg force. Fruit 
firmness deteriorated with an increase in storage tem
peraturc. It was observed that fruit stored at ambient 
temperature (29-32°C) had the lowest valuc measured 
after both 7 (5.8 kg force) and 14 days (3.0 kg force). 
Fruit stored at 3-5 and 7-1 O°C showed an increase in 
fruit firmness measured after 7 days (8.55 and 8.0 kg), 
which then decreased gradually after 14 days (6.6 and 
8.0 kg), 21 days (6.5 and 6.8 kg), and 28 days (6.4 and 
6.3 kg), respectively. A rapid decrease in fruit finnness 
during storage was observed on fruit stored at 15 and 
22-24°C measured after 7 days (X.O and 7.2 kg) and 14 
days (8.0 and 5.X kg), respectively. 

Fruit weight loss was measured over the period or 1-
4 weeks at each of the temperature trcatments. It was 
observcd that percentage of fruit weight loss increased 
significantly with increasc in storage time (Fig. 4). The 
lowest value was observed on fruit stored at 3-5 and 7-
10°C measured after eithcr 1 (9.8 and 8.9%) or 2 weeks 
( 14.2 and 14.5%), while a significantly higher perccnt
agc of weight loss was observed on fruits storcd at 15, 
22-24. and 29-32°C measured after I (16.9, 15.3, and 
13.7(Y, and 2 weeks (22.9, 23.6, and 22.4(71~), respec
tively. The fruit stored at the two lowest temperaturcs 
lost a considerable amount of water at 3 weeks ( I X.I and 
18.9%), and 4 weeks (21.0 and 22.9%), respcctivcly. 
Thcsc rcsults indicate that considerable fruit weight loss 
occurred over the storage period and methods to control 
this loss may be worth investigating. 

Conclusion 

Cooling was shown to extend the storage life of thc fruit 
of Sa/(Jcca zalacca by up to 15 days but the low temper
ature treatments imposcd, namely 3--5°C and 7--lOo C 
caused moderate to scvere chilling injury. Methods that 
may reduce thc incidence of chilling injury in the fruit 
need to be researched if the benefits of increased storage 
life by refrigeration of the salak fruit are to be realised. 
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Internal Carbon Dioxide and Ethylene of Avocado Fruit 
(Persea americana Mill.) Measured by 

an Equilibration Technique 

Ubol Bonruengsri*, David Simons*, and Daryl Joycet 

RIPENING of avocado fruit does not occur as long as the 
fruit remains attached to the tree (Schroeder 1953; 
Tingwa and Young 1975). Changes in the internal 
atmosphere of avocado fruit after harvest are associated 
with ripening (Burg and Burg 1962a; Ben-Yehoshua et 
al. 1963). The means used for obtaining the internal 
atmosphere of avocado fruit include vacuum extraction 
(Burg and Burg 1962a,b; van Eeden et al. 1990) and 
sampling from a cavity bored in the fruit mesocarp 
(Ben- Yehoshua et a!. 1963). 

The purpose of the present study was to measure the 
internal concentrations of carbon dioxide (C02) and 
ethylene of mature avocado fruit during preharvest and 
postharvest periods. A non-injurious equilibration tech
nique was used to obtain samples of atmosphere in 
equilibrium with the internal atmosphere of the fruit. 

Materials and Methods 

Five uniform fruit were tagged on each of 2 'Hass' avo
cado trees. Glass tubes (1.8-2.0 mL internal volume), 
each with a septum secured beneath a screw cap, were 
attached with Blu-tack® [Bostik (Australia) Pty Ltd] to 
the widest circumference of these fruit (Fig. I). Two 0.2 
mL gas samples were withdrawn for each fruit for anal
ysis of CO2 and ethylene. A Shimadzu GC-8A gas 
chromatograph (TCO detector) operated at oven and 
detector temperatures of 20 and 30°C, respectively, was 
used to measure CO2, A Shimadzu GC-8A gas chro
matograph (FlO detector) operated at oven and detector 
temperatures of 80 and 120°C, respectively, was used 
for ethylene measurement. The lower limit of detection 
was approximately 0.004 ~ ethylene/ L in a 10 mL air 
sample (Y . Robertson, pers. comm.). 

After sampling on the tree for 15 days the 10 fruit 
were harvested and randomly allocated to two sample 
lots . The samples of unwrapped and wrapped (PWGS 
cling-wrap plastic film) fruit were then held at 20°C and 
50-60% relative humidity. CO2 and ethylene concentra
tions in the attached tubes were generally measured 

* The University of Queensland Gallon College, Department 
of Plant Production, Gallon. Queensland 4343. Australia. 

t CSIRO Division of Horticulture. 306 Carmody Road, St 
Lucia. Queensland 4067, Australia. 
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daily. Fruit colour changes were monitored using a 
colour rating scale of 0 (green), I (25% darkcning), 2 
(50% darkening), 3 (75% darkening), and 4 (100% 
darkening). 

Screw cap 

Figure I. Gas equilibration system used for obtaining 
samples of the illlemal atmosphere of 'Hass' 
avocado fruil. 

Results and Discussion 

No measurable intcrnal ethylene was detected during 
the preharvcst period (Fig. 2). Thus, preharvest equilib
rium ethylene concentrations were in the order of 0.004 
~L or less. Ethylene was first detected 7 and 15 days 
after harvest in unwrapped and wrapped fruit, respec
tively (Fig. 2). 

Burg and Burg (1962a) found by vacuum extraction 
that the internal concentration of ethylene in 'Cho-



quette' avocados at thc time of harvest ranged from 
<0.01 to 0.06 J1llL. The lowest concentration of ethy
lene which could be mcasured in thcir study was 0.01 
J1llL. Very low ethylene concentrations in 'Hass' avo
cados 4 days after harvest were determined in gas sam
ples obtained by partial vacuum extraction (van Eeden 
et al. 1990). Thc abscnce of detectable ethylene before 
the climacteric peak could indicate a difference between 
the equilibration and vacuum extraction techniques. 
Vacuum extraction may remove dissolved or bound 
ethylene from the tissue, not just from the intercellular 
space. 
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Conccntrations of CO2 fluctuated around 1-4% 
before harvest (Fig. 2). After harvest, CO2 concentra
tions in wrapped fruit were consistently higher than in 
unwrapped fruit (Fig. 2). The peak CO, concentrations 
for unwrapped and wrapped fruit were recorded 15 and 
23 days after harvest, respectively (Fig. 2). Peak ethy
lene concentrations in unwrapped and wrapped fruit 
occurred II (at colour rating 1-2) and 19 (at colour 
rating 2-3) days after harvest, respectively (Fig. 2). 

Film wrapping with PGWS film after harvest 
increased thc internal CO2 concentration from I -4% to 
5-7% during the preclimacteric period and dclayed peak 
CO2 and ethylene levels (Fig. 2). Wrapping also delayed 
fruit colouring (Fig. 2). Similarly. Joyce and Shorter 
(1992) reported that wrapping in LOPE eling film 
extended the green life of 'Hass' avocado fruit, with an 
associated decrease in the rate of water loss and an 
increase in CO, concentrations beneath the wrap. 

Attaching vi:t1s to the surfacc of avocado fruit with 
Blu-tack to obtain equilibriuTll atmosphere samples was 
used successfully during both pre- and postharvest peri
ods. The technique is simple and non-destructive, and 
appears to be a valid means for measuring internal CO2 
and ethylene concentrations for avocado. Film wrapping 
after harvest increased the internal CO2 concentration 
and delayed peak CO2 and ethylene levels in association 
with delayed fruit ripening. 

References 

Ben-Yehoshua. S .. Robertson. R.N. and Biaie, J.B. 1963. Res
piration and internal atmosphere of avocado fruit. Plant 
Physiology. 3X, I 9~·· 201. 

Burg, S.P. and Burg, E.A. 1962a. Postharvest ripening of avo
cados. Nature. 194.398-399. 

- I 962b. Role of ethylene in fruit ripening. Plant Physiology. 
37,179-189. 

Joyce, D.C. and Shorter. A.J. 1992. Modified atmosphere 
packaging to extend avocado green life: preliminary inves
tigation. In: Australian Avocado Growers Federation Con
ference '92, Management into the future. Gold Coast. 
Queensland, Australia, 28 September-2 October 1992. 8 p. 

Schroeder. C.A. 1953. Growth and development of the' Fuert6, 
avocado fruit. Proceedings of the American Society for 
Horticultural Science, 61,103-109. 

Tingwa. P.O. and Young, R.E. 1975. Studies on the inhibition 
of ripening in attached avocado (Persco amcricana Mill.) 
fruits. Journal of the American Society for Horticultural 
Science, 100.447-449. 

van Ecden, S..I .. Cutting . .I.G.M. ami de Vries, P.J. 1990. Ethy
lene production and I-alllinocyclopropane-I-carboxylic 
acid levels in ri[X'ning avocado fruits. Acta Horticulturae. 
275.595-60 I. 



Effects of Plantation and Postharvest Management Factors 
on Shelf Life of 'Williams' Banana 

J.A. Seberry and D.R. Harris* 

ALTHOLIGH New South Wales (NSW) growers consis
tently supply about 2S% of the 3.8 million cartons of 
bananas sold annually on the market in Sydney, Aus
tralia, NSW bananas consigned there have gained a 
reputation for poor ljuulity. There is a marked prefer
ence in retail demand throughout the year for north 
Queensland (NQ) bananas. which constitute the 
remaining 7S% supplied to the market. Despite a lack of 
documented evidence, bananas grown in NSW are often 
regarded as inferior to those from Queensland, because 
they arc perceived by retailers and wholesalers to have 
a shorter shelf life (SL) (Moody 1993). This is reflected 
by the prices paid for NSW bananas which arc often 
$4--7 per 13 kg carton lower than for comparable fruit 
from NQ. The lower prices paid for their bananas are 
estimated to be costing NSW growers between $3 mil
lion and $6 million annually. Because of concern about 
these problems, the NSW Banana Industry Committee 
(BJC) and the Horticultural Research & Development 
Corporation (HRDC) agreed to flll1d research on banana 
SL by NSW Agriculture. 

There arc significant climatic differences between the 
NQ and NSW banana production areas. Most of the fruit 
from NQ is grown in wet tropical conditions on the 100 
km coastal strip between Innisfail (I 7"30'S) and Card
well (18° I S'S). Annual rainfall is 2100-3800 mm, but 
most plantations are irrigated and capable of a more 
regulated supply of fruit than those in southern areas. 
However, NQ is subject to summer cyclones and tem
perature tluctuations, with occasional chilling condi
tions. Production areas in NSW are located on the coast 
between Tweed Heads (2S0S) and Macksville (31°S), 
with annual avcrage rainfall of IS00-2200 mm and 
subtropical temperatures. Plantings are mostly on hill
sides and slopcs to avoid frost and providc cold air 
drainage. The buneh-to-buneh cycle in NSW plantations 
is 14--16 months, comparcd with about 12 months in 
NQ. 

It has been suggested that SL or fruit might be rclated 
to a range of plantation factors, such as soil type, plant 
nutrition, pest and disease control (particularly leaf dis
eases), soil moisture levels. bunch pruning. and physio-

* NSW Agriculture Posthancst Group. Horticulture Research 
and Advisory Station, Gosford, New South Wales 2250. 
Australia. 
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logical age of the fruit at harvest, as well as ripening and 
storage practices in the market. 

Sample cartons of 10-12 commercial lines of green 
bananas (cv. 'Williams') from NSW districts and NQ 
have been purchased each month from Sydney Market 
since the project commenced in October 1991. The 
bananas have been transported to Gosford, ripened with 
ethylene undcr simulated commercial conditions for 
4--S days at 16-ISoC to CSIRO standard colour index 3 
or 4 (Anon. 1971). and thell storcd at 20°C for SL 
asscssments. 

On removal from the ripening room, the bananas were 
rated each day by a panel of 8-10 people for quality of 
skin colour and general appearance, until the fruit was 
considered to be commercially unacceptable because it 
was overripe or rotting, as described by Peacock (19S0). 
Changes in peel colour, pulp firmness, and development 
of postharvest rots were monitored as the fruit ripened. 
Fruit weight and finger length/diameter were recorded, 
and pulp and peel samples were oven-dried to determine 
dry matter content. Samples of the dried fruit were also 
analysed for mineral nutrients in an attempt to determine 
whether there is any correlation bctween composition 
and fruit SL 

Seasonal differences in SL between NSW and NQ 
bananas 

Between October 1991 and June 1993, 158 grower 
lines from NSW and S6 from NQ were evaluated. The 
comparative SL of fruit sourced from NSW districts 
and Queensland varied according to season (Figs I and 
2). Thc mean SL of Queensland fruit was longer than 
that of NSW fruit in the spring months of October and 
November in both 1991 and 1992. Much of the NSW 
fruit marketed in these periods showed brown discol
oration under the peel aftcr ripening, and had a dull 
yellow colour, a typical indication of chilling injury 
which probably occurred in the plantation. However, in 
both years by mid-suTllmer fruit frolll both sources had 
similar SL and colour. By February and March 
(autullln), SL of NSW fruit was superior. From late 
autumn through to early spring, there were differences 
in keeping quality between fruit from NSW and 
Queensland, but these did not appear to be consistent 
from year to year. 
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Figure 1. Seasonal tluctuations in shelf life at 20°C, after ripening, of hananas from New South Wales and north Queensland 
sampled between October 1991 ,mel September 1992. 
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Figure 2. Seasonal Iluctuations in shelf life at 20oe, after ripening, of bananas hom New South Wales and north Queensland. 
sampled between September 1992 and June 1993. 

Chemical composition of hanana fruit in relatioIl to 
SL 

Over the past two years wc also analysed 71 lines of 
thc fruit obtained for SL asscssmcnts, using inductivcly 
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coupled plasma (Iep) techniques and Kjeldahl extrac
tions to determine 6 major and:; minor nutrient cle
ments. Samples consisted of two fruits from a single 
hand of green bananas from each grower line, separated 
into peel and pulp, weighed, ami ovcn-dricd to constant 



Table 1. Mean concentrations of N. 1'. K. Ca. Mg. B, and Mn in banana peel dry matter in relation to fruit shelf life (SL) 

Month of State of N P K 
sampling origin (S0) (fil) (%) 

Apr 1992 NSW 1.2 0.16 6.7 
QLD I.S 0.19 6.8 

May 1992 NSW 1.3 0.17 6.5 
QLD I.S 0.16 5.9 

Sep 1992 NSW 1.3 0.18 6.9 
QLD 1.4 O.IS 6.1 

Oct 1992 NSW 1.4 0.20 7.5 
QLD 1.6 0.17 6.1 

weight, before being stored in a freezer. This material 
provided dried samples of peel and pulp from hands 
with a wide range of SL scores. Results of analysis of 
samples, taken in April, May, September, and October 
1992, to determine nutrient concentrations in peel dry 
matter in relation to fruit SL, are shown in Table I. 
There were no consistent correlations between any of 
the peel and pulp mineral elements and the mean SL 
scores for these lines of fruit. 

Precooling and refrigerated transport 

Until recently, unrcfrigerated rail vans were the most 
common method of transport for NSW bananas to 
Sydney, with refrigerated road transport being used by 
Queensland producers. In summer, l\;SW fruit could 
often be subjected to high temperatures at the railhead 
and during transport for 3-4 days. A series of trials has 
been commenced to compare the effects on SL of rail or 
road transport at ambient temperatures in summer with 
precooling and refrigeration. To date we have been 
unable to demonstrate that the latter have any beneficial 
effect on SL. 

Discussion 

There is a general perception among merchants and 
retailers in Sydney that NSW bananas have a shorter SL 
than Queensland fruit, especially on either side of the 
NSW peak season between January and April when 
supplies of NSW fruit arc greatest. The major supplies 
of fruit to the southern Australian markets from NQ are 
between May and December. The survey described here 
confirmed that NSW bananas harvested in the spring 
months are generally of poorer quality than comparable 
fruit from NQ. The NSW fruit marketed in this period 
comes from bunches which have hung in the plantation 
over winter. 

Our results provide evidence that the cool winter 

Ca Mg B Mn SL 
(%) (Ii( ) (ppm) (ppm) (days) 

0.19 0.17 22 120 2.1 
0.22 0.21 22 94 2.1 

0.16 0.19 20 61 5.0 
0.16 0.18 22 167 6.1 

0.17 0.11 24 133 3.6 
0.16 0.12 23 169 2.6 

0.20 0.14 23 ~7 4.5 
0.20 0.19 23 73 5.1 

conditions in many NSW plantations, and the occur
rence of chilling injury, arc not only affecting the 
appearance and colour of fruit adversely, but may be 
also directly or indirectly reducing SL. It is possible that 
poor leaf health is reducing spring fruit SL. The effects 
of severe leaf disease, especially sigatoka leaf spot, on 
fruit filling and premature ripening arc well known. It 
has also been suggested that bunch pruning during stress 
periods will improve the quality of the remaining fruit, 
but this has not been tested. However, we were unable to 
show any relationship between gross fruit composition 
and SL. 
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Optimisation of Indigenous Ripening Systems for Bananas in 
the Philippines 

A.L. Acedo Jr* and O.K. Bautista-r 

BANANA is the prime fruit commodity in the Philip
pines. Producers and entrepreneurs. XO% of whom are 
smallholders, usually harvest the fruit green and ripen it 
with calcium carbide (CaC2 ). or with leaves of gltricidia 
(Gfiricidia sCjJium Steud.) or rain tree (Samancu saman 
Merr.). Ethylene is used only by the large, export
orientated firms. 

Very little research has been done to examine and 
improve the indigenous ripening systems in b<lnanas. 
Earlier studies by the authors in 'Saba' bananas (Mu.w. 
BBB Group) showed that the conventional rate of Cae) 
application Dr 25 gil 00 fruit produced during a 24-h()uf 
treatment at least 10 times more acetylene (10,000 IJ.lJL) 
than required for inducing ripening. It was also found 
that gliricidia leaves at 5% of fruit weight (w/w) applied 
for I day effectively enhanced ripening. This is much 
lower th~lI1 the traditional rate of 10-30% of fruit weight 
(w/w) applied for 2-4 days. Moreover, fruit disllrders 
such as CaC 7 injury, soft-green disorder, ripe fie,;h 
hardening and poor flavllur development, arc not 
uncommon in fruit ripened by traditional methods. 

This study optimised the treatment with CaC2 and 
leaves of gliricidia or rain tree on 'Saba' banana, the 
most important commercial cultivar. CaC2 treatment 
was also optimised on 'Latundan' banana (MUML AAB 
Group). the leading table cultivar. Freshly harvested 
fruits of 'Saba' (full three-quarters stage) and 'Latun
dan' (full stage) were used. CaC2 at 0-25 gil 00 fruit was 
applied for I day in a 20-L bucket covered with four 
layers of newsprint. The CaCz was wrapped in news
print and placed at the bottom of the container. Gliricidia 
at 5-1 or;; of fruit weight (wiw) was applied for 1-2 days 
in a O.05-mm thick, 35 Clll x 25 em polyethylene (PE) 
bag \Iith 16 diffusion holes. Immature, fully expanded 
leaves were used since they produced higher ethylene 
levels than mature ones. Ten fruit were treated in each 
PE bag. The effect of gliricidia was also compared to 
that of ethephon (2-chloroethyl phosphonie acid) at 
1000 IlllL applied as a 5-minute dip. Rain tree treatment 
was the same in rate and procedure as that of gliricidia 

* Postharvest Physiology Laboratory. Department of Horticul
ture, Visayas State College of Agriculture. Baybay, Leyte, 
Philippines. 

. ;. Postharvest Horticulture Training and Research Center, Uni
versity of the Philippines at Los Banos, College, Laguna, 
Philippines. 
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but malllre leaves were used. Since the leaves produced 
high CO2 levels, a CO2 scrubber - calcium oxide 
(CaO) or ordinary lime at 10% of leaf weight (w/w) and 
wrapped in newsprint - was incorporated during treat
ment. Ethylene, CO2, and 02 levels during gliricidia and 
rain tree treatment were measured by gas chromatogra
phy. After treatment, the fruit were kept in air. The 
experiments were done on a non-commercial scale 
under ambient conditions (26-3 J 0c, 68--85% relative 
humidity). A completely randomised design with 3 rep
licates (I () fruit/replicate) was used. Two trials were 
done for each experiment and results were consistent. 

C<leo at 5 g or more per 100 fruit enhanced ripening 
of 'Saba' and 'Latundan' fruits (Table I). However, 
'Saba' required a higher level (15 g CaC2) than' Latun
dan' (5 g CaCz) to ripen in 2 days from harvest, similar 
to that effected by the conventional rate of 25 g CaC 2' 

Table 1. Ripening period and weight loss at the ripe stage of 
'Saba' and 'Latundan' hananas treated with 0-25 g 
CaC2/J 00 fnJit for I day. 

CaC2 level 
(g/ I 00 fmit) 

Ripening perioda 

(days from harvest) 

A. 'Saba' (,"vll1sa. BHH Group) 

0 11.0a 
S 3.2b 

10 2.Se 
IS 2.~·d 

20 2.ld 
25 2.ld 

R. 'Latundan' (MUSil. AAB Group) 

0 7.5a 
5 2.3b 

10 2.0b 
15 2.0b 
20 2.0b 
25 2.0b 

Weight loss 
('Ie) 

11.1 a 
4.2b 
4.4b 
4.2b 
5.7h 
5.4b 

J 1.1 a 
5.5h 
4.3b 
4.4b 
4.2b 
4.4b 

a Number of day\ to reach peel colour stage 4 _~ for 'Saba' and 6 for 
'Latundan', the rirene"" stage when the fruit-., are usually utilised 
(inclusive of treatment period). Peel colour index (CI): I-green; 
2-firsllrace of yellow; 3 more green than yellow; 4-more yellow than 
green; 5-yellow with green tips and:or angles; 6-full yellow . 

Means having a common Jetter within columns per cultivar are not 
significantly difkrenl hy DMRT 5%. 



At the ripe stage, total soluble solids, titratable acidity, 
and sensory quality did not vary between CaC2-treated 
and untreated fruit but weight loss of the Cormer was 
abllut 50'lr, lower than that of the latter (Table I), CaC) 
injury was not observed. -

Gliricidia leaves at 5% of fruit weight (w/w) applied 
for i day ripencd 'Saba' fruit in 3-4 days from harvest 
(Fig. 1 a), confinning earlier results. Treatment with 
10% leaves did not result in faster ripening than with 5% 
leaves. Two-day treatment slowed down peel yellowing 
(Fig. I a) due possibly to high CO2 and low 02 (Table 2). 
Cntreated fruil ripened in 7-10 days from harvest. Rel
ative to ethephon. gliricidia was less effective in 
advancing ripening. but only by I day. The same trend in 
respiration and ethyicnt' production was observed, 
except that ethephol1-dipped fruit eVlllved high amounts 
of ethylene immediately after treatment and thereafter. 
Their internal ethylene content concomitantly increased 
to 3--4 !JUL, which can initiate ripening if treated for 8 
hours. In contrast. during gliricidia treatment, ethylene 
slowly accumulated and on the 6th hour, was about 0.3 
!JUL which is the minimum concentration for a 2A-hour 
treatment to initiate ripening. The 6-hour lag period can 
render the treatment ineffective. However, the accumu
lated ethylene on the 12th hour, about 1.0 pUL, was 
sufficient to enhance ripening as it requires only 12 
hours treatment time. 

Rain tree treatment had a similar effect as gliricidia in 
enhancing 'Saba' fruit ripening (Fig. I b). However, 
when the leaves were applied for 2 days, about 30-40% 
of the fruit became soft but green. This WJS observed 
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0, control 

5%,1d 

5%,2d 
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immediately after treatment and I day later. The green
soft fruit eventually turned yellow during holding in air 
but they became unacccptably so!"t. 

Higher ethylene and CO2, and lower 02 levels pre
vailed during rain tree treatment as compared with those 
during gliricidia treatment (Table 2). These conditions, 
particuiJrly those during the second day of treatment, 
possibly induced green-soft development. Reducing 
CO2 levels with CaO slightly increased ethylene accu
mulJtion (Table 2) and improved the ripening
enhancing effect of rain tree only when applied for 2 
days. The fruit turned yellow more rapidly thJn those 

Table 2. Elhyll'ne, CO2, and 0, levels in PE bags during 
treatment of 'Saha' bananas with 5% gliricidia or 
rain tree leaves (w/w) for 1-2 days. 

Days from Ethylene CO2 °2 treatment (pULl (%) (%) 

A. Gliricidia 
I 5.2b 7.6b IO.2a 
2 8.5a n,Oa 7.2b 

B, Rain tree 
withoutCaO I 6.6b IO.7b 7.7 

2 9.la 14.5a 6.2 
withCaO I 7.6b 2.4c 73 

2 9.9a 11.70 6,8 

Means having a coml11on leIter within column:-. per leaf type are not 
significantly different by I)MKT 5%. 
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Figure 1. Peel colour development of 'Saba' bananas treated with 5% (wiw) gliricidia (a) or rain tree leaves (0) for 1-2 days. 
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treated without CaO (Fig. I b). '!11e green~soft disorder 
was also inhibited. affecting less than 5';(, of the 2 day~ 
treated fru i t. 

The results indicate that the traditional quantities of 
CaC?, gliricidia, or rain tree used for ripening bananas 
are excessive. Using traditional rates, the fruit are 
exposed for prolonged periods to conditions such as low 
02 and high CO2 which can antagonise the effect of the 
ripening agent and induce the development of fruit dis-
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orders. Optimisation studies have been on a non
commercial scale. The identified optimum rates of 
CaC2, gliricidia, anel rain tree application need to be 
validated under normal commercial treatment where 
large volumes of fruit of mixed maturities are involved. 
Only then can a technically and economically efficient 
indigenous resource-based ripening system in bananas 
be established. 



Fundamental Studies on Respiration Rates and Storage 
Properties of Some Tropical Fruits Grown on Okinawa 

Takayoshi Akinaga and Y oshihiro Kohda* 

IT is a essential to know the rate of respiration governing 
the storage life of fresh fruits so that the precooling 
facilities can be designed for maximum efficiency. The 
rate of respiration is a good index of the quality of fresh 
produce, ami can be measured nondestruetively. There 
is a large body of scientific literature on the rates of res
piration in fruit, vegetables, and cut t10wers (see, e.g., 
Lutz and Hardenburg 1968). However, the measurement 
methods, maturity of samples, and time after harvest 
have not been reported in detail. 

Respiration rates of fruit arc usually measured by 
infrared CO., gas analyser, a high-cost item (e.g. Yen 
2 O()() ()()O p;r unit). There is also a chemical method, 
however, using a CO2-absorbent agent (Matsumoto 
1936), which docs not require a high-price measuring 
instrument. This paper reports chemical measurements 
of rates of respiration of some Okinawan-grown sub
tropical and tropical fruits at various temperatures. 

Materials and Methods 

Measurement of respiration rate by titration 

Twenty-five mL of 2N KOH wcre placed in an evap
orating dish on the bottom of a fixed-volume plastic 
vessel. Test fruits were placed in the vessel, which was 
then tightly scaled. The plastic vessel, test fruits. and the 
chemical were kept in the dark at a constant, pre-set 
temperature in a constant temperature and humidity 
chamber. The CO2 generated in the vessel was absorbed 
by the KOH. After a fixed time (2-4 hours). the evapo
rating dish was removed and the KOH immediately 
poured into a 250 mL graduated flask containing 10 mL 
of 25'.; BaCI 2. Distilled water was added to constant 
vol ume and the contents of the flask allowed to settle 
after shaking well. BaC03 settled as a white precipitate. 
Fifty mL of the supernatant liquid were taken and neu
tralised with O.2N HCl, using phenolphthalein as an 
indicator. As a control, 25 mL of KOH held in a plastic 
vessel under the same conditions as the test fruit was 
titrated. 

The following equations describe the chemical reac
tions involved (Nakagawa 1981). 

* Department of Bioproduction. College of Agriculture. Uni
versity of the Ryukyus. I Senbaru. Nishihara. Okinawa. 
903-() I. Japan 
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CO2 + 2KOH = K2C03 + Hp 

2HCI + 2KOI-l = 2KCI + 2Hp 

Therefore I mL of O.2N HCl was equivalent to 4.4 rng 
of CO2, and CO2 generated 

= 4.4 x a x (1/1) x (l/w) xjx (250/50) 
= 22 afl Ill' (mg/kg/hr) 

where a = (volume ofO.2N Hel in control) - (volume 
of O.2N HCI on sample) (Ill L) 

w = sample mass in (kg) 
I = measuring time in (hours) 
j = factor of O.2N HCI 

Materials 

Green-ripe banana cv. Ogasawara were harvested in 
1992 in the courtyard of the College of Agriculture. 
Sound fingers were selected. Respiration rates of bana
nas were measured at fruit temperatures of 0 35°C, at 
SoC intervals, Fully ripe pineapples cv. N67-IO were 
harvested on R December 1992 in Nago. Respiration 
rates of pineapples were measured every 5°C from (}-
30°C. Fully ripe mangoes cv. Irwin were harvested on 
20 July 1992 in Ginoza. Respiration rates of mango 
fruits were measured every 5°C from 5-35°C, Full ripe 
papaya fruits cv. Solo-Sunrise were harvested on 18 
November 1992 in Higashi. Respiration rates of papaya 
fruits were measured every 5°C from 5-35°C. 

Arrhenius plot 

Respiration rates and inverse absolute temperatures 
were plotted on semilogarithmic graph paper as 
Arrhenius plots (Kitagawa 19S6). It was found that they 
lay approximately on two straight lines. There was a 
large change at the lower temperature end of the line. 
which suggested a chilling temperature. 

Storage tests 

Storage tests were carried out to estimate the suitable 
storage temperatures of tropical fruits produced on Oki
nawa. Bananas, pineapples, mangoes, and papayas were 
stored from 7-14 days in constant temperature and 



humidity chambers, and were periodically inspected for 
qualities such as fruit hardness, peel colour, weight loss, 
moisture content, total soluble solids, and acidity. 

Results and Discussion 

Figure I shows the typical Arrhenius plots of respiration 
rates of bananas and temperatures. The critical chilling 
injury temperature was cstimated from this plot at about 
i 5°C. The recommended storage temperature for bana
nas given in the USDA handbook (Lutz and Hardenburg 
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1968) is 13-l4°C. Thus, the storage temperatures for the 
test were set at 15°C and 25°C at 85% RH. 

Figure 2 shows the plots of pineapples. The critical 
temperature for pineapples was estimated at about 10°C. 
The USDA-recommended storage temperature for full) 
ripe pineapples is 7-lOoC (Lutz and i-lardenburg 196K). 
Storage tests of pineapple were therefore carried out at 
5, I 0, and 25°C and 80% RH. 

Figure 3 shows the plots of fully ripe mangoes. The 
critical temperature of fully ripe Irwin mangoes was 
about 7°C. as ~'ompared with the liSDA-recommended 
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10°C. Storagc tcsts of nnngocs were carried out at 5, 12, 
and 25°C at 85% RH. 

111C plots for papayas (Fig. 4) show a critical tcmper
ature of about 10°C, From thc USDA handbook, sincc 
papayas are subject to chilling injury, they should be 
held at a temperature closc to, but not below rc. Stor
agc tests of papayas were carried out at 5, 10, and 25°C 
at 85'7r RH. 

From the results of storage tests, the recommended 
storage temperatures for banams, pineapples, mangocs, 
and papayas were estimated at 15, 10, 12, and 12°C. 
respectivcly. 

Conclusion 

Arrhenius plots of respiration rates and fruit tempera
tures were an effcctive method for predicting thc tem
pcrature bclow which fruit chilling injury will occur. 

415 

Respiration rates of thc tropical fruits were easily meas
urcd by the titration method, at lower cost than usc of an 
infrared gas analyscr. 
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Reducing Decay and Extending Shelf Life of Bell-peppers 
and Mangoes by Modified Atmosphere Packaging 

V. Rodov, S. Ben-Yehoshua, S. Fishman, S. Gotlieb, T. Fierman, 
and D.Q. Fang* 

PREVIOUS research has shown that seal-packaging fruits 
in plastic films reduces weight loss and preserves the 
fimmess and freshness of stored produce (Bcn
Yehoshua et al. 1983). However, this method also has 
problems with some fruits. With peppers (Capsicum 
annum L.), in spite of positive results reported for indi
vidual seal packaging, high relative humidity may 
increase the risk of fungal decay, especially late in the 
season. With mangoes, the altered in-package atmos
phere inhibits normal ripening of the fruit (Ben
Yehoshua et al. 1990; Somsrivichai et al. 1992). Tn this 
paper, we present some modified atmosphere packaging 
(MAP) approaches enabling the reduction of the unde
sirable effects of scaling. 

Materials and Methods 

Bell-peppers of Maor and Maccabi cultivars were 
packed in plastic trays sealed in low density polyethy
lene (LDPE) of 20, 40, and 80 J.lIl1 thickness, four fruit 
per tray. Sodium chloride (NaCl) was added to bell
pepper packagcs within the pouches of spunbonded 
polyolefin (Tyvek, Du Pont Co.). Mangoes of Tommy 
Atkins and Keitt cultivars were individually sealed in 
shrinkable Cryovac polyolefin films of 15 or 19 )1111, 

either non-perforated (MD film) or perforated: MPY (8 
holes of 1.7 mm diameter per square inch) or SM60M (8 
holes of 0.4 mm diam. per sq. inch). Part of the fruit was 
scaled in the same films within foam polystyrene trays. 
Rotronic 1-108 probes were used for monitoring the in
package relative humidity (RH). 

Results and Discussion 

Modified humidity packaging of bell-pepper 

Relative humidity in the scaled tray-packages holding 
4 fruit reached 99-100%, and condensation occurred on 
the Cilm. Hygroscopic material (NaCl) was used to con
trol the RH in the packages (Shirazi and Cameron 1992). 
The humidity level was stabilised by the amount of 
NaCI added, varying from 96-98% with 5 g NaCl to 
86-90% with 15 g. Water condensation inside the pack-

* Agricultural Research Organisation, The Volcani Center, 
P.O. Box 6. Bet-Dagan 50250. Israel. 
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ages was prevented or significantly reduced, depending 
on the amount of NaCI added. Lowering relative 
humidity in the package markedly reduced the decay of 
bcll-peppers (Fig. I). Nevertheless, fruit in the packages 
with modified humidity still had significantly iower 
weight loss and retained bctter finmness and quality than 
the non-sealed control (Fig. i). 

It should be added that decay in the tray packages was 
higher than that observed on individually scaled fruit. 
This difference may relate to the absence of water drop
lets and the lower RH (97%) in the individually scaled 
packages (Ben-Y ehoshua et al. 1983). 

Effect of film perforation on mango quality 

According to predictions based on a mathematical 
model of the package, perforation of the film markedly 
changes the package atmosphere while only slightly 
intluencing the relativc humidity. In our experiments, 
using perforated polyolefin films for mango packaging 
enabled normal ripening of the fruit and reduced weight 
loss and decay as compared with a non-scaled control 
(Fig. 2). Thc best results after 2 3 weeks of storage at 
14°C and one additional week at l70e were achieved 
when film with 0.4 mm perforations was combined with 
increased free volull1e inside the package by scaling the 
fruit within polystyrene trays. 

Prolonged storage of sealed Keitt mango 

The delayed ripening of fruit scaled ill non-perforated 
film was advantageous during prolonged storage of 
Keitt mango. After 3 weeks of storage and 1 week of 
shelf life the scaled fruit displayed inferior quality to the 
control because ripening was inhibited. However, with 
longer storage (4--6 weeks plus I week shelf life) the 
difference in physicochemical parameters (TSS, acidity, 
firmness) hetween scaled and non-scaled fruit became 
Icss, and scaled Cruit received higher taste scores 
because oVTrripenillg was prevented, Thc effect of seal
ing on fruit colour was less significant for typically 
green Keitt mango than for yellow varieties. However, 
seal ing did not reduce decay of mangoes stored for long 
periods. The combination of scaling with decay-control 
measures such as hot water or fungicide dips may be 
useful in these cases. 
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Conclusion 

These results show that application of additional factors 
such as hygroscopic materials or perforation may pre
vent the harmful effects of tray-scaling in plastic film 
while retaining its advantages. Mathematical modelling 
may help to predict the llptimal packaging parameters. 
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Modified AtInosphere Storage of Bananas at 
Chilling Temperatures 

S.K. Hewage**, H. Wainwright**, T.N. Swinburnet, 
and R.S. Wilson Wijerathnam§ 

THE green life of Cavendish bananas can be extended 
using a modified atmosphere (MA) in which oxygen is 
reduced and CO2 concentration increased (Scott et al. 
1971; Scott and GanJcnagara ! 974). This was achieved 
by sealing the fruit in polyethylene bags which allowed 
the development of a stabil ised MA in 3-4 days. Shorter 
stabilisation times were obtained in bags evacuated 
beforc sealing (Badran and Lima 1969). This technique 
has been adopted commercially and is known as the 
'banavac' system. In addition to extending storage life, 
MA storage has been reported to reduce the incidence of 
chilling injury for avocado (Scott 19n) and tomato 
(Hobson 19!\7). The green life for bananas could be 
extendcd by lowering the temperature below 13.5°C if 
the incidence of chilling injury could be minimiscd by 
MA. This paper reports experiments in which bananas 
wcre held in a MA below the critical 13.5°e. 

Material and Methods 
Cavendish bananas harvested approximately 2 weeks 
earlier in Equador and sea transported at 14°C were 
used for the study. Hands were separated into clusters 
whieh eontained 5 fingers. Individual clusters were 
enclosed in 41 x 2!\ cm, 0.05 em gauge. low density 
polyethylene bags (PEB). Excess gas in the bag was 
evacuated until the film adhered to the fruit surface and 
the bag was then sealed. Another set of clusters was 
enclosed in similar size perforated PEB. Immediately 
after sealing, 12 bags from each were transferred to 8, 
II. and 14°e. 

Oxygen and CO2 concentrations in the PEB system 
wcre measured three times per week. Gas concentrations 
were measured using a gas chromatograph with alumina 
column and thermal conductivity detector. Four bags of 
each treatment were removed from the store at 10-day 
intervals for peel colour measurements. Bags were 
unsealed and peel colour of fruits was monitored using 
a Minolta colour meter (CR 200 Japan). L * value of the 
colour meter was used to measure the chilling injury of 
the fruits. 

** Natural Resources Institute. Chatham Maritime, Chatham. 
Kent. ME4 4TB. U.K. 

t Wye College. University of London. Ashford, Kent, TN 25 
6RS, U.K. 

§ Ceylon Institute of Scientific and Industrial Research. P.O. 
Box 787, Colombo 7, Sri Lanka. 
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A centimetre thickness of transverse section of fruit 
was used to measure firmness of pulp using a Macmesin 
electronic force gauge with a 6 mm plunger. A 10 g 
sample of pulp from the middle of the finger was homo
genised using a known amoLlnt of distilled water and 
filtered through cotton wool. A few drops of the filtrate 
were used to measure total soluble solids (Brix) using an 
Abbe type refractometer at 2()°C. A 10 mL aliquot of 
filtrate was titrated against O. INN aOH to measure the 
titratable acidity and the acidity was expressed as malie 
acid. Three fingers from each cluster were treated with 
1000 ppm ethylene to induce ripening at 17°e. Peel 
colour, firmness, TSS, and TA of the ripe fruit were 
measured as described earlier. Organoleptic evaluations 
were conducted to test the quality of ripe fruit. 

Results 

Oxygen levels within the MA at each temperature are 
given in Figure I. At 14°C, the 02 concentration 
remained stable (10 12'k) throughout the storage 
period. The initial higher levels of 02 at both II and 
8°C declined. and became significantly lower than at 
14°e and 6 clays storage. However. the 02 level in the 
bags stored at Iloe gradually increased up to the level 
of bags stored at 14°(', 'lhe oxygen content of the MA 
in the bags stored at SoC remained significantly lower 
than at 11 and 14°C throughout the storage period. The 
CO2 content of the MA (results not shown) behaved in 
a manner converse to that of 02' 

Peel colour measured as L* of green and ripe fruit at 
each sampling time is presented in Table 1. After 10 
days storage, L* was significantly lower in MA stored 
fruit at !\0e. There were no differences in green fruit 
stored in either sealed or perforated bags after 10 days of 
storage. No difference in L* of green fruit was detected 
after 20 days of storage. A higher L* was observed in 
fruit stored in perforated bags after 30 days of storage, 
compared \vith those stored in scaled bags, due to ripen
ing of some fruit in the perforated bags. 

A one-way analysis of the results showed that firm
ness, TSS, and T A of both green and ripe fruit stored in 
sealed bags were not significantly affected by storage 
temperature (results not shown). No significant differ
ences in sensory parameters (flesh colour, aroma, tla
vour. and texture) were detected by the taste panel 
assessment of ripe fruit (results not shown). 
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Table I. Peel colour of green and ripe hananas expressed as 
L * after storage for In. 20. ami 30 days in modified 
atmosphere and perforated polyethylene bag. 
Treatment rncans having a COTllTllon Jette-r(s) in a 
colullln of green or ri[x' fruit arc not significantly 
different hy DMRT 5%. 

Treatment Storage tin1C in days 

10 20 30 

(jrccnti-uil 
Scaled 14°C 60.lla 5S.70 'i6.69bc 
Scaled 11°(, 58.02ab 'i5.10 54.17d 
Sealed 8°C 53.1& 'i4.72 54.ned 
Perforated 14°(, 57.47ab 58.60 61.()9a 
Perforated I 1°C 57.31 ab 'i6.04 'i5.33bcd 
Perforated go(' 55.42bc 55.54 57.31 b 

Ripe }i-t:il 
Sealed 14°C 64 .. 13 a 72.34a 71.48a 
Sealed II DC 59.07hc 65.46h 66.17b 
Seakd 8°C 56.82c 54.<)l)d 56.65c 
PerilJrated 14°C 61.65ab 69.84a 70.84a 
Perforated I 10 (, 58.50bc 63.45hc 63.45b 
Perforated goC 58.5011c 60.51c 58.03c 

Discussion 

The consistently lower 0 0 levels in the MA at XOC could 
have been due to chilling-Linduced respiration or changes 
in permeability of the film at low temperature. A chill
ing-induced rise in respiration has been observed in 
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sweet potatoes (Lewis and Morris 1956) and cucumbers 
(Eaks and Morris 1956). Tcmperature is also known to 
affect the gas permeability of plastic films at lower tem
peratures \Hayankawa et al. 1')75). Further research is 
required to measure the contribution of each factor with 
respect to the gas composition of the '\lA. 

Lower values of L * in low-temperature stored fruit 
compared with those stored at 14°C arc indicative of 
chilling damage having occurred in fruit stored at the 
former. Chilling injury damage developed at II and 
8°C, and the MA in the bags failed to prevent thc 
damagc. The chilling damage observed in green fruit 
was more pronounced after ripening. In addition to the 
Clliour meter assessments. ripe fruit stored at chilling 
temperatures appeared dull and less attractive. 

With the exception peel colour. other physicochcmi
cal parameters remained unafrccted by chilling temper
atures. No difference in eating quality between chilled 
and unchilled fruit was detected by the taste panel in 
bananas at these temperatures. These results confirm 
those of Aziz ct al. (1976). 

Conclusion 

The MA achieved using evacuated PEB was not elkc
tive in alleviating chilling injury in hananas stored at II 
or XOC for a minimum of I () days. The MA may be 
elTective fllr periods less than I () days. Althoullh the 
green life was equally extended at either I lor 8°C unlkr 
MA conditions. chilling damage limits the opportunity 
to usc these temperatures. 
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Storage of Fresh Pineapples 

Ratiporn Haruenkit*t and A. Keith Thompson* 

As with many other fruit, the pineapple is very sensi
tive to storage temperature. Storage at 7-8°C and 10°C 
has heen reeOllllllended for ripe and unripe fruit, 
respectively (Anon. 1989). Akamine et a!. (1975) incli
cated that the maximuIll storage period at 7°C was 4 
weeks. Pineappil's which arC' stored at less than rc for 
longer than 7 days will dcvelnp chilling injury, usually 
llIanifested as internal browning. Fruit which were 
stored at 4°C and 8°C for I () 20 days, followed by 
storage at 2()OC devclopccl internal browning. Also, 
fruit stored at I (l°e for 50 days dcvelopcd this symptom 
(Wills ct a!. 1(85). Rohrbad-I and Paull (1982) reported 
that storage of pineapple at 8°C for 1 week was long 
enough tn cause the development of internal browning. 
Paull and Rohrbach (1985) flluml that storage of pine
apple at 3. 8, and 12°C for 2- 3 weeks can induce 
intemal hrowning within 2 days when fruit were trans
ferred to 18-3()°C. In a storage experiment with the 
eultivar Mauritius. fruit were stored at 79°C for up to 
19 days without developing internal browning 
(Thompson 1987). Internal browning was detected in 
this cuitivar when it was stored at 8°C and 12°C for 3 
and 2 weeks. respectively. On storage at 5°C for 3 
weeks the fruit suffered chilling injury but did not 
develop internal hrowning (Hassan and Atan 1983). 

Akamine and Goo (1971) found that the storage life 
of Smooth Cayenne pineapple was significantly 
extended under 2't 0, at 7.2°C compared with air. Dull 
et a!. (1967) found th'lt the respiration rate of pineapple 
decreased as th~ concentration of 0 0 decreased. CO, 
levels up to IOc, had no detectable effect on the respira~ 
tion rate of pineapple at the commercial maturity stage. 
Kader et al (1985) recommcnded 5'.{. 0; and I W!c CO, 
at 10--1 5°C for pineapplc storage. Paull and Rohrbach 
(1985) found that stmage at Yk 02 and 5'k CO2, or 3'7c 
0 0 and O'k CO, did not suppress intemal browning 
sy~nptoms in Slllooth Cayenne stnred at 8°C. If fruit 
were exposed to 3% 0) in the first week of storage at 
22°C followed hy 8°C-. the occurrence was reduced. 
Storage of pineapple under hypobaric conditions was 
reponed to extend the storage life by up to 30-40 days 
(Staby 1971',). Storage of Mauritius pineapple under 

* Postharvest Technology Department. Si Isoc College. Cran
field University. Silsoe. Hedford MK4S 4DT. U.K. 
Present address: King Mongkut's Institute of Technology. 
Ladkrahang. Bangkok. Thailand. 

422 

modified atillosphere. using polyethylene film bags. for 
2 weeks at 10°C resulted in hlack heart development. 
The final 02 and CO2 contents in the bags were lOCk· and 
7'k. respectively (Hassan et a!. 1985). 

Smooth Cayenne pineapples from Mexico were har
vested at two maturities and stored at gas compositions 
of 2't 02 + 0'( CO2, 2% 02 + 10't· CO2, and 1'1<, 02 + 
0';; CO). and temperatures of 4,8, and 12°C. After stor
age, fnlit were transferred to 22°C for 3 and I', days. 
Pineapples stored under 1 'i'. 02 or 2% 02 and 10o/c CO2 
showed a delay in the development of internal brown
ing. The shell colour of pineapple changed at a slower 
rate when fruits were stored under controlled atmos
pheres rather than air. The half mature pineapples could 
be stored longer than mature fruit hy approximately 3 
days at 22°C. The change in shell colour of the fruit was 
retarded at 4°C but the subsequent development of the 
colour was incomplete at 22°C. Fruit also suffered from 
chilling injury during subsequent storage. The shell 
colour of the mature fruit changed to slightly orange
yellow at 8°C and 12°C after 3 weeks storage. The 
development of internal browning occurred with fruits 
stored at 12°C without being subjected to subsequently 
higher temperatures. The results indicate that pineapples 
should be stored for less than 3 weeks in all the condi
tions tested in these experiments. 

Materials and Methods 

Fresh Smooth Cayenne pineapples were shipped from 
Mexico by air. Fruit were originally graded from the 
field into mature and half mature. 

Controlled atmosphere storage 

Weighed fruits were placed in 25-litre sealed plastic 
boxes fitted with inlet and outlet tubes in temperature 
controlled rooms. The humidity inside the hox was 
created by placing 300 mL of water in each box with the 
fruit stored above. but not touching the water. Each gas 
mixture from a premixed cylinder was passed conti
nously through the fruit boxes at a now rate of 400 mL! 
minute. The gas compositions used were: 2'k 02 + ()Gt 
CO2, 2% 02 + lOS; CO 2, I 'k 02 + O'} CO2 ami an air 
control. Storage was at 8°C for 2 weeks followed by I 
week under normal air. 



Storage temperature 

Pineapples were ,tc)red at 4.8. and 12°C for 3 weeks. 

Assessment 

After storage fruits were transferred to 22°C for 3 and 
6 days before evaluation of fruit quality. TIle mature 
fruit were evaluated after 3 days while the half mature 
Cruit were evaluated after 6 days using scales described 
bv Rohrbach and Paull (1985). The scale of shell colour 
\;as 0-5, where 0 = green and 5 = yellow, orange
yellow, and coppery red. The scaic of pulp translucency 
was 0--4, where 0 = no translucency and 4 = maximum 
translucency. The internal browning scalc was 0-··6, 
where 0 = none ancl 6 = complcte brO\vning. Browning 
was scored separately ror each fruit both on the basis of 
ineidence and severity. Brix and acidity were measured 
using the juice from 'the centre slices or the fruit. Brix 
was measured using an Atago digital refractometer. 
Acidity, as percentage of citric acid, was determined by 
titration with 0.125N NaOH using bromothymol blue as 
indicator. 

Results 

Controlled atmosphere storage 

Aftcr 2 weeks storage the shell colour of the fruit was 
very similar to the initial colour. the change of colour 
started in the third week or storage. This continued more 
rapidly when the fruit were removed to noe (Table I). 

Table 1. Effect of controlled atmosphere storage at 8°C on 
the shell colour of pineapple (0 = green; 5 = yellow 
orange) 

Controlled Original Days at 22°C following 
atmosphere colour CA storage 

0 3 6 

2% 02 +0% CO2 
Mature 1.75 3.5 5.0 
Half mature 0.5 1.5 3.5 

2% 02 + 10% CO2 
Mature :1.25 3.0 3.0 
Half mature 0.75 D.75 4.5 

1% O2 +0% CO2 
Mature 2.25 .1.75 4.5 
Half mature 1.25 2.25 4.5 

Air 
Mature 2.0 4.0 5.0 
Half mature 1.0 2.5 5.0 
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Internal bruwning was not detected in the flesh when 
pineapples were stored at XO(' f,)r -' weeks in all treat
ments. The symptom developed when fruit were subse
quently stored at 22°C. The mature fruit did not develop 
internal browning within 3 days at 22°C following stor
age in a mixture of 2% 02 + 10% CO2 or 1% 02 + 00/<.' 
CO2 but the half mature developed internal browning 
within 6 days. The half mature fruit developed severe 
internal browning symptoms at 22°C following storage, 
which might be due to a too long storage period for the 
stage of maturity. The results showed that both the 
mature and the half mature fruil can develop this disor
der (Table 2). From this experiment it was noted that, at 
low oxygen concentration. the additive effect of high 
carbon dioxide could delay the development of internal 
browning for a short period. 

The pulp or the mature fruit rr,l[J1 all storage treat
ments turned translucent after :1 days at 22°C. The 
pulp of the half mature fruit was checked after 6 days 
at 22°C and the degree or translucency was about the 
same as that of the mature fruit. Translucency of the 
pulp is related to senescence which might be retarded 
if fruits were kept at low temperature under controlled 
atmosphere. The results from this experiment showed 
that the benefit of controlled atmosphere on the 
translucency of the pulp was limited (Table 3). 

Storage temperature 

The degrecning of the shell of pineapple was affected 
by temperature. At 4°C the shell eolour remained 
unchanged during storage for 2 or 3 weeks for both the 
mature and the half mature fruit. At 8°C and 12°C the 
shell colour of both types chang cd during storage. 
During storage at 22°C, following the low temperature 
storage, the shell colour of thc mature fruit changed to 
light orange-yellow within 3 days while for the half 
mature fruit the colour change took 6 days. Degreening 
of the shell colour of pineapple was temperature depen
dent (Table 4). The shell colour did not appear bright 
yellow after fruit had been stored at any of the low tem
peratures used in this experiment. It was observed that 
the development of the yellow colour was better after 
storage at 12°C than at 4°C and goe, particularly at 4°C 
the fruit developed a coppery red colour which indicated 
that the fruit had suffered from low temperature injury 
(Table 4). 

Pineapples stored at 4°C and goC did not develop 
internal browning during storage, but the symptom 
developed after they were transferred to noe (Table 5). 
Fruit previously stored at 4°(, for 2 weeks developed 
symptoms of chilling injury and no development of 
internal browning. At 12°C fruit developed internal 
browning before or after they were stored at 22°C. It was 
found that about half of the sample did not show the 
symptom of internal browning while they were held at 



Table 2. Development of internal browning (0 ~ none; 6 ~ complete browning) of pineapples under controlled atmosphere at 
soc. 

Controlled atmosphcn: Days at noc following CA storage 

2% ° 2+0% CO2 

Mature 
Half mature 

2% 02 + 10% CO2 
Mature 
Half mature 

1% 02+0%C02 
Mature 
Half mature 

Air 
Mature 
Half mature 

incidence 

0.0 

0.0 

0.0 

0.0 

0 

severity 

0.0 

0.0 

0.0 

0.0 

Table 3. TIle effect of controlled atmosphere at goC on the 
translucency (0 ~ no translucency, 4 ~ maximum 
translucency) of pineapple pulp. 

Controlled Days at 22°C following CA storage 
atmosphere ---

0 3 6 

2% °2+0% CO2 
Mature 0.5 4.0 
Half mature 3.0 

2% O2 + 10% CO2 
Mature 0.0 4.0 
Half mature 3.5 

1%02+0% CO2 
Mature 0.5 3.0 
Half mature 4.0 

Air 
mature 1.0 3.5 
Half mature 3.0 

12°C. The results from this experiment showed that 
internal browning can develop at 12°C without being 
subject to higher temperature storage. 

At 22°C, the pulp of the mature and the half mature 
fruit had become translucent within 3 and 6 days 
respectively regardless ofthe previous storage condition 
(Table 6). When the half mature fruit were stored at 
12°C for 4 weeks, without subsequent storage at 22°C, 
the tlesh was slightly opaque but the fruit was severely 
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3 6 

incidence severity incidence severity 

2.0 2.0 
4.0 5.0 

0.0 0.0 
6.0 5.0 

0.0 0.0 
2.0 2.0 

1.0 3.0 
1.0 1.0 

Table 4. Ine effect of low temperature storage on the shell 
colour (0 ~ green; 5 ~ yellow~orangc) of pineapple 
under normal air. 

Storage Original Days at 22°C following low 
temperature colour temperature storage 

0 3 6 

4°C 
Maturea 1.4 1.4 4.0 
Half mature 0.3 0.3 3.0 

SoC 
Mature 2.0 4.0 5.0 
Half mature 1.0 2.5 5.0 

12°C 
Mature 2.0 4.9 5.0 
Half mature 0.6 3.S s.o 

a Pineapple stored for 2 weeks 

diseased. This could have been due to initial bruising of 
the fruit during transit from Mexico. 

Discussion 

Paull and Rohrbach (19X5) found that CO2 at 5% had no 
effect on internal browning development in pineapples. 
CO2 elevation has an additive effect with low oxygen 
concentration so that the optimum concentration should 



Table 5. Development of intemal browning (0 ~ none; 6 ~ complete browning) of pineapples stored at low temperature. 

Storage temperature Days at 22°C following low temperature storage 

4°C 
Mature 
Half mature 

goC 

Mature 
Half mature 

12°C 
Mature 
Half mature 

incidence 

0 
0 

0 

1.5 

0 

severity 

0 
0 

0 

1.5 

be specified for each commodity. However, the effect of 
controlled atmosphere storage on pineapples was not 
extended to the fruits when they were removed to air. To 
overcome this problem, Hassan et al. (1985) suggested 
storing Mauritius pineapples in modified packaging 
until they reached consumers. This limitation of con
trolled atmosphere storage of pineapples indicates that 
the shelf life time after removal must be specified. 

Table 6. The effcct of low temperatures on the translucency 
(0 ~ no translucency; 4 - maximum translucency) 
of pineapple pulp. 

Storage Days at 22°C following low 
temperature temperature storage 

0 3 6 

4°C 
Mature 0.5 3.5 
Halfmature 0.0 3.5 4.0 

goC 

Mature 1.0 3.5 
Halfmature 3.0 

12°C 
Mature 1.75 3.0 
Half mature 2.0 

The result of our experiments also agree with previ
ous work (Wills et al. 1985; Paull and Rohrbach 1985) 
indicating chilling temperatures induced internal 
browning. The range of temperature that favours the 
development of internal browning is from 5°C to 21°C 
(Smith 1983). At 4°C fruit showed the development of 
chilling injury in the subsequent higher temperature 
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:1 6 
------~-------

incidence severity incidence severity 

1.25 1.25 
1.0 1.0 2.0 5.0 

1.0 3.0 
1.0 1.0 

1.75 2.75 
5.5 5.5 

storage with no development of internal browning. The 
same observation was reported with Mauritius pineap
ple (Hassan and Atan 1983). However, not all of the 
tested samples developed chilling injury which might 
have been related to the stage of maturity of each indi
vidual fruit. Grading offruit by using shell colour cannot 
reliably reveal the physiological maturity of fruit (Smith 
1983). 

Chilling injury was more severe on bruised fruits than 
on undamaged ones. The bruised area extended as the 
fruit were stored for longer periods and became con
taminated with microorganisms which resulted in spoil
age of the fruit during subsequent storage at 22°C. Fruit 
stored at 8°C developed internal browning after being 
placed at 22°C. In other work, maximum development 
of internal browning for fruit stored at this temperature 
occurred within 10 to 20 days (Wills et al. 1985). 
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The Effect of Sucrose Ester Coating on Ambient 
Temperature Storage of Several Fruits 

M. Bcpcte, N. Nenguwo, and J.E. Jackson* 

RU'RI(;I-:I{ATIUN facilities arc required for reducing the 
temperature of produce and holding it at the desired 
temperature until it is sold or used. Where this is not 
possible, other means of extending the shelf life have to 
be considered, One possibility is to reduce the gaseous 
exchange of the produce, TIlis willlO\\ier the rate of res
piration and therefore retard the rate of deterioration, 

It has been found that sucrose ester coatings alTect 
gaseous exchange (Kader et a!. I 9~6; Lidster I 9~7) by 
reducing oxygen uptake and carbon dioxide loss, These 
coatings also reduce transpiration, It was therefore sug
gested that they might be useful when refrigeration 
facilities arc not available, A trial was begun in January 
1990 at the Horticultural Research Centre (HRC) in 
Marondera. Zimbabwe, using 'Semperfresh' as the 
sucrose ester. 

Materials and Methods 

Five experiments were conducted on grapes, apples, and 
passion fruit. 
Ic~\perimCllI I, 0 and O.7 Cjb Semperfresh on five table 
grape cultivars - Black Sultana, Earlihane, Giant Isa
bella, Steuben and Thompson Seedless, 
Ic~\l'erim('fl1 2,0, Land 1,5';; Semperfresh on the apple 
cultivars Drakellstein and Mollies Delicious, 
Erperililenl 3. 0, I, and 1,5\;( Semperfresh on passion 
fruit (Purple variety, Passi{/ora cdulis), 
£xpcrimcnI 4, 0, I, and 1.5';; Semperfresh on the wine 
grape cultivar Chenin Blanc, 
/:'.rj)crimclll 5,0, I, and 1,5Cft Semperfresh Oil the apple 
cultivars Anna, Elah, Michal, and Maayan. 

Fruit ["rom the IIRC orchard were harvested at full 
maturity and treated immediately, There were 12-20 
fruit per treatment. 

The' Semperfresh' concentrations were prepared by 
first mixing the required amount with a small volume of 
water in a blender. This slurry was then stirred into the 
required volume of water in order to achieve the desired 
concentration, 

The fruit were dipped in the required concentration 
and allowed to drip dry, For the shelf-life observations, 
they were then placed on newsprint-lined trays in the 

Horticultural Research Centre, p, Bag 3748, Marondera, 
Zimbabwe. 
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laboratory, The control treatment (OCk.' Semperfresh) was 
applied by dipping the fruit in water only, 

The fruit were kept in the open at ambient temperature 
and observations made on d,lily weight changes and the 
occurrence of blemishes, Each fruit was discarded when 
symptoms of deterioration became obvious. 

The results were analysed by analysis of variance 
(with arcsine transformation for percentage weight loss 
data). 

Results 

Table grapes 

Coating table grapes with O,7 c/r Sernperfresh signifi
cantly (p < OJ)OO I) reduced weight loss by between 2.2 
and 19, I ,;( (9 days after treatment) compared with con
trols (Table I), The rate of weight loss reduction varied 
with cultivar, with Steuben showing least response and 
Thompson Seedless the highest For shelf-life extension 
Thompson Seedless showed the greatest response - 12 
days - followed by Black Sultana with 6 days Crable 
2), Earlihane, Giant Isabella, and Steuben all had three 
days shelf-life extension for coated materiaL '111e main 
cause of loss of shelf life was disease development and 
shrivelling, 

Table L Effect of Scmperfresh on weight loss of tablc 
grapes after 9 days at ambient temperature. 

Grape cultivar 

Black Sultana 
Earlihane 
Giant Isabella 
Stcuhen 
Thompson Seedless 

Percent weight loss/bunch 

o O.7'/r Semperfresh 

25.3 
25.4 
27.4 
14.8 
33,6 

15.9 
22.4 I1.S. 

19.5 
12.6 n.s. 
14.5 

n.s. = not significant H r- = significant at the O.Sq} level 

Apples 

Weight loss by Drakenstein and 'v1ol!ics Delicious six 
days after treatment was small and there were no sign i 1'
icant dil"fcrenccs between the different Sernperfresh 



concentrations Crable 3). However for all three levels 
cultivar Drakenstein lost signi ficantly (p < 0.000 I) more 
weight than Moll ies Del icious. The 1% Semperfresh 
coat had no effect on shelf lire of Drakenstein but 
extended Mollies Delicious shell' life by 2 days (Table 
4). The 1.5% coat extended Drakenstein shelf life by 4 
days. but had no effect on Mollies Delicious. 

Tablc 2. Effect of Semperfrcsh dip on the shelf life of table 
grapes held at ambient temperature. 

Grape cultivar Shelf life (days) 

0 0.7% Semperfresh 

Black Sultana :1 9 
Earlihane 3 6 
Giant Isabella -' 6 
Steuhcn 9 12 
Thompson Seedless 6 IK 

Table 3. Effect of Semperfresh on weight loss of fmit of 
apple. passion fmit and grape after 6 days at 
amhient temperature. 

Fruit Weight loss (%) 

o 1.0 1.5'0 Semperfresh 

/\I'pll' 
Drakenstein 5.2 5.5 5.7n.s. 
Hollies Delicious 3.3 3.7 4.:1n.s. 

Passion.t;-uit 27.3a 19.1b I K.5b** 

Grapc 
Chenin Hlanc 17.5 19.1 15.2n.s. 

n.s.= not significant; ** "" significant at the I ~Y(J levl.?l 
Across rows, means followed by the same letter are nol significantly 
different. 

Table 4. Erfect of Semperfresh on the shelf life (days) of 2 
apple varieties. passion fmi!. and a wine grape 
variety held at ambient temperature. 

Fruit Shelf life (days) 

0 I.() I.Se'; Sempcrfrcsh 

Apple 
Drakenstein 8 8 12 
Mollics Delicious 2 4 2 

P(Jssionjruil 2 6 6 

Grape 
Chen in Blanc 2 2 2 
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Weight loss of apples after 9 days was generally small 
and the response to Semperfresh nol significant (Table 
5), except for Michal and Maayan which showed signif
icant reduction for I and 1.5'1< as compared with the 
control. TIlere was no effect of Semperfresh coating on 
shelf-life extension of Michal and Maayan Crable 6). 
The I.S'/r, concentration had an adverse effect on Elah, 
reducing the shelf life, while the I % coating had a posi
tive effect. For Anna the I and 1.5'!i) coatings extended 
shelf life by 3 and 4 days, respectively. 

Tablc 5. Errect of Semperfresh on cumulative weight loss 
(%) of 4 apple varieties after 9 days at amhient 
temperature. 

Apple variety Weight loss «1,) 

() 1.0 I.Y!' Semperfesh 

Anna 
Elah 
Michal 
Maayan 

6.7% 
5.47b 
9.40b 
S.29b 

S.Ua 
3.52a 
6.67a 
5.47a 

n.s. = not significant: ** significant at the 1 <'v level 

5.77a*1" 
4.69b** 
6.18a** 
5.26a** 

Across rows. means follov·:ed hy the same letter arc not '\ignificantly 
difflTcnt. 

Table 6. Effect of Semperfrcsh 011 the shelf life (days) of 4 
apple varieties. 

Apple variety Shelf life (days) 

0 1.0 1.5'1, Semperfesh 

Anna 12a ISh 16b** 
Elah 14a 19b 11e** 
Michal 9 9 9n.s. 
Maayan 7 7 7n.s. 

n,s. = not significant; ** significant at the I q-; level 
Across rows. means followed hy the same letter arc nol significantly 
different. 

Passion fruit 

Coating purple passion fruit with Semperfresh signif
icantly (p < 0.(5) reduced weight loss (Table 3). How
ever, there was no significant difference in weight loss 
between I and 1.5';(., concentrations. Semperfresh coat
ing extended the shelf life of passion fruit by 4days and, 
as with weight loss, increasing the concentration from I 
to 1.5"", had no effect on shelf life Crable 4). 

Wine Grape ev. Chenin mane 

Treating Chenin Blanc with I.CVX- Scmpcrfresh accel
erated weight loss (Table 3). whereas a 1.50/,: coating 
significantly (p < 0.(5) reduced it. There was no effect 
of Semperfresh on shelf life (Table 4). 



Discussion 

The pOSitive effect of Semperfresh on weight loss 
reduction and shelf-life extension of table grapes 
(almost 20'/0 weight loss reduction for Thompson Seed
less) was most probably due to reduction of moisture 
loss, as the untreated material shrivelled at a much faster 
rate than coated fruit. Gourley (1922) attributed the 
greatest loss in weight to moisture loss. That the exten
sion of shelf life was related to weight loss further con
firms this observation. Grapc cv. Steuben had a longer 
shelf life for the control than other cultivars, most prob
ably because of its thick skin, further supporting the 
notion that moisture loss is a major contributor to weight 
loss. 

The variability in response to Semperfresh coating 
shown by both the conventional and low-chill apple 
cultivars might be due to differenccs in cuticle thickness 
or inherent ability to control water loss. However, the 
small weight losses suggest that the effect on shelf life 
was mainly a result of metabolic activity. This is sup
ported by the observation that coated material had a 
lower rate of colour loss and texture deterioration. The 
importance of texture and ground colour as quality 
attributes was stressed by Smith et al. (1987). 

The response of passion fruit to Semperfresh shows 
that increasing concentration from I to 1.5% is of little 
benefit to both weight loss reduction and shelf-life 
extension. The delay in the external wrinkling of the 
skin of treated fruit has important implications in the 
marketing of fresh passion fruit. 
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The wine grape Chen in Blanc showed no response to 
Semperfresh treatment, highlighting the variable range 
of responses to sucrose ester coatings. 

The variability in the degree of weight loss for the 
various fruit types, apart from species and concentration 
differences. was also due to the magnitude of the 
mass:surface area ratio (Smith et al. 1987), with larger
sized fruit (with a higher ratio) such as apples, losing 
less weight than grapes. 
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Effects of Different Precooling Methods and Times 
on the Storage Quality of Car am bola Variety BIO 

Azizah Osman and Razali MustafTa* 

CARAMBOLA or starfruit (AI'crrhoa carambo/a L., 
family Oxalidaceae) is quickly gaining market recog
nition (Sankat and Balkissoon 1992). It is popular in 
major markets of Singapore, Hong Kong, and Tokyo, 
as well as in Europe and America. Malaysia's exports 
of carambola are increasing annually (Mohd Idris 
1987). However, postharvest handling is complicated 
by the thin epidermis, and the fragile, ribbed shaped. 
and easily damaged fruit. Storage of earambola at as 
low as 10°C was found to be an effective means of 
prolonging shelf life (A. Osman, unpublished data). 
The objective of the study reported here was to deter
mine the effect of different precooling methods and 
times before cold storage (10°C) on the storage char
acteristics of carambola. 

Materials and Methods 

Fruit source 

Fruit of commercial maturity were obtained from one 
of the fruit fam1s owned by FELCRA at Cheras, Kajang. 
Only sound fruit, free from any mechanical injury and 
rots were used in the study. 

Precooling methods 

Fruit were subjected to different precooling methods 
(room temperature, rapid cooling, and hydrocooling: 
hereafter denoted as RT, RC, and HDr, respectively) and 
times (0, 12. 24, 36, and 48 hours) before cold storage 
(10 ± 1°C; 85-88% relative humidity). Fruit for RT 
precooling were left at ambient temperature (27 ± 1°C; 
60 80% relative humidity, RH). while fruit for RC pre
cooling were placed ncar the fan (with air velocity of 6.4 
metre/hour) of the cold room (5 ± 1°C; 61-84% RH). 
Hydrocooling was achieved by placing the fruit in a 
mixture of water and icc (to ensure that the water tem
perature was in the range of 0-3°(' throughout the pre
cooling time). 

* Department of Food Science, Faculty of Food Science and 
Biotechnology. Uniwrsiti Pcrtanian Malaysia. 43400 Ser
dang, Sclangor. Malaysia. 

430 

Weight loss and surface glossiness 

Three fruit x 3 replicates from cach precooling 
method and time were weighed and assesscd for skin 
surface glossiness on a scale from 5 = 100'1<, of fruit 
surface glossy to I = 0% of fruit surface glossy) at 10-
day intervals until day 40. 

Measurements of other physicochemical parameters 

Triplicate samples of 2 fruit from each precooling 
method and time were used in each determination. Tex
ture was determined using the Instron Universal Testing 
Machine model 1140. Colour was evaluated subjec
tively according to the colour index for carambola 
(FAMA 1990). 

The same 2 fruit used for texture determination were 
blended and pooled together for the determination of 
other parameters. Total soluble solids were determined 
using a hand refractometer (Kyoma HR-14 model). pH 
values were determined by Coming digital pH meter 
model 240. Titratable acidity was estimated by titrating 
the juice with 0.1 M NaOH using phenolphthalein as the 
indicator. Ascorbic acid was determined by the method 
of Ranganna (1977). 

Results and Discussion 

The results of this study are shown in Tables 1-4. The 
different precooling methods had a highly significant 
effect on all the physicochemical parameters. Hydro
cooled fruits lost less weight and exhibited less colour 
change (Table 3). The different precooling times had a 
highly significant effect on all the physicochemical 
parameters except for rate of moisture loss and ascorbic 
acid content. For the physical parameters, values gener
ally decreased with increased precooling times, but no 
consistent trene! was observed for the chemical parame
ters. 

The different storage times showed highly significant 
effects on all the physicochemical parameters studied. 
A longer storage time significantly reduced the surface 
glossiness, firmness, and titratable acidity. but signifi
cantly increased colour index. rate of moisture loss. 
ascorbic acid content. pH. and total soluble solids. 



Significant interactions were shown between the 
three main treatments in most of the physicochemical 
par~meters. suggesting that suitable combinations of 
these treatments could improve carambola quality 
during storage. 

Conclusion 

The three different precooling methods - RT, RC, and 
HDr - had variable influences on the physicochemical 
parameters associated with storage quality of carambola. 

Table 1. Mean squares of the analyses of variance of four physical parameters of carambola variety 8 10, 

Sourc~ of variation df Colour index Glossint'ss Rate of moisture Firmness 
(score) loss (kg force) 

Precooling mClhod (PM) 2 4.011 '* 1.731 ** 83.372** 1.502** 

Precooling time (lYf) 4 3.286** 0.803** 19.605 0.163** 

Slorage time (ST) 4 140.627** 120.003** 908.560** 18'()OO** 

PMxST S 1.137 0.242"* 29.320 0.901** 

PMxPT 8 1.368 0.133*" 16.051 0.128** 

STxPT 16 2.398** 0.156** 16.370 0.154** 

PM x IYfxST 32 0.805 0.04:1 13.742 0.077** 

Error 150 0.728 0.056 16.618 0.016 

TOlal 224 

* ** arc ~jgnificanl at YYr and 1 (,~(; Ic\cls rC."ipectivcly. 

Table 2. Mcan squares of the analyses of variance of five chemical paramelers of carambola variety H J(). 

SOlllTC or variation df Ascorbic acid Tilralahle pH Total soluble Ratio of 
acidity (TA) solids (TSS) TSS:TA 

(mg!100 g) (%) n3rix) (%) 

Precooling method (PM) 2 150.226** 16.484** 0.012** 2.090** 1.149** 

Precooling lime (PT) 4 21.192 3.509** 0.024*1 0.721 ** 0.125** 

Storage lime (ST) 4 514.433** 74.70·+** 0.143*'* 0.403** 6.169** 

PMxST 8 60.898** 4.036** 0.004** 0.298** 0.289** 

PMxPT 8 27.279* 1.264** 0.003* 0.489** 0.095** 

STx PT ](i 26.662** 2.509"'" 0.013* 0.211 * 0.205** 

PM x VI' x ST Y2 13.391 O.5XY'* o.om' 0.105 0.055** 

Enor 150 12.102 (J.2.N CWO I 0.109 0.035 

Total 224 

*. ** are ~jgnificant at 5% and I % levels respectively. 
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Table 3. Mcan values for colour index, glossiness, rate of moisture loss. and firmness of carambola variety BIO 

Main cffect' Colour index Glossiness 
(score) 

Precooling method (PM) 
RT 3.65 2.87 
RC 3.43 2.69 
HOr 3.19 2.56 
LSOO.05 0.31 0.09 

Precooling time (PT) 
o hours 3.58 2.85 
12 hours 3.57 2.80 
24 hours 3.61 2.76 
36 hours 3.39 2.62 
48 hours 2.96 2.53 
LSOO.05 0.39 0.11 

Storage time (ST) 
o days I.eX] 5.00 
10 days 2 .. 15 3.57 
20 days 3.68 2.56 
30 days 4.75 1048 
40 days 5.33 0.94 
LSOO.05 0.39 0.11 
Grand Mean 3.42 2.71 

aRT, RC. HDr are room temperature. rapid precooling and hydrocooling respectively 
NS - not significant. 

Rate of moisture loss Finnncss 
(%) (kg force) 

6.08 1.63 
6.69 1.46 
4.86 1.35 
1.31 0.09 

6.99 1.54 
6.11 1.54 
5.95 1.46 
5.48 1041 
5.31 1.44 
NS 0.11 

0.00 2.17 
3.33 2.13 
6.46 1.27 
8 ,1_ 0.94 

j 1.!:lL 0.88 
1.69 0.11 
5.95 1.48 

Table 4. Mean values for ascorbic acid, tilralable acidity (TAl . .' ',1 soluble solids (TSS), pH. and ratio of TSS:TA of 
carambola variety B 10 

Main effcct" Ascorbic acid Titratablc acidity (TA) 
(mgllOO g) \ (/, ) 

Precooling method (PM) 
RT 28.29 6.04 
RC 29.90 5.53 
HOr 27.08 5.10 
LSOO.05 1.211 0.26 

Precooling time (PT) 
o hours 27.51 5.98 
12 hours 29.39 5.1l5 
24 hours 28.31 5.33 
31l hours 28.67 5.52 
48 hours 28.24 5.29 
LSOOO5 NS 0.:13 

Storage time (ST) 
o days 24.78 7.05 
10 days 27.28 6.73 
20 days 31.75 5.30 
30 days 32.24 4.23 
40 days 26.08 4046 
LSOO.05 1.65 0.33 
Grand mean 28.42 5.56 

aRT. Re, HDrart.~ room temperature. rapid precooling and hydrocooling l't.',"'pedivdy. 
NS not significant. 
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pH Total soluble solids (TSS) Ralioof 
(OBrix) TSS:TA (%) 

3.78 8. IS 1043 
3.79 8.12 1.68 
3.79 7.85 1.55 
0.01 0.12 0.08 

3.81 8.20 1049 
3.75 8.10 1.52 
3.78 7.87 I.Sf> 
3.81 8.04 1.58 
3.80 7.98 1.62 
0.01 0.15 NS 

3.72 7.91 1.13 
3.74 XJ12 1.22 
3.79 SJ)6 1.62 
:'-85 8.17 1.98 
3.84 8.04 1.82 
0.01 0.15 0.10 
3.79 8.04 1.55 



Generally, HDr gave the lowest value, followed by RC 
and RT. Precooling times of more than 24 hours showed 
a deteriorating effect on the storage quality. Although 
the three precooling methods afrect the storage quality 
differently. all the fruits were unacceptable by day 40. 
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Effect of Maturity, Damage, and Humidity on the Ripening 
of Plantain and Cooking Banana 

R.S.B. Ferris*, H. Wainwrightt, and A.K. Thompson§ 

PLANTAIN and banana (MUSil spp.) arc major staple 
crops grown throughout the humid tropical !.One. They 
provide both a primary source of carbohydrate amI rev
enue for small-scale farmers. In sub-Saharan Africa, 
Musa crops provide more than 25% of the carbohydrates 
in the diet of more than 70 million people (IITA 1992). 

Estimates of postharvest loss of Musa crops in the 
traditional marketing systems range from 20-S0'/(). 
(FAO 1977; Olorunda and Aworth 19S4). The causes of 
such high levels of loss remain unclear but Karikari et al. 
(19XO), suggested that damage caused during harvesting 
and marketing was a major factor contributing to post
harvest loss of plantain. A link betweerl mechanical 
damage. early ripening, and economic loss of banana 
fruit suggested by Rippon (1974) and Littmann (1972). 
established th,}t moisture loss from preclimacteric fruit 
hastened ripening. The experiments in this study inves
tigated the effects of damage, fruit maturity, and storage 
humidity on the ripening ,ud climacteric response of 
Musa fruit. The treatments simulated the types of 
damage and storage conditions experienced by fruit in 
the traditional, tropical marketing process. 

Materials and Methods 

'111e experiments in this study were carried out at Kade 
Agriculturi" Research Station (Ghana). Silsoe College 
(U.K.), and the University of the Philippines at Los 
Banos. 

Three Ghanaian plantain cultivars were used in 
experiment I to detcmline the crfect of damage and 
maturity on ripening. The plantain cultivars were har
vested at three maturity stages based on days after tlow
ering. viz: fully mature, mature, and immature. After 
harvest, fruit were systematically treated using four 
damage treatments: control (no damage), impaction, 
abrasion, and quasi-static loading (Ferris 1992). Rate of 
fruit ripening was assessed by recording changes in peel 
colour until stage X - yellow peel with large coalescing 

, Plantain and Banana IIllpr()\L'Illcnt Programme. International 
Institutc of Tropical Agriculturc, f'.M.B. 5320. 01'0 Road, 
lbadan. Nigeria. 

;. :--Iatural Resource Institute. Chatham Avenue. Chatham Mar
itiIlle. Kent ME4 4TB. U.K. 

~ Silsoe College. Cranliclll InstitutL' of Technology. Silsoc. 
Bedfordshire. MK45 4UT. U.K. 

black spots (Von Loeseke 1949). Fruit moisture loss was 
measured by weighing fruit at regular intervals. 

Experiments 2 and .3 were conducted in controlled 
environment rooms at Silsoe College. These experi .. 
ments aimed to determine the effect of damage and 
humidity on fruit ripening. The plantain for these exper
iments were airfreighted from the West Indies by the St 
Lucian Ministry of Agriculture. In experiment 2, fruit 
were treated using three damage techniques: control (no 
damage), impaction, and abrasion. The fruit were then 
stored at low and high humidity: 55-65% RH and 96 
100<;1 RH. respectively. 

In experiment 3, fruit were abraded at four levels: 
control (no abrasion). I ()'I< of the peel abraded, 25% of 
peel abraded, and SO'k of the peel abraded. Temperature 
was controlled at 20°(, and relative humidity ranged 
from 70 to X5'X RH. A porometer (Mk 2. Delta T 
Devices, Canlbridge, U.K.) was used to compare the rate 
of water loss of control and abraded banana peel. 

Experiment 4 was conducted at Los Banos. This 
experiment was to determine the effect of damage and 
humidity on the preclimacteric period of cooking 
banana. Ethylene produced by cooking banana fruit was 
measured in a static system using a Shimadw gas chro
matograph series GC--RA, fitted with a flame ionisation 
detector. 
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Results and Discussion 

'111e results from experiment I (Table I) confirmed that 
the more mature the fruit was at harvest, the more rapid 
was the rate of ripening (George and Marriott 19X3). 
These data also showed that the largest reduction in 
ripening period was caused by abrasion to least mature 
fruit Crable I). Abrasion also caused a significant 
increase (P <; 0.(5) in weight loss (Fig. I). TIle effect of 
impaction on fruit ripening was inconsistent and only 
impaction of immature fruit ,'aused a significant, though 
limited, reduction in ripening period. 

Quasi-static loading had no effeet on ripening. In a 
similar study by Maxie et al. (196X). involving corn
pressiun damage u[' banana fruit. which arc physiologi
cally and l11orphologically similar to plantain and 
cooking banana, there was a substantial reduction in the 
prn'iimacrene pcriod. The difference in results from 
these two compression studics may be explained by the 
severity of damage. The compression treatment used by 



Maxie et al. (1968) involved a loading treatment which 
disrupted the peel membrane. In contrast, although 
quasi-static loading caused a consistent pulp injury, the 
peel remained intact. This difference in response related 
to peel integrity is clearly an important factor in terms of 
ripening time and suggests that preclimateric green fruit 
are a highly robust storage unit that can withstand con
siderable pressure without loss of quality or ripening 
period, providing the peel is not corrupted. 

Table I. 11lC effect of fruit maturity and damage on the 
ripening period of plantain 

Fruit maturity Types of damage 

Control Impact Abrasion QS loading" Mean 

Immature 22.3 20.2 13.7 22.1 19.7 
Mature 15.1 15.2 1 1. I 15.1 14.1 
Fully mature I 1.9 12.0 10.0 I 1.3 11.3 
Mean 16.4 15.K 11.6 16.3 

c.y. ~ 21.)% a Quasi-static loading 
LSD (1'<0.05) for comparison of any mean in main table ~ .1.28. 
l.SD (P$O.05) for comparison of mean at same level ofmatufity 2.0.1 

Experiments by Peacock (1973), found that a drop 
impact treatment and a 10% peel abrasion treatment 
reduced the 'green life' of bananas by only 11.5% in the 
most extreme case. Peacock considered this reduction 
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Figure I. The effect of damagl' treatments on percent change 
in weight of French plantain stored at ambient 
tropical temperature and humidity: recorded 
temperature range, 26-3 1°C; recorded relative 
humidity range. 70-96%. 
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was of no commercial significance. The results in 
experiment 1 confirmed that impact had a minor effect 
on ripening. ! !owever. abrasion caused a significant, 
(P :s; 005), 39% reduction in the ripening period of least 
mature fruit. Abraded fruit ripened 9 days earlier than 
the control. This considerable difference between the 
two experiments may be explained by the interaction 
between damage and storage humidity. 

When the effect of abrasion on fruit ripening was 
studied at high and low humidity (experiment 2), it was 
revealed that abrasion and impaction had no effect on 
ripening of fruit stored at high humidity (I OWla RH). 
However, at 55'X RH. abrasion caused a significant 
reduction in the ripening pl'riod (Ferris 1992). Evidently 
the accelerated ripening caused by abrasion is a passive 
effect dependent on humidity. Abrasion caused a reduc
tion in the 'green lire' or only fruit stored at a humidity 
of less than 100'k RH. 

Further investigation of abrasion at increasing levels 
of severity, on fruit stored at 75-R5% RH, showed a 
power relation between abrasion and fruit weight loss 
(Fig. 2). The data in Figure 3 also show a power relation 
between level of abrasion and ripening period. These 
data sets show that, over the initial ranges, i.e. from 2 
4% daily weight loss and 0-5% peel area abraded 
respectively, there was a dramatic reduction in ripening 
period. The significant change in weight loss and early 
ripening of abraded fruit may be explained by an 
increase in peel permeability to water. Figure 4 shows 
data obtained rrom porometric observations from sec-
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Figure 2 .. 111e power relation hctwl'l'n average percent change 
in weight per day and time to ripening or hananas 
stored at 70--80% relative humidity and 20°C. 
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Figure 3. The power relation between percent abrasion and 
the time to ripening of bananas stored at 70--85% 
relative humidity and 20°e. 

tions of undamaged and abraded pee\. The abraded peel 
shows a significant (P ~ 0.05) increase in pcel pennea
bility to water which is indicated in Figure 4 as a sig
nificant (P ~ 0.05) reduction in diffusion resistance, 
compared with the control pee\. 

When the effect of abrasion and humidity were stud
ied in terms of ethylene production and climacteric 
response, it was found that abrasion caused a consistent 
increase in ethylene pruduction. Fruit stored at 100% 
RH produced a stress ethylene peak in response to 
damage but, after this. ethylene produced by damaged 
fruit returned to near control levels after 2-3 days. Con
sequently, both damaged and control fruit stored at 
100% RH entered the climacteric almost simultaneously 
after approximately 15 days (Thompson et al. 1992). In 
contrast, damaged fruit stored at low humidity reached 
peak climacteric ethylene production after 7 days and 
control fruit stored at low humidity reached peak ethy
lene production after approximately ]() days. 

Conclusion 

The results from this study have important commercial 
implications, as ripening determines the 'green life' or 
'marketable period' of Musa fruit in the transport and 
marketing chain. Abrasion caused the Ilhlst significant 
reduction in ripening period and it was considered that 
the accelerated ripcning was caused by increase in peel 
permeability to water vapour. This water loss induced a 
water stress which triggered the climacteric response 
and hastened ripening. However, abrasion is not an 
active mechanism, because it does not induce the clim-
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Figure 4. The effect of abrasion on the moisture diffusion 
resistance of banana peel stored at 70-85% 
relative humidity and 20°e. 

acteric response independently. Banana fruit progres
sively lose water as humidity is reduced from 100%, and 
the rate of water stress is merely exacerbated by abra
sion. The results also showed that although abrasion was 
a serious form of damage, a simple manipulation of 
ripening environment, i.e. high humidity storage, could 
enable a retailer to avoid the detrimental effects of peel 
damage. When high humidity storage is not feasible, it 
is of practical importance for the harvester and retailer to 
be aware that small changes in the level of abrasion, i.e. 
from 0--5%, may cause dramatic reductions in ripening 
period. Hence. working practices should aim to avoid or 
minimise damage when a long market life is desired. 
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Modified Atmosphere Packaging by Perforated Polymeric 
Film and Its Effect on Physical Properties of Mango Fruit 

T. Yantarasri, J. Uthaibutra, J. Sornsrivichai, W. Kumpuan, V. Sardsud, and 
N. Kana-Thum* 

MODIFIED atmosphere (MA) packaging is a common 
technique to prevent weight loss, to provide better 
appearance, and to extend storage life of some fruits, 
However, each crop needs particular levels of gases (02 
and CO2) to prolong ,torage life while permitting 
normal ripening of climacteric fruits. 

Although previous studies showed that PVC plastic 
film packaging of mangoes further enhanced the effect 
of disease control pretreatments in delaying and reduc
ing anthracnose decay during storage, all types of plastic 
film inhibit the development of acceptable peel colour 
and normal ripening of flesh, regardless of storage tem
perature. Removal of the film after storage is therefore 
necessary. The study reported here showed that appro
priate perforation of PVC film can control levels of 0 7 

and CO2 within a packaged mango, as well as the rate at' 
ripening of the fruit. Perforated film effectively haltcd 
undesirable anaerobiosis and made the removal of the 
film after storage unnecessary. 

Fully mature-green mangoes, var. N am Dok Mai, 
were pretreated with 1000 ppm hot benomyl solution at 
55°C for 5 minutes. Each package contained three man
goes on a polystyrene tray over-wrapped with stretched 
PVC film of 0.01 mm thickness. More than three pack
ages were needed in each treatment for analysis of gas 
composition inside the packages and for periodic 
destructive tests to determine ripening behaviour. The 
mango packages were perforated with different total 
pore areas and kept at ambient conditions (30°C; 70% 
RH). 

Wrapping with film with any pore areas prevented 
shrivelling of the mango peel, which was significant in 
the nonwrapped packages, All perforated PVC films 
reduced weight loss from 32% in the control to less than 
15% at pore areas less than I cm 2 (Table I). Smaller 
total pore areas gave lower weight losses. 

Headspace concentrations of 02 ami CO2 inside the 
packages could be controlled at dilTerent levels by using 
an appropriate total pore area (Figs I and 2, Table I), 
The level of 02 inside the packages was the balance 
between 02 consumption rate and 02 inrIux rate through 
the package film and the perforated pore. Intlux rate 

* Chiang Mai University, Chiang Mai, Thailand. 

depends mainly on the total pore area (Fig. 3). Increas
ing total pore area from 0 cm 2 (unperforated film) up to 
infinity (control or nonwrapped package) therefore 
raised 02 levels parabolically from about 5% up to 
21%. 

25 

20 

15 

Total pore area (em?) 
---0 
--- 008 
-- -- 0.16 

- 0.24 

~ _. --- --- 0.32 

·······0.48 
- - - - 0.6' 

o~ 

10 

43~ 

- - . - - 0.80 
--- ---·0.96 ----- ____ ~.-~/"--- ·8.00 

OT----,----,-----,----,----T'----,' 
o 10 12 

Days after storage 

Figure 1. Hcadspacc levels of oxygl'n inside PVC film 
packages perforated with various total pore areas 
during storage of I11angocs for 10 days. 

Similarly, CO2 inside the packages is the result of a 
balance between the CO2 production rate and CO2 
egress through the package film and the perforations. 
Outflow rate also depends mainly on the total pore area 
(Fig. 3). Reducing total pore area raised CO2 levels 
exponentially, from 0.15% to 9.6%, However, at a pore 
area of 0 cm2 (unperforated film) the level of CO2 
declined. Thus, the maximum CO2 concentration did not 
occur in unperforated packages. This may be related to 
the suppression of respiration rate at 02 concentrations 
lower than 5% and the interference of anaerobiosis. In 
all unperforated packages, slight off-flavour develop
ment was observed. 

Although a rise of climacteric CO2 inside the pack
ages was found during the second day, ethylene levels 
were maintained at an average of 0.1-0.3% for all treat
ments. Thus, the result showed adequate pemleability of 
ethylene gas even in the un perforated packages. Fluctu
ation of 02 and CO2 levels at all treatment shown in 



Figure I and Figure 2 were probably due to the unsteady 
respiration rates of mangoes caused by variations in 
ambient conditions during storage (27-34°C; 55-9\ % 
RH). Since gases mainly permeate the pore area rather 
than the film surface, adequate perforation can be 
achieved regardless of the type of plastic film or thick-
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Figure 2. Headspace levels of carbon dioxide inside PVC film 
packages perforated with various total pore areas 
during storage of mangoes for 10 days. 

ness for the purpose of controlling the level of gases, and 
preventing Illoisture loss, shrivelling, and fenmentation. 

Altering the MA by perforation changed the rate of 
ripening. However, unperforated film stops the pro-

20 ---0, 
--6-CO, 

15 
• 

• 

• 
20,======= 

0, 

8-= 
Total pore area (erri) 

~ 

O~------"--------,,-------,,----,---,,-------,, 

o 0.2 OA 0.6 0.8 1.0 

Figure .,. 
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Relationship between average headspacc concen
trations of oxygen and carbon dioxide inside PVC 
film packages with various total pore areas during 
ambient storage of mangoes for 10 days. 

Table I. Effect of perforation on MA conditions inside mango packages, colour and some physical-chemical changes during 
storage at ambient temperature (27-34°C). 70% RH 

Total MA in package Colour hueb (a/b) Firmness Acidity Weight loss 
pore during I I days at 8 days a15 days at 5 days at 12 days 
areaa CO2 (%) 02 ('If ) C2H4 (%) Peel Fksh ( kg/cm2) (%) (%) 
(cm2) average average average 

(range) (range) (range) 

O.lXlO 8.41 4.73 0.104 -0.49G -0.09 we; 2.31 1.02 11.37 
(6.5-10.1) 14.2-5.4) (0.014-0.234) 

0.080 9.62 X.97 0.216 -0.47 G n. 16 GY 1.25 0.53 11.78 
(7.5-11.0) (8.0--10.5) (0.049-0.325) 

0.160 9.08 12.11 0.292 -0.36G O.I7Y 1.:13 0.26 11.96 
(6.1-11.5) (10.0--13.5) (0.068-0.484 ) 

0.240 8.43 13.04 0.315 -0.26G 0.18 Y 1.47 0.30 13.30 
(5.7-10.4) ( 11.6-14.7) (0.052-1.074) 

0.320 7.52 14.06 0.216 -0.21 G 0.21 Y 1.39 0.27 13.47 
(4.3 9.0) ( 13.2-15.3) (0. I 14- I .365) 

0.480 5.28 16.13 0.260 -CUO G 0.19Y 1.55 0.27 13.66 
(3.3-6.5) ( 15.3-17.2) (0.064-1.412) 

0.640 4.68 16.81 0.148 -0.17GY 0.19Y 1.:'9 0.1 I 13.83 
(2.9-6.8) (15.9- 18,C» «()'()78-0.243) 

0.8()() 3.52 17.70 0.179 -O.02GY O.20Y 1..15 0.11 14.24 
(2.6-4.9) (16.X-19.2) (0.052-0.430) 

0.960 3.14 ! 8.25 0.314 -0.19GY 0.23 Y 1.23 0.14 14.76 
( 1.8-3.9) (17.4I'Hl) (O,()47-0.586) 

8.000 0.61 20. I 0 0.164 -0.09GY 0.17 Y 1.55 0.12 20.63 
(0.3-0.8) (18.5-21.3) (0.046-0.330) 

0.15 20.6 I 0.106 -0.13 Y 0.17 Y 2.19 0.2 I 32.32 
(0.1-0.3) (I X.8-22. I) (0.036-0.166) 

a Total pore area on 5(X) cm2 wrapj)Cd film surface of mango package. b G Green. Y Yellow. W- White 
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ccsses, resulting in a significant delay of the loss of 
firmness, a decline of acidity, and the increase of total 
soluble solid content (TSS) (Table I), It also kept the 
peel and the flesh at green stage ~lfld produced a fer
mented tlavour and taste. The interruption of the ripen
ing processes in unperforated packages is possibly due 
to the lack of enough 0 7 to complete the processes 
(lower than 5%). Since m-ost of the plastic films have 
lower permeahility to gases than the PVC film used in 
the experiment, this suggests that most of the available 
plastic films cannot supply the 0, needed for proper 
ripening by 0, influx through the 111m alone. Adequate 
perforation wiTl be needed in any commercial MA tech
nique for ambient storagc of mango. For Nam Dok Mai 
mangoes, perforation of minimum pore area of 0.1 cm 2 

is sufficient to maintain 0 7 level higher than 9'ln, to 
reduce wcight loss by 64(!(; compared with the control, 
and to prevent fermentation. 
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Regardless of perforation. all fruits ripened at about 
the same pcriod of 5 days after harvest. There was no 
significant cffcct on loss of firmness, reduction in acid
ity, the inercasc of TSS, and colour development of the 
flesh of ripened mangoes (Table I). However, perfora
tion significantly delayed colour development of the 
peel. so that the l1esh cloured first. Thc inhibition of 
carotene pigmentation in the peel can be related to 02 
tension inside the package but not to CO2 accumulation. 
To develop peel colour to the marketable stage, a mini
mum total pore area of 0.64 cm2 wi II be required to bring 
02 above the l6 ck· essential for peel colour development 
to greenish. For the tlesh, a minimum total pore area of 
0.08 cm2 is needed to bring 02 level to the 9(j( adequilte 
to allow colour development. In the packages with the 
small pore areas, when the fruits began to be overripe. a 
significant delay of the decline of acidity was observed, 
as well as an acceleration of the loss of firmness. 



Productivity and Postharvest Behaviour of Black Sapote 
in the Israeli Negev Desert 

Avinoam Nerd and YosefMizrahi* 

Abstract 

Seedlings of black sapote (Diospyros diRyna) were planted at two sites in the Negev: Qetura with hot summer 
temperatures and saline water (4 dS/m): and Besor with mild temperatures and freshwater (I dS/m). Trees started 
to bear fruit in the third year and fruit yield ranged from 2-24.5 and 6.1-61.4 kg/tree at Qdura and Besor, 
respectively, in the fi flh year. A verage fruit weight was 115 g at Qetura, and 50% higher at Besor. Fruit ripened 
at Qetura in the winter (Dec.-Feb.) and at Besor in the spring (Apr.-May). Full-sized fruit were harvested and 
stored at 10°C and 20°C (85% relative humidity). The average time [rom harvest to softening was 29 days at 10°C 
and 13 days at 20°e. At the softening stage, fruit of the two storage treatments were similar in water loss 
(11-16%), pH (6.4-6.9). acidity (0'(J2-0.04 meq/g fruit weight), and EC (2 .. ,-3.0 dS/m). but reducing sugars 
content was higher at 10°C than at 20°C (14.6--17.5% vs 11.5-14.5%). Wrapping the fruit in plastic film extended 
the time between harvest and softening by 40-50% at 20°e. Carbon dioxide evolution rate did not change during 
storage, while ethylene evolution had a climacteric peak. TIle fruit lasted at best 10 days after softening for the 
fruits stored at 10°C and 7 days after softening for those stored at 20°e. 

* The Institute for Applied Research, Ben-Gurion University 
of The Negev, Beer Sheva 84110, Israel. 
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Storage and Ripening of Kenyan Mangoes 

J.K.T.Imungi* 

Abstract 

Finn. mature-green mangoes of the Kenyan Ngowe variety were stored at ambient temperatures (22.2± 1.3°C) in 
scaled nonpcrforated plastic bags (gauge ISO) with or without potassium pennanganate inserts, and in perforated 
fibreboard cartons. Initially. then after three days, and thereafter every two days during storage, the fruits were 
analysed for weight loss. pH, acidity (total titratable, fixed and volatile). total soluble solids (as °Brix), total 
carotenoids content, skin and llesh colour. ascorbic acid content. and overall skin condition, all as indicators of 
ripening. It was observed that the fruits stored in fibreboard cartons were fully ripe and ready to eat after the 5th 
day of storage and that beyond the 9th day of storage the fruits could be considered overripe and unacceptable. 
The fruits stored in plastic bags on the other hand. were fully ripe after the 7th day of storage and became unac
ceptable after the 11th day. There was no significant difference between the ripening rates of the fruits stored in 
plastic bags. with and without potassium permanganate inserts. 

* Department of Food Technology and Nutrition. Faculty of 
Agriculture. University of Nairobi. P.O. Box 29053. Kabete. 
Kenya. 
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The Storage of Sapodilla (Manilkara achras L.) 
at 10, 15, and 20°C 

Mohamad Nordin bin Abdul-Karim*, Latifah Mohd Nod, 
and Abdullah Hassant 

Abstract 

An increase in temperature led to an increase in weight loss in stored sapodilla. Fmit stored at 10°C for 28 days, 
I soe for 21 days. and 20 0 e for 16 days exhibited excessive wilting. Fruit stored for 21 days at 200 e had begun to 
rot. The loss of cell integrity was reflected in reduction in fruit size, and changes in colour and firmness. 

The storage temperature and time did not greatly affect tbe pH and total soluhle solids of the fruit. The total 
sugar content was inlluenced hy storage temperature for all storage duration except day 10. 

Fruit stored at 10°C for 28 days failed to ripen properly, indicating chilling injury. Sensory evaluation per
formed on ripened fruits showed that organoleptic attributes ofthc fruits were not affected hy storage temperature 
and time. 

earbon dioxide and ethylene productions were greater and thdr peaks reached earlier. at higher storage tem
peratures. The ethylene peaks coincided with those of carbon dioxide when storage was at 10 and 15°e The eth
ylene peaks were reached one day earlier at amhient and 20°e. 
Sapodilla of Jantung variety could be stored at lOo e for 21 days. 15°e for 16 days, and 200 e for 10 days. Pro
longed storage at looe led to chilling injury. 

* Universiti Pertanian Malaysia. 43400 UPM. Serdang, Selan
gar. Malaysia. 

T Food Technology ~ivision, MAROI, GPO 80x 1230 I. 
50774 Kuala Lumpur, Malaysia. 
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Factors Influencing the Ripening of 'Chanee' and 
'Monthong' Durians 

Pcerasak Chaiprasart and Jingtair Siriphanich* 

Abstract 

To understand the differences in ripening pattern of the two most important durian cuItivars in Thailand, 1-

amino-cyclo-propane- I-carboxylic acid (ACC) content, ACC-synthase, and ethylene fom1ing enzyme (EFE) 
activities were analysed in the husk and the pulp of mature Thanee' and' Monthong' durians, ACC in both tissues 
of the two cultivars gradually increased from harvesting until the fruit were fully ripe, Higher accumulations or 
ACC were found in the pulp and in 'Chance', ACC-synthase activity was low at harvest. It gradually increased in 
'Monthong' and peaked 6 days after harvest. In 'Chanee', it rose more rapidly, peaking at day 3. ACC-synthase 
activity in the pulp was about 5 10 times lower than that in the husk. EFE activity was also lower in the pulp, and 
there was a higher activity of this enzyme in 'Chanee'. The results indicated that the slower ripening rate in 
'Monthong' was due to the activity of both enzymes, 

* Universiti Pertanian Malaysia, 43400 UPM, Serdang, Selan
gor, Malaysia. 

j' Food Technology Division, MARDI. GPO Box 1230 I, 
50774 Kuala Lumpur, Malaysia. 
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Effects of Ethylene Application on Fruit Postharvest 
Characteristics of Cucumis metuliferus Mey. 

A. Benzioni, s. Mendlinger, and M. Ventura* 

Abstract 

Cucumis metuliferus Mey. (kiwano, melano) is a climbing annual with yellow-orange fruits and a green, juicy 
mesocarp. The plant originates in Africa and is currently exported as a speciality ornamental fruit to the European 
market. The best prices are received for large and homogeneously orange-coloured fruits. We surnlised that the 
export season might be advanced by applying treatments designed to enhance colour development and improve 
fruit quality. In this work, the effect of ethylene application on fruit pigmentation, ripening, and quality was 
studied. 

Application of J 60 ppm ethylene for 24 hours to mature-green fruit caused a rapid decrease in chlorophyll and 
a gradual increase in yellow pigments in the fruit peel. Treated fruit turned yellow-orange and softened much 
more rapidly than untreated fruit, which were still not fully ripe three months from harvest. The response to eth
ylene was affected by fruit age, decrease in chlorophyll after ethylene application being smaller in immature than 
in mature-green fruit; correspondingly, increase in yellow pigments was considerably less in the former. 
Response to treatment with 1.6 ppm ethylene was slight, 16 and 160 ppm having a much more significant effect 
on fruit pigmentation. 

It seems that by harvesting fruit when still green and treating it with ethylene a few days before marketing it 
should be possible to extend the export season. 

* The Institute for Applied Research. Ben-Gurion University 
of the Negev, P.O. Box 1025. Beer-Sheva 84110, Israel. 
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Part 5 - Postharvest Diseases and Disorders 



Mango Postharvest Disease Control: Effect of Rain at 
Harvest, Fungicide Treatments, and Fruit Brushing on 

Fruit Appearance 

Tony W. Cooke* and Greg I. Johnsont 

IN Australia, postharvest treatment of mangoes cv. 
Kensington Pride with hot benomyl for control of 
anthracnose (Colletotrichum gloeosporioides) has been 
practiced for almost 20 years. More recently. a dual 
treatment of hot benomyl followed by prochloraz has 
been introduced to provide control of anthracnose. 
stem-end rot (caused by Dothiorella dominicana, 
Lasiodiplodia theobromae, and Phomopsis mangife
rae), and alternaria rot (caused by Alternaria alternata) 
on export mangoes. In commercial packing sheds, the 
fruit are then brushed following treatment to dry them, 
and to remove spray residues. sooty mould. and scale 
insects. Generally. the treatments have been well 
accepted, but there have been occasional reports of skin 
damage (Fig. I) following packing shed treatment of 
fruit harvested after rain. As a consequence, growers 
have been reluctant to follow the recommended proce
dure (Fig. 2) after rain. and rain-harvested fruit have 
suffered increased wastage due to disease. 

Figure l. L-R: nil blemish; superficial skin damage; shrivel 
damage and associated dehydration. 

In an experiment conducted with fruit from southern 
Queensland. mangoes were harvested following rain . 
and around 18 hours later were subjected to the recom
mended packing line treatments. Some fruit were 
excluded from particular components of a hot benomyl, 
prochloraz. and fruit-brushing regime. and the impacts 
of the individual components and their combinations on 
fruit appearance were assessed during storage at 22°C. 

* Division of Plant Protection. QDPI. 80 Meiers Road.lndoo
roopilly, Qld 4068, Australia. 

t Division of Honiculture. CSIRO, 306 Carmody Road, St 
Lucia, Qld 4067, Australia. 
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I Harvest fruit by hand 

I 

I Fru it stored overnight (18 hours) I 
in shed (19.5-31.5'C) 

COMMERCIAL RECOMMENDED 

• • Destemed. inverted. bled Destemed. inverted. bled 
of sap on conveyor belt for of sap on conveyor belt for 
20 minutes while passing 20 minutes while passing 

under a water spray under a water spray 

• • Fruit submerged in hot Fruit submerged in hot 
benomyl (49-52'C) and benomyl (52'C) and 
moved by metal paddles moved by metal paddles 
through tank in 4-5 min. through tank in 5 min. 

• • Under a prochloraz Under a prochloraz 

overhead spray for 15-30 overhead spray for 30 

seconds seconds 

• + 
Fruit pass over brushes to Fruit are drained and 

remove debris and -. cooled in air 
residues 

~ ,I 
Fruit packed by hand into 
single layer cartons with 

poly inserts 

t 
Cartons stacked in pallets ,,. Store at ambient 
and stored in cold room (20-30°C) 

(13°C) overnight 

Figure 2. Mango packing line system comparing the 
recommended treatments and what tends to be the 
commercial situation, following rain at harvest. 



Hot benomyl treatment rendered the fruit prone to post
dipping damage from fruit brushing. Damage, as super
ficial skin browning, was more severe when the fruit 
were also treated with prochloraz before brushing (Fig. 
3). Fruit shrivel (Fig. 4) (severe skin damage resulting in 

dehydration and associated skin shrivel) and weight loss 
(Fig. 5) after 13 days at n°e. were more severe on 
mangoes that received the combination treatment of hot 
bcnomyl followed by prochloraz followed by brushing. 

Untreated 

Hot benomyl 

C 
OJ 
E 
ro 
~ 

Prochloraz 

c-

Hat benomyl 
+ proch loral 

No brushing • Brushing 

•••••••• cd Untreated 

de 

'lating (0--3) 

~ Hot benomyl 

E 
ro 
'" ~ Proc~lloraz 

Hoi benomyl 
+ proch loraz 

D No brushing • Brushing 

Ratina (0--3) 

Figure 3. Skin damage on mangoes stored one day at 
ambient (l8-28°C) and ]J days at n°e. Ratings: 

Figure 4. Shrivel damage on mangoes stored one day at 
ambient (lS-2S0C) and !3 days at 22°e. Ratings: 

O. nil; I, slight; 2. moderate: 3. severe. O. nil; I. slight; 2. moderate; 3, severe. 

D No brushing • Brushing 

~~~~~Ib 
:ij Hot benomyl J b 

Untreated 

E 
ro Prochloraz J a 

~ Hotbenomyl !! ~~~~~!Ib 
+ prochloraz I I 

Weight loss (%) 

Figure 5. Weight loss of mangoes stored 13 days at 22°e. 
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Sour Rot Disease on Citrus Fruits: Importance and Control 

Klaus Richter* 

THE fungus known as Endomyces geotrichum Butler & 
Petersen (anamorph, Ceotrichum candidum Link ex 
Pers.) is the agent responsible for sour rot disease on 
citrus fruits and for postharvest decay in several other 
crops. It has been reported in most areas where citrus is 
grown, and occurs on all cultivars (Whiteside et al. 
1988). 

The fungus also causes diseases in humans and ani
mals. It has been reported by Gumowski and Girard 
(1985) that C. candidum is the actio logical agent of 
gastrointestinal disorders, chronic urticaria, asthma, and 
rhinitis. Human isolates of C. candidum obtained from 
patients of the medical clinic of Leipzig University were 
found to be pathogenic to different cultivars of citrus, 
tomatoes, and carrots. These results are in accordance 
with those of EI-Tobshi and Sinclair (1965) who stated 
that human and animal isolates of C. candidum are 
pathogenic to different fruits and vegetables. This 
example underlines the importance of sour rot disease to 
humans. 

Although losses due to sour rot are relatively small 
worldwide, the fungus has often been found on the 
market in Germany in the last few years. Figure I shows 
that from 1984 to 1988 a steadily increasing incidence 
could be measured. 

The long-term usc of benzimidazole fungicides may 
be the cause for this appearance. Geotrichum is insensi
tive to benzimidazole fungicides used to control the 
other major citrus decays. In fact, applications of this 
chemical may even increase the incidence of sour rot. 
Tests with benzimidazole fungicides in vitro and in vivo 
demonstrated stimulating effects on sporulation of C. 
candidum. Formation of conidia after application of 
1000 ppm active ingredient benomyl, carbendazim, or 
TBZ was up to 2 times higher than in untreated controls 
(Table I). 

Figure 2 shows that oranges treated with the same 
concentrations were more susceptible to infection by C. 
candidum than untreated ones. 

The results given above indicate that effective control 
measures arc needed to eliminate or minimise the risks 
associated with the importation of infected or spore
contaminated fruits. 

* Division of Plant and Postharvest Protection. Faculty of 
Agriculture. University of Leipzig, Fichtestrasse 28. D-
40275 Leipzig. Germany. 
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Figure 1. TIle share of sour rot (Ck) from total loss in citrus 
fruits imported from Cuba (Leipzig Market; aver
age of 4 cultivars) 

Table 1. Effect of benzimidazole fungicides on growth and 
sporulation of Geotrichum candidum (% of 
untreated control) 

Criterion Fungicide 
(1000 ppm active ingredient) 

Benomyl Carbendazim TBZ 

Mycelial growth 58.1 79.9 90.1 
colony diameter (1ll111) 
Sporulation per cm2 128.6 185.7 140_0 
(105 conidialcm2) 

All efforts should be directed to establishing inte
grated control strategies as follow: 
I. Safe picking and handling after harvest and importa

tion, and control of peel-sucking insects, to prevent 
injuries. According to Baudoin and Eckert (1985) 
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Figure 2. Effect of benzimidazole fungicides on the incidence of sour rot (1000 ppm active ingredient; 26°C; Citrus sinensis) 
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Figure 3. Inllucnce of injuries on the incidencc of sour rot 
(Citrus sinensis, 8 days after inoculation. average of 
3 fruit colours) 

deep wounds to the albedo may lead tn high infection 
levels. as Figure 3 shows, 

2, Cooling after harvest and during transport and storage 
reduces the speed of fungal dC\elopment. but cannot 
completely inhibit mycelial growth and sporulation 
(Fig,4) 
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Figure 4. Influence of temperature on growth and sporulation 
of Gcotrichum candidum (26°C. 7 days after inocu
lation) 

3, Removal of infected fruits is necessary to prevent 
further distribution of the disease, because one 
infected fruit is able to contaminate up to 20 healthy 

, ones in a box, 
4, For special postharvest treatment against G, can

didum. sodium-o-phenyl-phenate is usually applied 



Table 2. Influence of growth regulators and auxin-like compounds on Geotrieilllm candidum in vitro and in vivo 

Criterion Untreated Chemical compounds (active ingredient/concentrations. ppm) 

Ethephon A 
3000 250 
(I) (2) 

Mycelial growth 79.5 49.5 78A 
colony diameter (mm) 

Sporulation 440.7 62.9 708.0 
(I04c/cm3) 

Germination of 89.6 0.6 83.6 
conidia (%) 

Infected fruits (%) 92.0 48.0 25.0 
(Citrus sinensis) 

A = 2.4-dichlorophenoxy acelic acid 
B - 2-(2,4-dichlorophenoxY-lllelhyl)-henzilllid'lLoic 
C = 2-111elhyl-4-chlorophenoxy acelic acid 
D = n-propylalllllloniulll-4-chlorophhenoxyacelale 

B 
250 
(3) 

48.6 

I06A 

64.2 

34.0 

during the washing process, and guazatine, which is 
more effective, is applied after washing in aqueous 
formulations (Whiteside et al. 1988). 

As was shown by El-Kazzaz et al. (1983), ethylene 
either inhibits or stimulates the development of certain 
postharvest fruit-infecting fungi depending on the time 
of application. 

In our experiments we found that ethephon, the 
degreening agent, in combination with auxin-like com
pounds gave good results in controlling the disease 
(Table 2). 

In addition to 2,4-D (A), compounds with lower tox
icity than 2,4-D, which have auxin analogue activity and 
contain the 'dichlorophenoxy' -group, also reduce 
mycelial growth, sporulation, and disease incidence, 
possibly by delaying the onset offruit senescence. These 
preliminary results may stimulate further investigation 
in the field into the use of growth regulators. 

C D Combinations 
125 1000 
( 4) (5) 1+2 1+3 1+4 1+5 

78.6 69.3 0.0 13.7 

617.5 626.7 0.0 12.3 0.7 0.0 
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1.0 5A 

IU 10.0 14.0 11.4 
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Hot-water Control of Anthracnose on Mango Varieties 
Arumanis, Golek, and Manalagi 

Suhardjo, C. Hermanto, and Yuniarti* 

MANGOES of the Arumanis, Golek, and Manalagi 
varieties have high commercial value in Indonesia. 
Observations made at the central market in Kramatjati. 
Jakarta, showed that most of the three varieties were 
damaged by microorganisms, including CollelolrichulII 
gloeosporioides. Amounts of damage to the three varie
ties were 31.l %,24.4%, and 16.4%, respectively. 

Various techniques to control anthracnose have been 
tested, including dipping in 500-1000 ppm benomyl 
solution at 52°e for 5-15 minutes. Previous studies 
indicated that dipping in hot water was enough to pre
vent anthracnose, but the temperatures and times needed 
were not known with any precision. 

During 1992, mangoes of the Arumanis, Golek, and 
Manalagi varieties, picked as commercially mature 
fruits in Kraton, Pasuruan, East Java, were studied at the 
Post Harvest Laboratory of Malang Horticulture 
Research Station. 

Preliminary studies to determine the proper concen
tration of ColletotrichulII gloeosporioides inoculum 
indicated that Arumanis, Golek, and Manalagi devel
oped anthracnose 7 days after inoculation at a concen
tration of 110000 spores/mL at room temperature. 

Harvested fruit were inoculated with Colletotrichum 

gloeosporioides solution at a concentration of 110 000 
spores/mL, then incubated for 24 hours at room temper
ature. Hot-water treatment was applied in a factorial 
randomised block design. The first factor was variety 
(Arumanis, Golek, and Manalagi) and the second dip
ping treatment (no dipping, water dipping at room tem
perature, and hot-water dipping at 49, 51, or 53°e for 5 
and 10 minutes). Each treatment involved 15 fruit and 3 
replications. Fruit were stored at room temperature 
(27-33°C) and 52-61 % relative humidity for 7 days to 
observe anthracnose. 

The results of the observations showed that there was 
no interaction between varieties and dipping treatment, 
but there were significant differences between dipping 
treatments and disease occurrence and spread (Tables I 
and 2). 

Table I indicates that hot-water treatment at 49°C for 
10 minutes, or 51°C or higher for 5 minutes, gave the 
best suppression of anthracnose on mangoes of the three 
varieties, and Table 2 that hot-water treatment at 51°C 
or higher for 10 minutes was the most effective. 

The difference of anthracnose intensity on Arumanis, 
Golek, and Manalagi might be due to differences in fruit 
characteristics (Table 3). Fruit ripening showed that 

Table 1. Average percentage of fmit number attacked hy anthracnose following dipping at 49, 51, or 53°C for 5 or 10 minutes 
and 7 days storage under ambient conditions. 

No. Treatment Ammanis Go1ek Manaiagi Averagea 

(% fmit number) 

1. No dipping 13.89 55.00 52.22 4O.37a 
2. Dipping at room temperature 8.33 50.56 57.22 38.70ab 
3. Dipping 49°e, 5 min 18.89 34.44 42.78 32.04ab 
4. Dipping 49°C, 10 min 0.0 23.33 36.11 19.81abc 
5. Dipping 51 °e, 5 min 4.44 20.00 16.11 9.38bc 
6. Dipping 51 °e, i 0 min 0.0 5.55 3.33 2.96c 
7. Dipping 53°C, 5 min 0.0 15.00 7.22 7.4lc 
8. Dipping 53°e, 10 min 0.0 0.0 5.00 1.67c 

Averagca 5.69y 25.49x 27.50x 
Not inoculated 1.67 25.00 15.56 

a Means followed by the same letter in the same column (a, b, c) and in the same row (x, y) were not significantly different at 5% LSD lest. 

* Malang Horticulture Research Station, P.O. Box 188, Malang 
65152, East Java, Indonesia. 
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total soluble solids were significantly highcr in Golek 
and Manalagi than in Arumanis mangoes (Table 4). 

Hot-water treatmcnt of Golek appeared to change 
fruit skin colour. The skin beeame more yellow eom-

pared with that with no hot-water treatment. Also, fruit 
treated with hot water ripened more rapidly, though 
there were no differences in fruit quality. 

Table 2. Average percentage area of spread of anthracnose per fruit following dipping at 49, 51, or 53°C for 5 or 10 minutes 
and 7 days storage under ambient conditions. 

No. Treatment Arumanis Golek Manalagi Averagea 

(9(; area of fruit affected) 

I. No dipping 1.15 2.56 5.00 2.90ab 
2. Dipping at room temperature 0.72 3.63 5.29 3.21ab 
3. Dipping 49°C, 5 min 2.64 1.90 2.53 2.36ab 
4. Dipping 49°C, 10 min 0.0 1.37 1.14 0.84abc 
5. Dipping 51°C, 5 min 3.17 0.88 2.70 2.25ab 
6. Dipping 51°C, 10 min 0.0 1.52 0.37 0.63b 
7. Dipping 53°C, 5 min 0.0 3.87 0.89 1.59ab 
S. Dipping 53°C. 10 min 0.0 0.0 1.20 O.40b 

Averagea 0.96y 1.97x 2.39x 
Not inoculated 0.54 9.94 4.78 

a Means followed by the same letter in the same column (a, b. c) and in the same row (x, y) were not significantly different at 5% LSD test. 

Table 3. Characteristics of mangoes of Arumanis, Golck. 
and Manalagi at harvest 

Variety Skin thickness VitaminC TSS Acidity 
(mm) (mg/l 00 g) (%) (%) 

Arumanis 2.14a* 28.74h 10.07a 0.82b 
Golek 1,59b 64.06a 9,ooh 1.26a 
Manalagi 2,29a 30.90h 10.57a 0,50c 

* Means followed by the same letter in the same column (a, b. c) were 
not significanlly different at 5% LSD test. 
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Table 4. Average acid content, vitamin C, TSS content, and 
hardness of fruit flesh of ripe mangoes, averaged 
over dipping treatments 

Cultivar Acid content VitaminC TSS Hardness 
(%) (mg/loo g) (%) (kg) 

Arumanis 0.08a S,24c 20,25b 3,64a 
Golek 0.07a 35.37a 20,79a 3.43a 
Manalagi O.07a 16.80h 21.09a 2,68b 

* Numbers in the same column followed by the same letters were not 
significantly different at 5% LSD test. 



Efficacy of Propiconazole against Fungi Causing 
Postharvest Disease on Eksotika Papaya 

Sepiah M.* 

FUNGI known to damage Eksotika papaya fruit during 
storage arc Alternaria alternata, Botryodiplodia theo
bromae, Botryo~phaeria rihis, Colletotrichum capsici, 
Fusarium solani, Cilbertella pcrsicaria, Phomopsis 
caricae-papayae, Ceralocyslis paradoxa, and Clados
porium oxysporum (Sepiah 1992). or these pathogens, 
Colletotrichum capsici was the most important, affect
ing almost all stored fruit. Many previous reports indi
cate that benomyl, thiabendazole, or daconil can control 
fruit diseases of papaya when appl ied either before or 
after harvest (Broadrick et al. 1972: Fraire Mora 1973; 
Bolkan et al. 1976; Couey and Farias 1979; Alvarez et 
al. 1977; Couey et al. 1984). However, these fungicides 
were found to be ineffective in controlling fruit diseases 
or Eksotika papaya (Sepiah et a!. 1991). Propiconazole 
and prochloraz showed more promise when used to treat 
disease infection on the fruit. Since then, further studies 
have been conducted using these two fungicides to 
detemline their proper and effective usage in controlling 
postharvest diseases of Eksotika papaya. 

This paper presents some of the results of the studies 
using propiconazole to control diseases of papaya 
during storage. 

Materials and Methods 

The effect of propiconazolc on growth of fungi isolated 
from diseased fruit during storage was assessed on 
amended potato dextrose agar (PDA). The final concen
trations of propiconazole incorporated into PDA were 
0.1, 1.0,5.0, 10.0, and 50 ppm. PDA without the fungi
cide was used as a control. The diameters of the mycelia 
on amended agar in 90 mm petri dishes were measured 
daily for 5 consecutive days. Growth of the fungi on the 
10th day was also observed. Three replicate plates per 
concentration of fungicide were used for each fungus. 

Observations were made on the effect of propicona
zole on fruit diseasc Juring storage aftcr treatment by 
spraying, or dipping for 0.5, 1.0, or 2.0 minutes in 200 
ppm or 400 ppm of the fungicide. Fruit of Eksotika 
papaya at colour stage 2 or 3 (showing a tinge of yellow) 
were used. The treated fruit were placed in boxes lined 
with sponge. Each box contained seven fruit. Four 
boxes were prepared for each treatment. All boxes were 

* Basic Research Division MARDI. P.O. Box 12301,50774 
Kuala Lumpur. 
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kept at ambient temperature (25-33°C). After 24 hours. 
three boxes of each treatment were transferred to a cold 
room held at lO°C. 

Fruit retaineJ at ambient temperature were observed 
every 2 days for 8 days for skin colour development 
(Table 2) and disease incidence. The fruit kept in the 
cold room were transferred to ambient temperature after 
3 weeks of storage. Fruit skin-colour development and 
disease incidence were observed until the fruit became 
overripe. 

Another batch of papaya was harvested and treated 
with double hot water (DHW) followed by dipping in 
300 ppm propiconazole for 3 or 5 minutes. Control fruit 
received DHW alone. For every treatment, 20 boxes 
containing 10 fruit per box were prepared. All boxes 
were left at ambient temperature for one night before 
they were transferred to the 10°C cold room. After 2 
weeks, fruit were returned to ambient temperature. 
Observations were made on fruit skin colour and disease 
incidence. 

Results and Discussion 

In general, the fungicide reduced the growth of all the 
fungi tested but sensitivity to it varied depending on the 
isolates (Table I). Growth of B. ribis. F. solani, A. 
alternata. C. capsici, C. g/ocosporioidcs, and P. cari
cae-papayae was significantly reduced at 0.1 and 1.0 
ppm. while growth of C. persicaria and Mucor sp. was 
significantly affected with concentrations of 10 and 50 
ppm. 

Although growth of both Colletotrichum species was 
significantly affected at 1.0 ppm propiconazole, C. gloe
osporioicies was considered more sensitive. Complete 
growth inhibition of C. gloeosporioides occurred at 5 
ppm, while for C. capsici it occurred at 50 ppm. 

These observatiops indicate that propiconazole can 
reduce fungal growth or delay the formation of diseases 
on papaya caused by common pathogens such as Colle
totrichum species, P. caricae-papayae or A. alternata. 
but is less effective against C. pcrsicaria or Mucor sp. 

Fruit treated with prop icon azoic and kept at ambient 
temperature reached stage 4 or 5 skin colour after 3 days 
storage. The fruit were free from disease symptoms until 
the 6th day after treatment. Disease developed on over
ripe fruit. Disease symptoms were mainly found near the 
stem end and caused by C. capsici. Only fruit treated 



Table 1. Average growth diameter (mm) of the fungi from Eksotika papaya on potato dextrose agar incorporating different 
concentrations of propiconazole. 

Fungus Propiconazole concentration (ppm) 

0 0.1 5 10 50 MSE 

Botryosphaeria ribis 409 41.15a* 26.11b 18.52c 8.72d 5.66de 0.00e 102.71 
Alternaria alternata 402 33.50a 29.27ab 24.69b 15.3Oc 12.97c 4.38d 58.32 
Colletotrichum gloeosporioides 411 28.40a 28.36a 11.25b O.OC O.Oc O.Oc 108.97 
C. capsici 403 37.59a 35.58a 22.92b 12.75c 5.47d O.Od 90.08 
Phomopsis caricae-papaya 4\0 62.21a 61.77a 34.92b 9.13c 6.66dc O.Od 185.52 
Mucorsp.407 81.63a 81.00a 79.63a 78.02a 76.08a 28.55h 131.87 
Gilbertella persicaria 81.75a 80.72a 77.77a n.77a 46.31b O.Oc 262.81 
Fusarium solani 46.09a 27.69a 24.88b 15.02e O.Oe O.OC 129.25 

* Values within rows followed by a common letter are not significantly different at P - 0.5. 

Table 2. Effect of propieonazole treatment on fruit colour development (values are mean colour stage*) during storage at 10°C 
for 3 weeks and after transfer to ambient temperature. 

Treatment Original colour 3 weeks at 10°C 3 days at ambient 
after cold storage 

6 days at ambient 
after cold storage 

Average 

Untreated 2.6at 3.7a 4.5abc 5.6ab 4.1b 
Propiconazole spray 2.6a 3.9a 4.9a 5.7ab 4.3a 
200 ppm 0.5 min** 2.5a 2.7a 4.5abc 5.8a 4.1a 

I min 2.6a 3.8a 4.4bc 5.6ab 4.1a 
2 min 2.5a 3.8a 4.lc 5.6ab 4.0b 

Propiconazole spray 2.6a 2.8a 4.4bc 5.5ab 4.1a 
400 ppm 0.5 min 2.5a 3.8a 4.2bc 5.4b 4.0a 

I min 2.5a 3.9a 4.6ab 5.7ab 4.2a 
2 min 2.5a 3.0a 4.2bc 5.4b 3.9c 

MSE 0.25 0.74 0.56 0.28 0.47 

* I - all green, 3 - more green than yellow, 6 - full yellow; t Values within rows followed by a common letter are not significantly 
different at P - 0.5; ** Dip immersion time 

with two minute dips in fungicide were free from disease 
up to 8 days after treatment. 

These results indicate that treated Eksotica papaya 
can be kept at ambient temperature for up to 5 days, 
when they have reached the ripening stage suitable for 
consumption, with minimal disease development. 

Fruits stored at IDoe can develop normal (ripe) skin 
colour after 3 weeks of storage. Three days after 
removal to ambient temperature, almost all fruit were in 
stage 4 or 5. There was no significant difference 
between the skin colour of control and treated fruit 
(Table 2). 

At the time of removal from cold storage to ambient 
temperature, there was no significant difference between 
the treatments on the percentage of surface area of fruit 
affected by disease. However, if the number of fruit with 
disease symptoms was considered, only those fruits 
treated for 1-2 minutes with fungicide dips were signifi
cantly less affected than control fruit (Tables 3 and 4). 

Development of disease symptoms was considerably 
faster after removal of the fruit to ambient temperature. 
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Within 3 days, the number of control fruit affected by 
disease increased from II % to 85%, while those treated 

Table 3. Effect of propiconazole treatments on percentage 
of fruit with disease 

Treatment Days after 3 weeks storage at 10°C 

0 3 6 

Untreated Ila* 85ab 100a 
Propiconazole spray 7ab 52b 84abc 
200 ppm 0.5 mint 3ab 52b 85 abc 

1.0min Ob 25bc 62cd 
2.0 min Ob 7c 55de 

Propiconazole Spray 3ab 52b 88ab 
400 ppm 0.5 min 3ab 40b 74bcd 

I.Omin Ob 37b 63dc 
2.0 min Ob 7c 37e 

MSE 3 19 17 

* Values within rows followed by a common letter are not significantly 
different at P - 0.5. 

t Dip immersion time. 



with 200 or 400 ppm for I minute increased to 25 and 
37%, respectively. Only those fruit dipped in fungicide 
for 2 minutes were significantly less affected by the dis
ease compared with the control. 

The major pathogens on treated fruit were Col/etotri
chum capsici and P. caricac-papayae. Other fungi iso
lated from diseased control fruit were A. alternata and 
G. perceria. The incidence of disease caused by P. cari
cae-papayae on fungicide-treated fruit was higher than 
that for disease caused by C. capsici. 

Table 4. Effect of propiconazok treatments on average 
percentage of surface area of fruit affected by 
disease (disease symptoms). 

Treatment Days after 3 weeks storage at lOoC 

0 3 6 

Untreated OAa* 5.96ab 28.25a 
Propiconazolc spray 0.8a 8.81a 22.30a 
200 ppm 0.5 mint O.la 5.25ab 22.87a 

1.0 min O.Oa 1.74bc 9.76b 
2.0 min O.Oa OA8c 5.96b 

Propiconazole Spray O.03a 6.85a 26.33a 
400 ppm 0.5 min 0.07a 2.22bc 12.85b 

1.0 min O.Oa 1.93bc 9.10b 
2.0 min O.Oa 0.18c 4.ISb 

MSE 1.87 59.13 2A5 

* Valllc~ \vilhin rows followed by a common Jetter are not 
significantly different at P = 0.5. 

t Dip immersion time 

The results suggest that spraying and dipping for less 
than 2 minutes in propiconazole has no significant effect 
on the disease severity of Eksotika papaya. 

Most of the fruit treated with DHW alone reached skin 
colour 4 and 5 within 2 days after storage for 2 weeks at 
10°C. Less than 3% of the fungicide-treated fruit was 
affected by disease compared with DHW-alone fruit 
(17%). Fruit treated with fungicide for both dipping 
periods were significantly less affected by disease COI11-

pared with DHW-alone fruit, even after the fruits 
became overripe, i.e. at skin colour stage 6 (Table 5). 
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Table 5. Effect of double hot water (DHW) followed by propiconazole used at 300 ppm with different dipping period on 
disease of Eksotika papaya. 

Treatment Skin colour % fruit area with disease symptoms 

Days after 2 weeks storage at I (l°C Days after 2 weeks storage at 10°C 

2 -' 2 3 

DHWalone 2.0b* 4.3b 6.0a Oa 1.03a 21.6a 

DHW + propiconazole dip 2.lb 3.7c 5.6a Oa 0.15b 3.8b 
for 3 min 

DHW + propiconazole dip 2.2a 4.7a 6.0a Oa O.07b 2Ab 
for 5 min 

MSE 0.07 0.26 0.16 0 7.02 286.7 

* Values within rows followed by a common letter are not significantly different at P = 0.5. 
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Freckle Disease of Banana 

c. Abayasekera, A.M. Karunaratne and N.K.B. Adikaram* 

FRECKLE disease of bananas was first reported in 
Hawaii in 1917 (Carpenter 191H, 19(9) and later in Fiji 
(Campbell (926), New Caledonia (Johnston 1963), 
Papua New Guinea (Shaw 1963), and the Philippines, 
Taiwan, Thailand, Burma, Sri Lanka, India, the Congo, 
and Georgia, USA (Wardlaw 1961 ). The disease is now 
widespread in Sri Lanka and has become a major prob
lem in the production of good quality fruits for export. In 
this paper we report on freckle disease of banana var. 
Ambul and its control. 

On fruit, the freckles appcar as soon as the bunch has 
shot, initially as minute, grey-brown, circular spots of 
about 0.25 mm diameter with a water-soaked halo of 1-
1.5 mm diameter around each spot. As the fruit matures, 
the individual freckles increase in size up to 2 mm and 
turn dark-brown or black. The transparent water-soaked 
halo remains until the peel turns yellow. A typical 
freckle is rough to the touch, and heavy infections may 
give a reddish-brown colour to the fruit. Freckles are 
common on most banana varieties in Sri Lanka, and 
have been observed in three forms, viz., raised spots that 
arc rough to the touch, smooth spots, and raised spots 
with a surrounding sunken area. There is a sharp rise in 
freckling after 8-9 weeks of bunch development, and 
the blemishes are most noticeable at the time of harvest 
(Fig. 1). 

There is usually more freckling on the exposed side of 
the banana bunch than on the side of the bunch facing 
the tree. Further, freckles are most abundant on the inner 
face of the inner whorl and the outer face of the outer 
whorl of each hand, i.e. the rain exposed areas of the 
fruit. 

Freckles are also found in the leaves of banana trees 
particularly the older ones, with symptoms similar to 
those on fruit. The infection of the fruit takes place from 
the inoculum prov ided by the leaf lesions. Fungal struc
tures are found mainly in the upper surface of the leaf 
lamina, midrib and petiole. An aggregation of freckled 
areas has a sooty appearance and is rough to the touch. 
The two or three youngest leaves of the plants arc rarely 
affected. 

Two closcly related fungi, Macrophoma musae and 
PhylLosticta musarum, were found associated with 
freckles, the latter being more common (Meredith 

* Department of Botany, University of Peradeniya, Perade
niya. Sri Lanka. 
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Figure 1. Freckling pattern during the development of banana 
bunch in the fic\d. 
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1968). The perfect stage of both specics is described as 
Guignardia musae although minor differences in the 
morphology of conidia and ascospores exist between the 
two. The conidia of M.musae are spherical, while those 
of P. musarum are oval or irregular in shape. The 
conidia of both species are covered with a gelatinous 
envelope bearing a hyaline apical appendage especially 
during wet weather. The ascospores of M. musae are 
ellipsoidal and wider in the mid-region with obtu;;c 
ends, while those of P. musarum are wider at the ends 
with a curvature towards the mid-region. M. musae was 
cultured on oat agar medium. A greenish-grey colony 
turning black, developed. P. musarum could not be cul
tured on any of the common mycological media. Sper
matia of P. musarum were observed in abundance 
during wet weather. They were cylindrical to dumb-bell 
in shape. The brown-black spots which are the freckles 
are an aggregation, or single pycnidia or perithecia of 
the above fungi (Fig. 2). 

Freckling is severe on fruit that develop during rainy 
weather. A direct correlation between rainfall and 
freckling was observed (Fig. 3). 

In Hawaii, control of freckle disease has been effected 



by spraying leaves and fruits with maneb (Kumabe and 
Yee 1964). At a 0.8 ha site in the Central Province of Sri 
Lanka, field control trials were conducted adopting :l 

combination of three measures: cutting and buming the 
freckled !eaves, debris, etc.; bagging the newly emerged 
bunch; and a monthly spray with Polyram-M (nuncb 
80% WP, BASF. Gemlany (\ kgi400 L water plus 2 L of 
sticker-spreader per hal. Bunches harvcsted following a 
20-week period of treatment on banana plants, showed 
a very high reduction of freckling (Fig. 4, Table I). The 
fingers from treated plants were larger than those from 
the control and had 45-50'7, more fresh and dry weight 
(Table I). The total number of fingers in both remained 
almost equal. 

The fingers from treated plants were smooth-skinned, 
unstained, and of excellent quality compared with those 

Table 1. Freckling and the size and fresh weight of fmit 
from treated and control plants. 

No. of freckles/cm2 
Av. fruit size (em.l) 
Av. fresh fruit weight (g) 

'[,rrated 

4.0 
129.4 
76.9 

/ - - conidiophore 

~/.~ con,d,,, 

Control 

33.0 
78.7 
51.8 

Figure 2. Transverse section of freckled banana skin showing 
pycnidia of Macrophoma musae. 

Apr May Jun Jul Aug Sep Oct 

Month 

Figure 3. Relationship between average monthly rainfall and 
incidence of freckling in bananas (no. freckles! 
cm2). 

from the control plants. The results of this work suggest 
that the measures used achieved a very high control of 
freckling and improvement offruit quality. 
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Figure 4. Freckling pattern during the development of bunch 
in [rea ted (-) and control (- -) plots. 

References 

Campbell. J.G.C.\926.Report by the mycologist. Annual 
Report of [he Department of Agriculture Fiji for 1925. 12-
14. 

Carpenter. CWo 1918. Banana diseases. Report of the Hawaii 
agricultural experimental Station for 1917.40-42. 

- 1919. Banana freckle or black spot disease. Report of the 
Hawaii agricultural experimental Station for 1918,36-40. 

Johnston. A. 1963. Host list offungi etc. recorded in the South 
East Asia and Pacific Region. Musa spp. - banana; Musa 
textilisah(/( a. Technical Document of the FAO Plant Pro
tection Committee for South East Asia. 26, 1-3 

Kumabe, B. and Y ee. W. 1964. Control of freckle disease and 
fingertip rot of Chinese banana hy Maneb sprays. Hawaii 
Fann Sciences. 13,7. 

Meredith, D.S. 1968. Freckle disease of banana in Hawaii 
caused by Phylloslir-tina musarum (eke.) Pete. Annals of 
Applied Biology, 62,329-340 

Shaw, D.E. ! 963. Plant pathogens and other microorganisms in 
Papua and New Guinea. Annotated list of references to plant 
pathogens and miscellaneous fungi in Wcst New Guinea. 
Post Moresby. Research Bulletin of the Department of 
Agriculture, 1,82, 

Wardlaw, C.W. 1961. Banana diseases, including plantains and 
abaca. London, Longmans. 648 p. 

459 



Phytophthora Fruit Rot of Durian (Durio zibethinus L.) 

Rattiya Pongpisutta and Somsiri Sangchote* 

DURIAN (Durio zibethinus Linn.) is an important fruit 
crop in Thailand, with production areas in the cast and 
south of the country. Phytophthora palmivora (Butl.) 
Butl. is one of the important fungi attacking durian. It 
infects ripe fruit and causes a soft brown lesion on the 
skin. The fungus can invade the flesh eventually causing 
it to rot. Some work has been done on control methods, 
including use of chemicals such as metalaxyl, fosetyl
AI, and phosphoric acid. This paper reports studies on 
factors affecting infection of fruit of P. palmivora and 
control of phytophthora fruit rot. 

Experiment J . Investigation of fruit rot of durianfrom 
Rayong province. Fifty durian fruit of each cultivar -
Kob, Chanee, Kanyao, and Monthong - were har
vested from an orchard in Rayong province. The fruit 
were ripened at room temperature. Disease incidence 
was assessed at ripening. 

Experiment 2. Biology ofP. palmivora. Durian fruits 
rotted by P. palmivora were collected from Sura Thani, 
Nakhon Si Thammarat, Rayong, and Chanthaburi. They 
were assayed for P. palmivora using selective media 
(BNPRAH). The morphological characteristics of the 
isolates obtained were studied. Pathogenicity of the iso
lates was checked by wounding durian fruits using a 
needle to make a circular opening in the area between 
the spines and applying inoculum as mycelial discs, 
sporangia, or zoospores. The inoculated fruits were kept 
in a moist chamber for 21 hours, then removed and 
ripened at room temperature. Disease incidence and 
severity were measured at ripening. The optimal incu
bation period was determined by inoculating fruit with 
mycelial discs at a wound made at the juncture of spines 
(3 sites per fruit). Inoculated fruit were incubated for 4, 
6, 8, 10, 12, and 14 hours in a moist chamber, then 
removed and ripened at room temperature, using 10 
fruitlincubation period. Disease incidence and severity 
were checked at ripening. 

Experiment 3. Cultivar susceptibility. Four cultivars 
of durian - Kob, Chanee, Kanyao, and Monthong -
were compared for their susceptibility to P. palmivora. 
The fruit from each cultivar were inoculated with 
mycelial discs of P. palm/vora as described (using 10 
fruitlcultivar). Inoculated fruit were incubated in a moist 

* Department of Plant Pathology, Kasetsart University, Bang
kok 10900, Thailand. 
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chamber for 21 hours, then ripened at room temperature. 
Disease incidence and severity were checked at ripen
ing. 

Experiment 4. Control. Three chemicals - etridia
zoic, fosetyl-AI, and phosphonic acid - were tested for 
their effectiveness against P. palm/vora at concentra
tions of 0, 1000, 2000, 3000, and 4000 ppm. Fruit were 
inoculated as described, incubated for 21 hours, then 
dipped in the chemicals for 5 mins (using 10 fruit! 
chemicaVconcentration). The fruit were ripened at room 
temperature. Disease severity was checked at ripening. 
Dipping time, an effective concentration, and the super
ior chemical were selected from the tests. Durian fruits 
were inoculated as above and incubated for 14 hours in 
a moist chamber. The inoculated fruit were dipped in the 
test chemical for 0, 1, 2, and 3 mins (using 10 fruit/ 
dipping time). They were ripened at room temperature 
and disease severity was checked at ripening. 

Results 

Investigation of fruit rot of durian from Rayong prov
ince. Phytophthora fruit rot was found on the ripened 
fruit of the four cultivars of durian. Higher percentages 
of phytophthora fruit rot were found on cv. Chanee than 
the other cultivars. 

Biology of P. palmivora. Isolates of P. palmivora 
obtained from Chanthaburi, Nakhon Si Thammarat, 
Rayong, and SuratMani were similar in their morpho
logical characteristics. P. palmivora could infect the 
wounded parts of the juncture of the spine of durian with 
mycelia, sporangia, or zoospores. The highest percent-

Table 1. Disease severity (lesion mean diameter in mm) on 
durian fruit treated with fosetyl-Al at 2000 ppm at 
different dipping times 

Dipping time 
(minutes) 

o 
1 
2 
3 

Disease severity 
(lesion diameter in mm) 

49.8a* 
6.3b 
8.2b 
8.1b 

• Means followed by the same letter are not significantly different at 
5% level by DMRT. 



age of infection resulted using mycelial inl'cction. The 
highest disease incidence and severity were obtained 
when fruit wcrc incubated Cor 14 hours after inocula
tion. 

Cultil'ar susceptihility. Chance, Kob, Kanyao. and 
Monthong cultivars were susceptible to P. palmivora. 
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Control lIl('a.l"Llres. Etridiawle and fosetyl-AI at a 
concentration of 40()() ppm controlled fruit mt. hut etri
diazole caused skin damage. For fosetyl-AI at 2(X)O ppm 
at different dipping times of 0, 1.2, and 3 minutes were 
testeel. Dipping time could be reduced to I minute with
out reducing elTectiveness ( Table 1). 



Postharvest Fruit Rot of Banana Caused by C olletotrichunz 
nzusae (Berg.& Curt.) Arx. and Its Control 

Todsaporn Tongthieng and Somsiri Sangchotc* 

COI.lFT07RICII(·'M muslic (Berk & Curt) Arx. is the 
clusal organism of ~lI1thracn"se. crown rot, and fruit rot 
of hananas during storage and transportation. It can 
invade the fruits and form latent infections on unripe 
fruit and survive as dormant mycelium. Many posthar
vcst chcmicals have been used to control this disease. 
including thiabendazole. benumyl. thiophanate-methyl. 
and prochloraz. Shelf life of treated bananas can be 
extended by packing in polyethylene bags with ethylene 
absorbent in cold storage. This paper reports studies on 
anthracnose disease on banana and control measures for 
long-tern] storage. 

E.lpcrimcnJ I. /nl"C'sligatioll o(anthracllose Oil barw
Ilasj;-ofll dilj(Tent producing areas. rVlature-green bana
nas (25 hands/location) were collected from different 
producing areas including Nakhon Pathom. Nonthaburi. 
Pathum Thani. and RatL"haburi. The fruit were ripened at 
roorn temperature. Disease incidence and severity were 
checked at ripening. 

Flpcrillll'lIt 2. Rc/aliollship bC!\\'cl'fI thc discase 
sC\·erity. respiration alld elhdenc IJroduclioll o/bal1(lll(J 
fruits. Twenty-four bananas were used in this experi
ment. Twelve were inoculated with C. tIIusae using a 
conidial suspension prepared from a 7-day-oIJ culture at 
a concentration of I ()4 sporeimL. The other 12 fruit were 
not inoculated. All fruits wcre placed injars (3 fruits/jar) 
connected to an airnow system. Ethylene and carbon 
dioxide production were sampled each day until the fruit 
were ripe. Ethylene was measured by gas chmmatogra· 
phy with a flame ionisation detector and carbon dioxide 
using gas chromatography with a thermal conductivity 
detector. The amounts of ethylene and carbon dioxide 
were converted to rate of respiration (Ill!. CO,ikg/hour) 
and ethylene production (mL:kgihour). They ~'Cre plot
ted against the disease severity to show their relation
ship. 

/~.Iperimcnl 3. 1:\'llluatiof/ o/chefllical j(Jr poslharvcst 
dips. Mature-green bananas were inoculated with C. 
fIIUS(I(' at the concentration or ]()-+ spores/mL and incu
bated in the moist chamber for 24 hours. The inoculated 
fruit were then dipped in chemicals including benomyl. 
ima/al il. prochlor~lI. thiabendazole. and th iophanatc-

, Department of Plant Pathology. Ka'C·tsart l'nivLTsity. Bang
kok 10900. TIlailanu. 

methyl at concentrations 01'0. 2S0. SOO. and 750 ppm for 
-' mins. using (, hands/treatment. The fruit were ripened 
at ro(lm temperature. Disease incidence and severity 
were checked at ripening. 

I:".rpaimcnI 4. COfllro/ II/easure for long-lam stor
agc. The experiments were divided into two portions. (a) 
Thirty hands of mature-green banana were harvested. 
cleaned. and hydrocoolecl. Half of them (15 hands) were 
dipped in test chemicab and the other half in water for 
-' mins, then packed in plastic bags (S hands/bag) with an 
ethylene absorbent. They were further packed in cartons 
and stored at l5°C. (b) Forty-five hands ofillature-grcen 
bananas were harvested. cleaned. and hydroc()olcd. 
Thirty hands were inocuiJted with a spure suspension of 
C. mus(Je at a concentration or 10-1 spores!lllL. and 
ineubated in a moist chamber for 24 hours. 111c other 15 
hands were sprayed with water and incubated in the 
same way. After 24 h()urs. IS hands were dipped in the 
test chemicals and the other l:'i in water for 3 mins. All 
bananas were packed in plastic bags (S hands/bag) with 
an ethylene absorbent. They were further packed in car
tons and stored at lS °C for I month. 

Results 

/m'cstigatioll 0/ anthracnose Oil hllnana from differcllI 
producing arcus. Bananas collected from different pro
ducing areas sh,)wcd different percentages of disease 
incidence. Anthracnose appeared as the fruit started to 
ripen. Disease incilknce on bananas from 1\!ollthaburi. 
Nakhon Pathom. Ratchaburi. and l'athum Thani were 
R7.2. ~\3.0. 7R.O, and 77Jl%, respectively. Disease 
severity on bananas from Pathum Thani was the highest 
at 21.7'70. Isolates of C. tIIUS(lC from these areas were 
similar in their morphological characteristics. 

Relationship helll'ccll Ihe disease sC\'crity, rcspira· 
lioll. alld clilylelli' producri(!t) u(hananajruill. Diseased 
fruit produced higher amounts Ill' carbon dioxide and 
ethylene than healthy fruit. Carbon dioxide production 
of diseased fruit reached the t'limactcric peak on the 
third day of the experiment at ,)4 .. \.~ III L CO,/kg/hour. 
but on healthy fruit peak production was k4.44 filL 

COolkghour 011 the fifth day. Ethylene production by 
the diseased fruit \las also higher than for the healthy. 
They reached the climacteric peak ()f] the third day at 



67.42 mUkg/hour while ror healthy fruit peak produc
tion was 58.43 mLlkg/hour on the fourth day of the 
experiment. 

EI'Qluation of chemica/sj(Jr postharvest dips. Imaza
Iii 500 ppm was the most effective chemical. It com
pletely controlled anthracnose on bananas. while 
disease incidence on the untreated fruit was 52.29(.,. 

Control measures for long-term storage. Aftcr stor
age at 15°C for 30 days, the untreated inoculated rruit 
had begun to develop disease symptoms, while the other 
groups were unblemished. All fruit were ripened at 
room temperature for 6 days. Disease incidence on the 
fruit packed immediately after precooling. and on fruit 
inoculated after precooling. were 6.3'k and 45.5%. 
respectively. Fruit treated with imazalil showed no dis
ease symptoms (Table 1). 

463 

Table L Erkctivencss of irn,lIalil at 250 ppm (3 minute dip) 
in controlling anthracnose ofhanana after storage at 
15°C for 30 days. 

Treatments Disease incidence «k) 

Untreated rruit 
Dipped in imazalil at 250 ppm. for 3 mins. 
Fruit left at room temperature for 24 hours. 

then dipped with imazalil at 250 ppm for -' mins. 

6.3b* 
O.Oc 
O.Oc 

Fruits inoculated with C. musae, 45.5a 
incuhated in a moist chamber for 24 hours. 
then dipped in water for 3 mins. 

Fruits inoculated with C. /IIwac. incubated O.Oe 
in a moist chamocr ror 2'+ ilours, then 
dipped in imazalil at 250 ppm for.' mins. 

--------
,.. Means follo\\'l'd by the same Il'ttl"f Jtl' not \ignificantly different al 

5% level by IlMRT. 



Application of Candida guilliermondii in Commercial Citrus 
Waxes for Biocontrol of Penicillium on Grapefruit 

R.G. McGuire* 

COMMU<ClAL processing of fruits may alter surface 
Illicrotlora at the same time that it increases susceptibil
ity to disease through injury (Lim and Khor 1982). This 
is especially true with quarantine treatments that seek to 
eradicate insect pests from within fruits with heat or 
chemicals. Although such treatments may concomi
tantly reduce the numbers of decay pathogens, they 
stress the fruits. Treatment with forced air at 46-48°C 
over 3 5 hours for clisini'estation of Caribbean fruit tly 
[Anaslrcpha suspCtlsa (Loew)l is tolerated by grape
fruits (Cilrus parudisi Mad.); treated fruits, however, 
arc orten more susceptible to attack by Penicillium digi
(allllJl and 1'. ilalicufll, especially later in the season 
(McGuire 1991). Dle yeast. Candida guillicrfllondii, 
antagonises the development of Penicillium on grape
fruits (Chalutz and Wilson 1990). Research reported 
here has sought to test the efficacy of using this yeast to 
control l'Cllicilliufll decay lll1 grapefruits arter hot-air 
treatment. An important consideration has been how the 
yeast might be appl ied commercially. 

Materials and Methods 

Strain US-7 of Condida guillicrfllof1dii (NRRL Y-
18314), which was originally isolated from the surface 
ofa lemon [Cilrus limon (L.) Burm. 1'.1 fruit in Florida by 
Wilson and Chalutz (1989). was used throughout these 
trials. The short-term survival of this strain in various 
citrus fruit coatings was measured by mixing the yeast. 
in I mL of water at a concentration of 5 x I ()5 efu/mL. 
with 4 mL of undiluted fruit coating. Coatings included 
FMC 214, FMC 223. and FMC 705 (FMC Corp .. Lake
land, Fl.), Decco Citrus Lustr® 402 (Atochem .\J. 
America, Monrovia, C J\), and Nature Seal' ". an experi
mental USDA eoating Crable I). Mixing the yeast with 
4 mL of 0.1 M phosphate butler (pH 6.8) supplemented 
with 0.10(· peptone served as a control upon which to 
base percentage recovery. Besides an initial sampling 
immediately after the yeast was introduced into a coat
ing or the butTer. dilutions were cultured at 10.20,30,45 
and 60 minutes on malt yeast extract agar supplemented 
with streptomycin, cephalexin, and Bravo® (MYEA
scb) at 40, 50, and 20 mg/L (a.i.), respectively. In a sub-

* U.S. Department of Agriculture Agricultural Resl'arch 
Service. Ll601 Old CUller Road. Vliami. Florida. USA 
33158. 
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sequent test that evaluated long-term survival, yeast 
suspensions in water were added to the 0.1 M peptone/ 
phosphate buffer or fruit coatings (thus diluted to SO';; of 
full strength) to concentrations of either 5 x 10) or 5 x 
107 cfu/mL, and 0.1 mL of a coating suspension was 
applied to 4.25 cm disks of Whatman® No. I filter 
paper. The papers were stored at 13°C for 2 months. 
Each week two papers from each treatment were washed 
for 30 minutes, each in 10 1111. of peptone/phosphate 
butTer. and dilutions of 0.1 mL were plated onto 
MYEA·scb. Tests of short- and long-term recovery from 
fruit coatings were each conducted three times. 

Table I. pH and major constitUl'nts of various fruit coatings 
applied to grapcfruit postharvest. 

Coating pH 

FMC 214 6.5 

FMC 223 7.0 

FMC 705 11.0 

Decco 402 7.5 

Nature Seal Cl.O 

Major constituents 

Water. alkali-soluble resins. rood 
grade slJrfactants 

Water. alkali-soluble rcsllls. rO<KI 
grade slIrfaClants. oleic acid. 
propylene glycol. NH,OH 

Water. petroleulll wax. polyethylenl'. 
anionic and non-ionic surfactants, 
KOH 

Water, alkali-soluhle resins, ratty acid 
soaps. propylene glycol 

Water, ml'thyicl'llulosl'. elllulsillL'f. 

plastici"'r 

Early, middle, and latc season' Marsh' white grape
fruits were obtained throughout the 1991-1992 growing 
season from a packinghouse in central Florida. Except 
for grading, fruits were unprocessed and were obtained 
within 24 hours of harvest. Because fruits from many 
growers were received in a mixture from the packer at 
each harvest date. replication within each harvcst was 
not possible; the one early, tWll middle'. and one late 
season harvests, however, cllnstitLiteLl four rq)lications 
over the season. Fruits were initially washed then separ
atec! into one of three subsets comprising the fruit ('\)at
ings FMC 223, FMC 70S. and ~atLire Seal. Four 
trcatments within each coating compared l'ontrol fruits 



not heated by quarantine protocol and not inoculated 
with the yeast, control fruits heated but not inoculated, 
and heated fruits subsequently inoculated with C. guil
liermondii at calculated rates of 104 or 10° cfu/cm2 of 
fruit surface. Each treatment consisted of 72 fruits. 

Except for controls that were not heated, fruits were 
placed into plastic bins that were stacked within a hot air 
chamber (Sharp et al. 1991), and air at 48°C (58-90% 
relative humidity) was forced through the column of 
fruits at an average of 0.4 m3/second for 3 hours. 
Because late season fruits arc more susceptible to heat 
damage, however, fruits harvested in April were treated 
at 47°C. After heating was completed, fruits were 
allowed to cool to 25°C. then coatings with and without 
C. guilliermondii were applied by dipping fingers into 
the suspension and spreading this over individual fruits. 
Coatings were at 80'1r of their undiluted strength after 
addition of the yeast suspension or addition of sterile 
water in the case of control fruits. Fruits were then 
placed into storage at 13°C for 2 months. During this 
time, fruits were examined weekly, and those showing 
signs of decay were discarded. Two fruits lacking signs 
of decay were sampled weekly by washing each for I 
hour in 100 mL of peptone/phosphate buffer within 
quart-size plastic freezer bags. One-tenth mL dilutions 
of the wash were cultured on MYEA-seb, and after 5 
days at 24°C all yeast colonies were counted. Individual 
colony counts were then referenced to the surface areas 
of the washed fruits calculated from their diameters. 

Results 

The recovery of C. guilliermonilii was dependent upon 
the fruit coating into which it was mixed (Fig. I). Survi
val was greatest in Nature Seal, an emulsion primarily of 
methylcellulose, and averaged over SO°Ir, after 60 min
utes. Recovery from the waxes FMC 214 and FMC 705 
was also satisfactory, averaging 70 and 55%, respec
tively. Constituents of FMC 223 and Decco 402, how
ever, quickly killed most yeast cells. 

When stored on filter papers as suspensions in the 
dried fruit coatings, or in dried buffered peptone, popu
lations of C. guilliermondii initially declined then either 
stabilised or appeared to rebound (Fig. 2). After 60 days, 
whether applied at 5 x 104 or 5 x 106 cfu/filter, recovery 
was about cqual, but again dependent upon the coating. 
Recovery from Nature Seal rcmained between 104 and 
105 cfulfilter during the last month. similar to that in the 
dried buffered peptonc. In the waxes FMC 223 and FMC 
705, recovery ranged from 102 to 10' cfulfilter during 
this period. 

Treatment with hot air and applications of C. guil
liermondii significantly (P s: 0.000 I) affected the recov
ery of yeasts from grapefruit. Populations of native 
yeasts on control grapefruits before hot-air treatment 
averaged 3 x 102 cfu/em2 but declined to 2 x IO I/cm 2 
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after treatment at 4~oC (Fig. 3). These native popula
tions thereafter recovered, often to levels as high as 
those that developed on unheated control fruits but, 
overall, heat significantly (P = 0.06) delayed population 
development. Applications of C. guilliermondii signifi
cantly (P s: 0.000 I) increased the numbers of yeasts 
recovered, with specific coatings determining the ulti
mate population levels. FMC 223 was more toxic to 
yeast cells in suspension than were FMC 705 and Nature 
Seal. Populations on fruits coated with FMC 223 there
fore developed from a small number of survivors to a 
level approximately one tenth that on the other two 
coatings, the population development on which was not 
significantly different. 

,uu-.-----=~.---~---,--------_.------__, 

80 

Natr seat 

FMC 214 

FMC 705 

FMC 223 

DEC 402 

15 30 45 60 

Minutes 

Figure I. Recovery of Candida guilliermondii when mixed at 
a final concentration of 105 cfu/mL with various 
fruit coatings. Means of 3 tests. 

Hot-air treatment of grapefruits significantly (P s: 
0,()00 I) accelerated their decay in cold storage regard
less of which fruit coating was applied (Table 2). '1l1e 
shelf life of unheated control fruit surpassed the 60-day 
storage period of the experiment, whereas heated fruits 
averaged only 43 to 51 days before they needed to be 
discarded. Applications of C. guil/iermondii generally 
prolonged she I r life (P = 0.c)05). but the rate of applica
tion, whether at I ()4 or 106 cfu/crn2, was not a significant 
factor. By applying this yeast to grapefruits, however, 
shelf life was increased from 5 to I I days or by 12-20%. 
Shelf life was affected by the type of fruit coating (P s: 
0.05); Nature Seal prolonged storage relative to F'v1C 
223, but other comparisons were not significant. 



Table 2. Shelf life of grapefruits comparing hohlir treatment and surl~1ce applications of Candida Ruilliermondii in the citrus 
coatings FMC 705. FMC 223. and Nature Seal. 

Treatment Citrus coating Mean 
---~~-----

Heat Yeast FMC 70S FMC 223 Nature Seal 

Number of days to decaya 

None None 67.21 a 
Heat None 43.74 b 
Heat 104 Cfu i cIll 2 50.67 ab 
Heat 106 cfll.em) 54.71 ab 

65.63 a 
44.19b 
50.66 ab 
49.50 ab 

64.56 a 
50.92 b 
56.73 b 
57.40 ab 

65.80 a 
46.28 c 
52.68 b 
53.87 b 

a Within column". means follo\ved by thL' same Jetter arc nol significantly different at P = 0.05 according to separation by LSD (least significant 
difference). Means of 200 fruits (600 fruits in 'Mean' column). 
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Figure 2. Recovery of the Candida Ruillicr/l/ondii from storage at 13°C when applied in various fruit coatings to filter paper disks 
at either 5 x 104 (a) or 5 x 106 (b) cfulfilter. Means on tests. 

Discussion 

One way that processed fruits may be predisposed to 
decay is through alteration of their surface mieroflora. 
Antagonists may be restored, but to be commercially 
acceptable, the application of a biocontrol agent must be 
compatible with packinghouse operations. Citms fmits 
normally go through a waxing step. and this could bc an 
ideal stage for application of an antagonist (Pusey et aL 
1986). Waxes are already available that are compatible 
with C. guillierl1londii. and other coatings, based per
haps upon derivatives of cellulose or another carbohy
drate, can be developed to enhance its growth. 

C. guillierl1londii has advantages for use as a bio
control agent over some bacterial species. This and 
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many other yeasts can better survive adversity because 
they grow over a wide range of temperatures in 
extremely varied osmotic environments (Magan and 
Lacey 1986); they also utilise a large array of carbohy
drates and organic acids (McLaughlin et al. 1990). 
Osmotolerance and the ability to subsist on nutrients 
available in the dried buffered peptone and fruit coat
ings may explain the yeast's survival on coated filter 
papers. A residual survival and all ability to subsist on 
a broad range of nutrients may also explain how native 
populations on heated fruits can rebound. The applica
tion of C. guilliermondii in a fruit coating that fosters 
its growth holds promise as a commercially acceptable 
method for biological control of postharvest pathogens 
of citrus fruits. 
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Figun' 3. [)",L'iopmcnt of populations of Conditio gllillicrllwndii on the surfaccs of unheated and heated grapefruits that had been 
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Phomopsis Fruit Rot of Mango and Its Control 

c. Boonraung, u. Farungsang, and Somsiri Sangchote* 

PfiOMOPSIS nrangiferae Ahmed. causes stem-end rot on 
mangoes. Other stem-end rot pathogens of mangoes can 
be controlled by heat. and chemical treatments such as 
benomyl. Dipping mangocs in hot watcr at 53°C for 10 
minutes controlled anthracl1l)sc ami stcm-cnd rot effec
tively. Hot benomyl (O.05'Ir .. 50°C) was reported as an 
effective control measure of P. mangi(erae for 2 weeks. 
In this study, the biology of P. nrangifc'rae and the mod
ification of available control treatments for other stem
end rot pathogens were evaluated. 

Experiment J: lso/ates ofP. mangiferaeji'om different 
production areas. Mature-green mango fruits were har
vested from different producing areas, including Cha
choengsao, Nakhon Pathom, and Ratchaburi. The fruit 
were packed in cartons, 12 fruit per carton, and ripened 
at 25°C. At ripening, the fruit were checked for Pho
mopsis stem-end rot incidence. Diseased fruit were iso
lated for the causal organism by the tissue transplanting 
method. Isolates of P. nrangiferae were tested on their 
virulence on mangoes cv. Nam Dorkmai by stem-end 
inoculation. The disease severity was checked at ripen
ing. The most virulent isolate was selected for further 
study. 

Experiment 2: eu/timr susceptibility. Four cultivars 
of mango- Okrong. Kaew. Nang Klamgwan, and Nam 
Dorkmai - werc tested for their susceptibility to P. 
mangiferae. Fruit of each cultivar were inoculated at the 
stem end and incubated at 25°C, The disease severity 
was checked at ripening. 

Experiment 3: Pathogenicity on the other fruits. Four 
kinds of fruit - papaya, guava, banana, and rambutan 
- were tested for their susceptibility to P. nrangiferae. 
The fruit were inoculated and incubated as described 
above. TIle discase incidence was checked at ripening. 

Elperiment 4: Control measures. Mangocs cv. Nam 
Dorkmai were inoculated with P. nrangiferae and incu
bated in a moist chamber for 14 hours. The fruits were 
then dipped in one of fivc chemicals - carbendazim, 
dithainon, imazalil, prochloral. or mycobutanil - at a 
concentration of 750 ppm for 5 minutes for comparison 
with dipping in hot watn at 53°C for 5 minutes. The 
treated fruit were ripened at room temperature. Percent
age disease incidence was chccked at the ripening. 

* Department of Plant Pathology. Kaselsarl University. Bang
kok 10900. Thailand. 
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Results 

Iso/ates of P. rrrangifcrae from different producing 
areas. Mangoes from dilTerent producing areas showed 
different percentages of disease incidence. The highest 
disease incidence was found Oil mangoes from Nakhon 
Pathom. The isolates of I'. f1/{l/lgiferae from these areas 
were similar in their Ilwrphological characteristics. 
There were no differences in the severity of disease 
caused by the different isolates. the isolate from Cha
choengsao tended to be the most aggressive. 

Cu/rivar susceptibility. The four eultivars showed 
some differences in their susceptibility to P.mangiferae. 
Mango cv. Kaew was the most susceptible, while cv. 
Nam Dorkmai was the least. 

Pathogenicity on the other fruits. Banana, papaya, 
guava, and rambutan were infected by f'.mangiferae. It 
infected at the wounded part of the fruit, fruit rot 
resulted. Rambutan was the most susceptible to this 
fungus. 

Control measures. Dipping inoculated fruit in car
bcndazim, dithainon. irnazalil. prochloraz, or mycobu
tanil (750 ppm). or hot water (53°['). and incubating for 
14 hours. showell that all of thesc treatments could con
trol the disease (Table I). 

Table l. Percent unaffected area on mangoes cv. Nain 
Dorkmai after inoculating with P.IIl(JIlRifcrae and 
dipping in different treatments for 5 minutes and 
ripening at room temperature. 

Treatment 

Carbcndazim 750 ppm 
Dithainon 750 ppm 
lmazalil 750 ppm 
Mycobutanil750 ppm 
Prochloraz 750 ppm 
Hot water at 53 C C 
Water at room temperature 

Area offmitunaffected ('7<') 

99.5a 
9X.2a 
98.la 
98.5a 
97.8a 
99.8a 
88.4b 

Means followed Q) the same 1('1ler arc not significantly different at 
5% level hy DMRT. 



Management of 'Jelly-Seed' in Mango 
(Mangifera indica L.) ev. Tommy Atkins 

David Mayne, V. Vithanage, and J.H. Aylward* 

Abstract 

'Jclly-seed' is a characteristic breakdown in the tlesh of ripening mangoes starting from around the seed and 

progressing towards the surfaee orthe fruit. causing it to develop an offensivc taste and smell. This is a postharvest 

problem which starts at the preharvest stage. Until the last stages of this tlesh breakdown. the affected fruit 
maintains a normal external appearance. A number of cultivars such as Tommy Atkins. Sensation. Kent, and Van 
Dyke are susceptihle to this disorder and it is a worldwide problem whenever mangoes arc grown. The cause of 
jelly-seed is unknown. Although a number of hypotheses based on harvest time, fungal. and nutritional aspects, 
have been put forward to explain this disorder, none of these has been experimentally proven. We believe that 

jelly-seed may be caused by a number offactors, one of which may be genetic. In ollr quest to find a management 
tool for this disorder. we investigated the effect of flowering time on jclly-seed incidcnce. Our results show that 

delaying the flowering can significantly reduce the incidence or jelly-seed in Tommy Atkins mango. The methods 

we developed to delay the flowering time and the significance of these results will be discussed. 

* C5JRO Division of Horticulture. 306 Carmody Road. 5t 
Lucia. Queensland 4067, Australia. 
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Session Summaries -
Contributed Poster Papers 



Overview Issues - Maturity Assessment -
Postharvest Diseases and Disorders 

Chainnan: Dr Peter Hofman, Queensland Department of Primary Industries, Australia 
Rapporteur: Dr Grantley Chaplin, Horticultural Consultant, Australia 

Overview Issues 

Dr Farooqi described a series of postharvest studies conducted on tropical fruit in 
Pakistan. These included low temperature waxing and chemicals, as well as disease control 
and packaging. 

Interesting infollnation on the potential for cultivation and processing of tropical fruits in 
Papua New Guinea was presented by Dr Ihekoronye and Mr Levi. 

The need for careful quality control and detailed information about tropical fruits 
exported to temperate areas was emphasised by Professor Roy. 

Maturity Assessment 

Dr Blumenfeld carefully defined the various physiological stages of avocado - a major 
export crop of Israel. Special attention was given to the relationship of oil, dry matter, and 
taste to develop an objective maturity index. 

Similarly, Dr Shanthi described maturity studies on Sri Lankan Ambul bananas. 
Professor Onnop and colleagues have established correlations between the 
physicochemical measurements and eating quality of various longan cultivars in Thailand. 

Postharvest Diseases and Disorders 

Mr Cooke analysed the relative effects of weather and packing-house operations on final 
quality of ripe Australian mangoes, rain at harvest being deleterious. 

Time of tlowering was shown by Mr Mayne to influence incidence and severity of 
'jelly-seed' in Tommy Atkins in Australia and speculated that pollen 'quality' may be a 
factor. 

Dr Richter showed how physical damage and storage temperature and chemical 
treatments influences the development of sour rot of imported citrus in Gennany. 

'Semperfresh' was investigated as an alternative to refrigeration on several fruit species 
by Mr Negoni in Zimbabwe. Benefits were found in only some cultivars. 

Dr Hardjo investigated disease-control treatments for Indonesian mangoes to detennine 
optimal treatment conditions. Dr Sepiah investigated disease control in a new papaya 
cultivar in Malaysia by assessing several chemicals in plate and fruit treatment studies. 

Freckle disease has become widespread on most banana cultivars in Sri Lanka and export 
opportunities are thereby limited. Professor Nimol showed that improved cultural practices 
reduced the disease and also increased fruit yield. 

Miss Ubol studied the internal CO2 and C2H4 atmosphere of pre- and postharvest 
avocados by a new eqllil ibration technique to monitor ripening of wrapped andllnwrapped 
fruit. The method was simple. non- destructive, and gave consistent results. 

Dr MeGuire's poster was read by Dr Champ: a yeast antagonistic to Penicillium, applied 
to grapefruit in commercial waxes was found to extend storage life of fruit by up to 20o/c. 
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General discussion on hot-water treatments indicated that treatment definition, 
equipment, and actual treatment conditions require special attention, as docs commercial 
appreciation of recommended treatments. It was noted that pulp and/or peel temperatures 
are the important factors in treatment efficacy rather than water temperature. 

Mango ripening disorders are a continuing source of interest and speculation. 

Storage and Ripening* 

Chairman: Dr Alex Buchanan, Editor, ASEAN Food Journal 
Rapporteur: Dr Lindy Coates, Queensland Department of Primary Industries, 

Australia 

NINE poster-papers relating to the storage and ripening of tropical fruit were presented in 
this session. 

Mr Kouno from Japan described an online device to detect hollowness and measure 
ripeness of waternlelons by acoustic impulse responses. The device provides an alternative 
to the traditional slapping method for detecting hollow or overripe watermelons. The signal 
produced from tapping the fruit is assessed using a wave-analysing device. Fruit maturity 
can be related to the frequency of the signal produced. 

Mr Kouno also reported on a feasibility study conducted into the use of near infrared 
(NIR) spectroscopy for measuring internal quality of pineapples and mangoes. It was found 
that the sugar content of fruit could be adequately correlated with NIR reflectance 
properties. 

Dr Kadiyala from India reported on the distribution of minerals in Alphonso mangoes 
during ripening. 'I11is was correlated to internal breakdown ("spongy' tissue) in the 
mesocarp. Calcium, phosphorus. and potassium levels varied throughout the peel and flesh 
of fruit. It was found that 'spongy' tissue was low in calcium and high in potassium. 

Dr Kadiyala also described the effect of calcium on the physicochemical changes in 
Alphonso mangoes during ripening. Calcium chloride was applied as either a preharvest 
spray or by postharvest vacuum infiltration. Calcium-treated fruit showed delayed 
ripening, although some internal fruit breakdown did result from the treatments. 

Several papers dealt with low-temperature storage of tropical fruits. 
Ms Yon from Malaysia reported on the effects of low temperatures on the storage life 

and quality of carambolalstarfruit (cultivar B 17)' Fruit storage life was dependent on both 
fruit maturity and storage temperature. Mature fruit had a longer storage life than immature 
fruit. Fruit held at 5 or 10°C had a storage life of up to 4 weeks, whereas fruit held at 15 or 
20°C could be held for only 1 week. 

Dr Mahendra from Indonesia presented the results of a study on the incidence of chilling 
injury in salak (,snake') fruit. He concluded that low temperatures (3-5°C and 7-IO°C) 
extended storage life by up to 15 days, but the treatments caused chilling injury. 

Mr Gomolmanee from Thailand reported on the use of sulfur dioxide fumigation to 
reduce chilling injury symptoms in longan fruit stored at temperatures of -25°C to 2.5°C. 
Chilling injury, which occurred in unfumigated fruit, was observed as dark brown 
discoloration of the fruit peel. The peel of fumigated fruit remained yellow-brown. Ion 
leakage from the peel could he used to indicate the chilling injury symptom. 

Mr La-Ongsri from11lailand presented two papers on chilling injury in Iychee. As in the 

* Contributed poster papers on 'Storage and Ripening' were presented over two sessions in the 
conference program. 
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previous paper, chilling injury could be related to ion leakage from the peel. Chilling injury 
occurred in fruit stored at 0 and 2.SoC, but not in fruit stored at SoC. The symptoms of 
chilling injury could be alleviated by fumigating fruit with sulfur dioxide followed by an 
acid dip. 

Disinfestation and Primary Processing - Storage 
and Ripening 

Chairman: Dr Onnop Wara-Aswapati, Suranaree University of Technology, Thailand 
Rapporteur: Dr Wasim A. Farooqi, Nuclear Institute for Agriculture and Biology, 

Pakistan 

SEVENTEEN presentations were made in this session. The first paper, from Mr Chen, 
outl ined the general status of horticultural crops in the Jiangmen region of Guangdong 
Province, China, giving details of area. production, handling, and processing, with 
particular reference to quarantine. The second presentation was from Dr M.M. Saleh 
(Malaysia), who explained the fruit fly problem and disinfestation research in Malaysia. 
Professor Paull (USA) then spoke on the 'Insect quarantine treatments and fruit ripening'. 
The importance of the quarantine treatment on fruit was discussed, including the 
side-effect of fruit ripening. Since quarantine treatment is mandatory, however, treatment 
must be adjusted so that accelerated ripening of fruit docs not create a problem in fruit 
marketing. 

Dr Sharp (USA) discussed the usc of microwaves as a quarantine treatment to disinfest 
commodities of pests. She noted that microwaves were a safe postharvest treatment 
without health hazard. Hot water and cold treatments to control fruit flies were also 
discussed and compared. In cold storage methodology, the possibility of chilling-injury to 
the fruit was also highlighted. Mrs Yuniarti of Indonesia then described experimental work 
on the effect of pH and sugar content on apple cider quality. Dr Wuryani of Indonesia made 
a presentation on the osmotic dehydration of membrane-coated pineapple. In this paper, the 
benefits of this experimental work on this process in pineapple were described and 
discussed. 

Mr Seberry of Australia described the effects of plantation and postharvest factors on 
shelf life of 'Williams' banana. The use of calcium carbide in ripening was also explained, 
as well as environmental (ecosystem) factors that influence the quality of fruit. Bananas 
from Queensland and northern NSW of the same variety grown under different conditions 
behaved differently, particularly as regards postharvest chilling sensitivity. The fruit from 
Queensland (comparatively warmer climate) were more sensitive to chilling than those 
grown in NSW. 

Next presentation in this session was from Dr Acedo from the Philippines, who spoke 
about the optimisation of indigenous ripening systems for bananas in the Philippines. 

Professor Mizrahi of Israel explained the productivity and postharvest behaviour of 
black sapote (black persimmon) grown in the Israeli Negev Desert. Experimental work 
carried out on this fruit was described and discussed. Professor Imungi then spoke on 
storage and ripening of Kenyan bananas. He noted that fibrous and non-fibrous varieties of 
mangoes were grown in Kenya. Those mango varieties which contained fibres (thread-like 
structures in the pulp) were consumed locally, while non-fibrous mango varieties were 
exported. 
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TIle next speaker was from Malaysia. Mr Karim explained his work on the storage 
behaviour of sapodilla. rollowing storage at various temperatures (10, 15, and 20°C), the 
quality of the fruit was assessed. 

Dr T. Akinga from Japan described fundamental studies on the respiratory properties of 
some tropical fruits grown in Okinawa. He said the cost of an infrared gas analyser (IRGA) 
for estimating respiration was so high that not all laboratories or institutions involved in 
such studies could afford to buy one. He had therefore investigated the chemical estimation 
of gas (C02) released by the fruit and had found this method to be suitable and significantly 
cheaper. 

Professor S. Ben-Yehoshua of Israel, in his presentation, described the methodology of 
reducing decay and thus extending shelf life of bell-pepper and mango fruits by modified 
atmosphere (MA) packaging. He mentioned that this technique works and has beneficial 
effects. Perforation in the polyethylene packaging was found more effective for better 
storage and even ripening of fruit. Dr S. Wilson Wijaratnam of Sri Lanka presented a paper 
on the modified atmosphere storage of bananas at chilling temperatures, describing some 
of the research done in this area. The use of MAs reduces the risk of incidence of 
physiological disorder (chilling injury) to banana fruit. 

Dr Jingtair Siriphanich of TIlaibnd spoke about the factors that influence the ripening of 
'Chance' and' Monthong' durians. The experimental work carried out in his laboratory was 
explained and discussed. The next presentation was from Professor A.K. Thompson of 
U.K. regarding storage of fresh pineapples. He explained the possible usc of modified and 
controlled atmospheres, as well as hypobaric storage technology for the conservation of 
fresh fruit. The economics of some of the techniques, such as hypobaric storage, is a 
limiting factor at present. 

TIle last speaker of this part of the session was Dr Benzioni of Israel. She spoke on the 
effects of ethylene application on fruit postharvest characteristics of the kiwano (Cucumis 
metulZferus). Ethylene application helps to obtain an even colour and accelerates ripening 
for uniform supply. 

Conclusion 

The presentations made in this session highlighted the important problems of fruit 
production, handling. storage, and distribution. i.e. disinfestation, processing, storage, and 
ripening. Disinfestation of fruit by the usc of fumigants (chemical) or even in some cases 
low-level gamma irradiation (~ 200 Gy) is necessary when quarantine regulations require 
it. While using disinfestation techniques there is always a risk of side-effects such as 
accelerated ripening or even skin-injury as, for example, by ethylene dibromide 
fumigation in the past. Similarly, the availability of appropriate storage facilities, 
especially in the developing countries of Asia, is an important consideration. The positive 
effects of MA and CA storage were discussed. This type of storage. as well as extending 
shelf life, significantly reduces the possibility of chilling injury to the fruit. There is a need 
for more research on CA and hypobaric storage of tropical fruit. 

It is the responsibility of the scientific community to do research on postharvest aspects 
oHruit so as to develop a 'technology' which is cheap, technically feasible, and acceptable 
to the consumers, and offer it to the growers and traders so that everyone receives the 
benefits of the research. 
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Workshop Reports 



Controlled AtmospheresIModified Atmospheres 
Conveners: Adel Kader and Daryl Joyce 

Conclusions and Recommendations 

I. CAlMA must be considered as a supplement to (not a substitute for) maintenance of 
optimum ranges of temperature and relative humidity for extending postharvest life and 
retaining good quality offruits. 

2. Successful application of CAlMA technologies will depend upon minimising/avoiding 
stresses caused by physical damage, high temperatures, low temperatures (chilling 
injury), water, and ethylene. Effective control of postharvest diseases [using an IPM 
(integrated pest management) approach, including heat treatments, fungicides, ancl/or 
fungistatic levels of CO2] is essential to maximising the benefits of CAlMA. 

3. Use of CA during transport vs use of MA packaging depends on value of the 
commodity, length of postharvest life desired, and comparative cost, including 
environmental impact. 

4. Even under the best CAlMA conditions, postharvest life of most tropical fruits will 
likely be limited to 2-6 weeks for transport and/or temporary storage at 10-16°C 
(depending on commodity and variety) plus 3-10 days of subsequent ripening (if 
needed), distribution, and keeping at the consumer's home. This will permit use of sea 
transport instead of air transport. 

5. Research is needed to identify the optimum CAlMA conditions for intact and 
lightly-processed tropical fruits, especially those for which little or no information is 
available. The potential for fungistatic and insecticidal CA should be examined. The 
cost-benefit ratio of CAlMA and of ethylene removal merits evaluation. 

6. CAlMA is very promising for lightly-processed fruits and should be evaluated for 
tropical fruits, including microbial safety considerations. 

7. Research on CAlMA requires specialised facilities for gas mixing and analysis costing 
US$lOO 000 or more. Thus, it would be advisable to select one research centre in each 
country to focus on this research area. 
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Postharvest Physiology 
Conveners: Robert Paull and Connie Lizada 

THE attempt was to project future physiology research directions without reference to a 
specific crop. The directions can be grouped in various ways, all having difficulty 
associated with the importance of a crop to a region, and length of time needed to develop 
infornlation or resources. This difficulty precluded us from placing the various research 
areas in priority order. For ease of presentation two research areas can be used to group the 
topics considered. 

A. Information and Technology Development 

The areas falling under this topic were germplasm resources specifically related to 
postharvest characteristics. This overlays with molecular biology, preharvest factors 
influencing postharvest response, water relations of tropical fruit, physiology of the plant 
response to disease, control of ripening, cause of postharvest disorders, including 
responses to heat and cold, physiology of minimally processed fruit, controlled and 
modified atmospheres, and development of non-destructive maturity indices. 

B. Applied Research and Information Gathering 

This is taken strictly from a plant physiology perspective. An area that would enable the 
transfer of physiology data to the commercial sector is the development of baseline data on 
tropical fruit. ll1is would include respiration and ethylene production rates, temporal 
patterns of respiration and cthylene production rates, response tn ethylene at all stages of 
handling at very low and ripening induction levels, and time-temperature responses to cold 
and heat. The crop-time parameter matrix would be usefu I not only for research to 
appreciate the gaps in our knowledge but also to those involved in commercial handling. 

A worldwide network of individuals directly involved in tropical fruit postharvest 
research may take as a prime objective the development of such a tropical fruit crop 
physiology-knowledge matrix. This network docs not necessarily have to be formal or 
permanent. A small ad-hoc group with key members from different tropical regions of the 
world may be more effective. 
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Disinfestation 
Conveners: Nathan Ganapathi and Peter Hofman 

THE working group on disinfestation felt that hannonisation should be achieved locally 
(within the country) as well as internationally (between countries). It also agreed that a 
generic approach to disinfestation could in the long run standardise disinfestation 
treatments. (Generic approach refers to grouping pests and diseases into groups, e.g. 
genera/species offruit flies.) 

The definition of disinfestation must be spelt out clearly, e.g. 
• The old definition or concept in relation to fruit fly disinfestation would be expecting 

100% mortality - zero tolerance - no live larvae. 
• The other definition that needs to be considered would he in relation to irradiation -live 

larvae but nil capacity to multiply. Could we consider probit 9 emergence based on 
sterility or probit 9 emergence based on total mortality of larvae. 

• One of the problems encountered in irradiated commodity is that there is no clear-cut 
way to determine if the larvae have been irradiated. 
A systems approach is needed to ensure tested commodity has nil or very low infestation 

levels. More infonnation will be required for this. 
Disinfestation can be divided into two major areas: 

• preharvest, where not much information is available; and 
• postharvest which is generally associated with plant quarantine treatments. 

It was decided that two approaches are possible, one practical, the second idealistic. 
For a generic approach to disinfestation the following must be detennined. 

Disinfestation of: naked insects; insects in fruits; and fruits alone. 
The concept of generic approach will have to look at the range of doses in relation to the 

pests and the commodity. 
There is a need to build up or collate a database on the tolerance range of fruit tlies to heat 

and cold. 
One question that was raised was 'Can physiological tolerance of insects be grouped?' 
The working group also emphasised the fact that as far as possible there needs to be 

standardisation of rearing media and facilities used. 
In relation to protocols, an understanding has to be reached as to what probit levels we 

are aiming at. 
Toxicological studies and end-point mortality will also have to be considered. 
The pest risk analysis concept also needs to be developed further. There is a need to 

develop more scientific data and, based on these, to make recommendations to plant 
quarantine organisations to accept new proven treatments. The working group concluded 
that to overcome problems encountered in disinfestation there must be a coordinated 
international approach. 

480 



Diseases 
Conveners: Greg Johnson and Sing Ching Tongdee 

Conclusions and Recommendations 

1. In any research on the storage of tropical fruit, disease control is a primary 
consideration, yet the expertise to adequately address the problems often is not 
available. The move away from the use of postharvest fungicides will require far 
greater understanding of pathogen biology than is necessary for the implementation of 
control techniques based on chemicals. The appointment of specialist postharvest 
pathologists to undertake research on the biology of postharvest pathogens should be 
considered in many developing countries. 

2. Considerable basic research is required to document the causes of disease in many 
tropical fruits. Such work is underpinned by training in mycology. and access to an 
affordable identification service. Workshop participants deplored the introduction of 
fees for identification services, and endorsed the need for the establishment of an 
identification service and central culture collection within the region. Regional 
workshops to train local pathologists in the identification of fungi should be considered. 
A manual of standard methods for culturing fungi for identification, and diagnostic 
test-kits for use by non-specialists are also required. 

3. The development of proposals for the funding of research on the storage of tropical fruit 
should actively involve a postharvest pathologist, to ensure that this important research 
area is adequately resourced. 

4. Fine tuning of disease-control technology may be necessary when it is introduced into 
a country, with attention paid to ensuring that disease-control efficacy is maintained 
and unacceptable fruit damage avoided. 

5. In developing alternatives to fungicides, specific approaches that should be considered 
in the region include the following. 

- Studies on infection processes and other aspects of pathogen biology. 
- The assessment of biological control agents for fruit pathogens, as they become 

available under licence from research programs undertaken outside the region. 
Greater focus on disease-control strategies in the development of heat -disinfestation 
protocols. 

- Evaluation of preharvest control strategies (including copper fungicides) for the 
control of postharvest diseases. 
Identification of preformed antifungal compounds in fmit, and the assessment of the 
disease-control potential of plant extracts. 
Development of standard techniques to assess fruit resistance to pathogens. 
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Biocontrol of Diseases 
Conveners: Lise Korsten and Lindy Coates 

THE two main issues dealt with in the biocontrol workshop were the initiation ofbiocontrol 
programs, and commercialisation. 

As regards the former, the importance of selecting the correct isolate and screening 
assays was highlighted, and the inherent problems associated with these techniques were 
discussed. It was suggested that in vitro and in vivo techinques should be run in parallel, 
even though this is laborious and time consuming. 

A few alternative approaches were discussed, such as selective plating techniques and 
evaluating the spectrum of the antagonist activity against other plant pathogens, which 
would make biocontrol products more attractive for commercialisation. 

The use of industrially important microorganisms currently used in the food processing 
industry was also discussed, particularly in the context of postharvest biocontrol 
applications. 

The second aspect highlighted in the workshop was commercialisation, and at what stage 
researchers should hand ovcr to commercial companies. It was suggestcd that researchers 
should pursue biocontrol beyond the semicommercial stages, in order to strengthen their 
negotiating base with commercialising companies. It was also clear that at this stage a 
specialised team should be established, including a fermentation consultant. 

Specifications giving the exact format of the biocontrol agent should be provided before 
scaling-up of fermentation technology. This must be done in order to provide the most 
effective form of the antagonist. 

The importance offollowing an integrated approach was once again highlighted, as were 
problems associated with patenting of biocontrol concepts. The latter is an issue that should 
be addressed by research groups working in the postharvest arena of tropical crops. 

Finally, it was agreed that biocontrol workers should be proactive and establish a 
working group that can promote alternative disease control options, including not only 
bioaugmentation but also natural plant products, physical and environmental 
manipulations, etc., as dealt with in this conference. Such proactive approaches should be 
aimed at dealing realistically with the public perception of pesticides and alternative 
control strategies. 

482 



Molecular Biology 
Conveners: Colin Brady and Porntip Chaimanee 

A small group of eight discussed the application of molecular techniques to the advantage 
of tropical and subtropical horticulture. 

The range of techniques available was considered. It was noted that sequence databases 
were expanding rapidly, and the expanded infonnation base was reducing the initial cost 
of gene isolation and gene characterisation. The point was made, and not disputed, that 
genetic manipulation for comIllercial release should initially involve modifications of the 
endogenous genes and avoid the introduction of non-plant genes and homologues of the 
endogenous gene from other species. The need to express genes isolated solely on the basis 
of cross species homology, and, after expression, confirnl the function of the gene product 
was noted. 

There was some emphasis on the advantage of working with plant breeders and, where 
possible, working with in-bred lines. 

cIllC commercial interest in enhanced pest resistance was noted, and the expense of 
research on pest resistance, with its need for statistical evaluation, was discussed. 

There was discussion of desirable gene targets with emphasis on those regulating fruit 
colour, sugar-loading, and maturity. 

A call was made for a registration of research interests in the application of molecular 
biology to tropical and subtropical fruits, and of a willingness to discuss cooperative 
approaches. Registered interests are in the following table. The workshop recommended 
that ACJAR or ASEAN seek to expand and maintain this register. 

Activity 

I. Breeding 

2. Tissue culture 

3. Transformation! 
regeneration 

4. Molecular markers 
-RAPD 
. Targetted 

5. Protein isolation 
- Antisera 

- Sequence 

6. Gene isolation 

7. Gene expression 

Detail 

Papaya ripening variants 
Papaya 
Mango 
.) 

.) 

Mango 
Papaya 
Citrus 

Polygalacturonase -1 manoo 
PME r'~ 
Xylanase - papaya 

ACC synthase - papaya 
13-1 ,4-glucanase - papaya 
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Hawaii. Paull 
QDPI, Hofman 
CSIRO, Darwin 
MARDI 

MARDI 

Mexico 
Hawaii, Paull 
CSIRO, Brady 

Thailand, Porntip 
Silpakorn 
Hawaii, Paull 

Hawaii, Stiles 
MARDI, Lam 



Trade and Marketing 
Conveners: David Minnis and Godfrcy Luhulwa 

Marketing of Tropical Fruits 

The market prospccts for tropical fruits in A~ia, Europc, and Japan wcrc analysed in somc 
detail. 

In the short tenn, legislativc changes in thc EEe havc implications for Asian countrics 
supplying thc Europcan markct. They retlect concerns about chcmicals, consumer safety, 
and the cnvironmcnt that will, in the longcr ternl, emerge morc strongly in Asia. 

Key issucs subsequcntly raiscd during the workshop wcrc: 

1. World is opcrating in ncw cra of frcc tradc and opportunitics arc constantly changing. 

2. Lack of markct rcscarch in tropical fruits increascs the risks of ncw vcnturcs involving 
new crops. 

3. R&D and tcchnology transfcr must be industry driven. At present there is a perception 
that it is rcscarchcrs driving research. 

4. Lack of funds for R&D was highlighted as an impedimcnt. This is despitc the fact that 
various govcrnments in thc rcgion arc making claims that cxports arc crucial for thc 
development of their country. 

5. There is technology available that is not bcing uscd bccausc industry is unawarc of it, 
or is unable to commercially adapt it. The tcchnology transfcr proccss needs to be 
strengthcncd. 

6. Industry nccds a vision for thc future. It nccds to kecp setting ncw goals, with R&D 
supporting thc vision. 

Threats to Expanding Trade 

I. Thc market share commandcd by tropical fruits currcntly cxportcd by various countric~ 
in Asia is at risk from South American competition. 

2. Inferior and inadcquatc postharvcst handling proccdurcs arc a constraint to cxpansion 
of trade. 

Advanced postharvcst tcchnology is cmployed in South Amcrica, oftcn directly 
transposed and adoptcd from the USA. If ASEAN countries arc to compete with South 
Amcrican countries in the future thcy will nced to havc cquivalent levcls of postharvest 
tcchnology. 

3. Lack of markets in Asia due to limitcd acccss. 

4. Improvcd sca frcight tcchnology is nccdcd for pcrishable products such as tropical 
fruits. Without this technology cxport volume is restrictcd to air frcight or short 
voyagcs. 
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Recommendations 

I. That a multi-sectoral approach to R&D be adopted, so that research agencies together 
with the private sector are involved in jointly funded studies. 

2. That a multidisciplinary approach to tropical fruits R&D be adopted. 

3. That the commodity focus of R&D be on high value fruit and the marketing focus be on 
sea movement of tropical fruits. 

4. That work be initiated to develop generic disinfestation procedures to meet the 
requirements of major fruit-importing countries. 

5. That a mechanism for continuing and enhanced exchange of infornlation on technical 
issues and market development be established. 

6. That sustainability in R&D work be a matter of concern in developing countries. If 
trends in other countries are mirrored in Asia, the amount of government funds for 
horticultural research will decline. To offset this decline, the private sector will need to 
be financially involved and mechanisms for such involvement need to be developed. 
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Education and Training 
Conveners: Alfred Ihekoronye and Colin Bunt 

THE overall objective of this workshop was to identify means by which practical 
infonnation on postharvest handling of tropical fruits could be disseminated more 
effectively to growers and packers. 

A specific aim was to propose structural modules for training fruit growers and handlers 
in methods of handling fruit that will minimise quality losses. 

Identification of Need 

Dissemination of practical infom1ation is a challenge to the scientific community. There 
exists a wide range of infonnation on various aspects of postharvest handling of many 
tropical fruits in the scientific literature but getting this infonnation across, in language that 
is understandable to fruit growers, handlers, and traders is a task-specific problem. A 
mechanism is needed for doing this, perhaps through the establishment of linkages and 
networks among various countries. Participants in this workshop could act as primary 
vehicles for the implementation of such linkages. 

Codes of Practice 

Having identified the need for training and education for growers and postharvest fruit 
handlers, the next task was to detemline the codes of practice needed in this area. Using the 
mango fruit as an example, a code of practice for its handling would need to cover: 

picking 
transportation from the orchard 
treatment and classification 
storage 
transportation to the market place. 

Education and training would have to address issues on proper procedures that would 
minimise reduction in quality of the fruit at each link of the harvest-postharvest chain. To 
achieve this, training/education modules should comprise basic pamphlets, leaflets, and 
videos in simple language for the trainees. 

Recommendation 

It is recommended that a structural module for education and training of tropical fruit 
growers, handlers, and traders be implemented. Such a structure, when in place, will train 
tropical fruit producers on appropriate methods of handling their produce in order to 
minimise quality losses. 
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Research Network on Tropical Fruit Trees in Asia 
Convener: Nazmul Haq 

DR Nazmul Haq from Southampton University, U.K. presented for consideration by 
we,rkshop participants details of an ambitious scheme to establish a comprchensivc 
nctwork covcring all of Asia. The overall objective is to act as an umbrella framework for 
coordination of R&D activities in gcnctic resources, production, postharvest handling and 
processing, and socioeconomic and marketing aspects of promising tropical fruit trces in 
Asia. Initial support has been received from the Commonwealth Science Council and thc 
International Ccntre for Unrccogniscd Crops. Bangladesh, India, Pakistan, Malaysia, and 
Sri Lanka had. Dr Haq said, cxprcssed interest in the schemc. 

Workshop participants wcrc gcnerally supportive but wondered wherc funding would 
corne from and how the cffort nceded would be distributcd among network participants. 
One delegatc pointed out that there was no extension eomponcnt in thc plan, a scrious 
omission. All agrccd to fill in and return to Dr Haq as soon as possible an ICUC-IBPGR 
Questionnairc on Tropical Fruits. 
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Closing Remarks 

IT is a custom in Chiang Mai to set water containers beside the road so that travellers Tllay 
refresh themselves. Since prehistoric times, fruits have also been wayside refreshers, 
plucked to be enjoyed along the way. As a consequence, the fruits themselves have been 
dispersed. The mango accompanied the spread of Buddhism throughout Asia, and later 
travelled further, with Indian, Arab, and European traders and adventurers. 

Five hundred years ago, the determination and faith of Christopher Columbus in his 
journey to the Americas led to the flow of plants of commerce in trade from America to 
Europe and Asia. Where would Thai cuisine be without chilli and papaya, both originating 
in the Americas? Later there came pineapple, passionfruit, and avocado. In exchange, the 
fabled golden fruits - citrus, banana, and mango - were introduced into Europe, North 
America, and Africa. 

There were yet other jewels: the durian, mangosteen, lychee, longan, and rambutan -
the orphans - remained as seasonal pleasures for locals and intrepid travellers. 

Legend says that, in centuries past, couriers raced across China to deliver fresh Iychees 
to the Emperor. In the 19th century, Queen Victoria of England offered a prize to anyone 
who could deliver to her a fresh mangosteen. No-one claimed the prize. Nowadays, fresh 
tropical fruits, including mangosteen, can be transported by air around the world. 

We have spent the last few days accepting the hospitality of Chiang Mai. We have 
enjoyed the fruits of research on tropical fruit - including the orphans, and the wisdom 
gained in their production, handling, and marketing. The time has COTlle to return to our 
homes with new knowledge, contacts, and inspiration. 

ll1e success of this conference is due to the suppOli of our sponsors, to the efforts of 
many staff and students of Chiang Mai University who attended to local anangements, to 
help from many others in other agencies and, last but not least, to the paper presenters and 
participants who ensured a stimulating and enjoyable colloquium. 

We thank you all. 
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Assoc. Professor Suhaiia Mohamed, Faculty of Food Science and Biotechnology, Universili Pertanian 

Malaysia, 43400 UPM, Serdang, Selangor [Fax 6039485970] 
Mr Dhiauddin Mohd Nour, MARDI. P.O. Box 12301, Kuala Lumpur 50774 [Fax 60 3 948 3664] 
Mr Moong Ba, Federal Agricultural Marketing Authority, Tingkat 5-8. Bangunan Kuwasa, Jalan Raja 

Laut, 50350 Kuala Lumpur [Fax 60 3 291 0494] 
Dr Sepiah Muid, Basic Research Division, MARDI, P.O. Box 12301. 50774 Kuala Lumpur [Fax 60 3 

9483664] 
Mr Lee Tiong Ong. Perlis Plantations Berhad, P.O. Box 40,01700 Kangar, Perlis [Fax 604938 2211 J 
Dr Aziah Osman, Department of Food Science, Universiti Pertanian Malaysia, 43400 UPM, Serdang, 

Selangor [Fax 60 3 948 5970J 
Ms Cheng Imm Phang, c/- Commodity Development Branch, Department of Agriculture. Jln Sultan 

Salahuddin. Kuala Lumpur 50632 [Fax 603 291 3758] 
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Mr Khaliludin Ramly, ASEAN, Food Handling Bureau, Level 3, G 14 & GIS Damansara Town Centre, 
50490 Kuala Lumpur [Fax 60 3 255 2787J 

Dr Mohd M. Sallch, Fruit Research Division, MARDI, P.O. Box 12301. Kuala Lumpur 50774 [Fax 60 
39483664] 

Mr Awang Sallih, Rural Development Corporation. Kompleks Ibu Pejabat KPD 9 km, Jalan Tuaran. Beg 
Berkunci 8688998, Kota Kinabalu. Sabah [Fax 60 8842604] 

Ms Norma Mohd Sallch, Federal Agricultural Marketing Authority. Tingkat 5-8. Bangunan Kuwasa. 
lalan Raja Laut. 50350 Kuala Lumpur [Fax 60 3 291 0494] 

Mr Mohd Nuri Sam Abdul LatifT. Syarikat Kamarist No. 85 lalan Setiakasih. Bukit Damansara, Kuala 
Lumpur 50490 

Mr Esa Sulaiman. Agriculture Officer. Commodity Development Branch. Department of Agriculture, 
23000 Dungun. Terengganu [Fax 60963 SIll] 

Mr Swee Kcng Tan, Gatha Agriculture Sdn Bhd, First Floor Lobby A Wisma Segar. lalan Brickfields, 
50470 Kuala Lumpur [Fax 60 3 274 1181] 

Ms Rohani Md Yon. Food Technology Research Centre, MARDI. P.O. Box 1230 I. Kuala Lumpur 50774 
[Fax 60 39422906] 

Mexico 

Mr Juan G. Cruz-Castillo. c/- Department of Plant Science. Massey University. Palmerston North [Fax 
6463505606] 

New Caledonia 

Mr Alain Haury. Direction du Developpement Rural. BP 2386. Noumea [Fax 687 27 0577] 

Pakistan 

Dr Wasim A. Farooqi. Nuclear Institute for Agriculture and Biology. Jhang Road, P.O. Box 128. 
Faisalabad [Fax 92 411 61 9724] 

Papua New Guinea 

Dr Alfred Ihekoronye, Food Technology Program. Department of Applied Sciences. PNG University of 
Technology, Private Mail Bag, Lae [Fax 675 45 7240] 

Mr Merlly M. Kuruma. Dcpartment of Agriculture and Livestock, Highlands Agriculture Experiment 
Station. P.O. Box 384. Kainantu [Fax 675 77 3516] 

Mr Ian Mopafi. P.O. Box 174. Goroka EHP. Goroka 
Mr Levi B. To Viliran. Department of East New Britain. Division of Primary Industry, c/- DPI, P.O. Box 

440. Rabaul. ENB Province [Fax 675 92 1879] 

The Philippines 

Dr Antonio Acedo, Jr. Postharvest Physiology Laboratory. Department of Horticulture Baybay. Leyte 
6521-A [Fax 63 2 58 8692] 

Mr Juan C. Acosta, JCA Manolo Fortich, Bukidnon 
Ms Josephine U. Agravante. Faculty Village, University of the Philippines at Los Banos. College, 

Laguna 
Miss Leonisa Artes. Postharvest Horticulture Training and Research Center. University of the Philippines 

at Los Banos. College. Laguna 4031 [Fax 63 94 3259[ 
Mr Ricardo A.Bartolome. Agribusiness System Assistance Program (ASAP). 3rd Floor, Zeta Building 

II. 191 Sulcado Street. Legaspi Village. Makati. Metro Manila [Fax 63 2972543] 
Mr Rolando G. Bugayong. Crop Protection Department. Bayer Philippines Inc .. 3rd Floor. Equitable 

Bank. Ortigas Ave. Corner Roosevelt Street. San Juan. Metro Manila [Fax 63 2721 9101] 
Mr Jaime Chua, Cebu Legacy Marketing Corporation. Pilit Cabangcalan Mandaue. Cebu City 
Mr Romulo U. Cruz. Agrihusiness System Assistance Program (ASAP). 3rd Floor. Zeta Building II, 191 

Sulcado Street. Legaspi Village. Makati, Metro Manila [Fax 63 2972543] 
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Mr Pcdro Durano Y. Dagatan. DACEBLI TradtTs & Exporters Corp .. Madrazo fruit Ccnter. Davao City 
[fax 63 il2 75969] 

Mr Amalia Datukan. DepartnlL'l1t of Agriculture. c/- Mr Ricardo Frohmader. Agrihusiness Systelll 
Assistance Program (ASAP). 3rd Floor. Zc'ta Building II. I'll Sulcado Strcct, L<:gaspi Village. Makati. 
Metro Manila 

Mr Rogcr Dayis. NAFC'. c/ Mr Ricardo Frohllladcr. Agribusiness System Assistance Program (ASAP). 
3rd Floor. /A.'ta Building II. 1<)1 Sulcado Street. Legaspi Village. Makati, Metro Manila 

Mr Francisco Dizon. NAFC'. d- Mr Ricardo Fmhmadcr. Agribusiness System AssistanCL' Program 
(ASAP). 3rd Floor. Zeta Building II, 191 Sulcado Street. Legaspi Village. Makatl. Melro Manila 

Ms Susan A. Durano. Durano's Farm. Insular Village I. Lanang. Davao City ]fax 63 ~2 7596<)] 
Mr Ismael A. Elcvazo. Dacon Group of Companies. Dacon Complex. Ecoland Subdivision. Matina 

Davao City ]fax 63 82 (,]816] 
Mr Ricardo Frohmader. Agribusiness System ASSIstance Program (ASAP). 3rd Floor. Zeta Building II. 

191 Suicado Street. lxgaspi Village. Makati. Metro Manila [Fax 63 2 '172543] 
1\1s Salud Geronimo. PCARRP. Los Banos. Laguna 4030 
Mr Jaime M. Goyena, Sr. Multi-purpose Coop Inc., Lamot II. Calauan, Laguna 
Mr Grcgorio L. lIufano, Jr. Hufano Agri-busincss & Management Corporation. 55 Lingsat San 

Fernando. La 1I nion 
Mr Alfonso C. Juanengo. Agribusilll'ss System Assistance Program (ASAP). 3rel Floor, Zeta Building II. 

191 Suicado Street. Legaspi Village. Makati. Metro Manila ]Fax 63 2972543] 
Mr Salvador E. Leopoldo. Dacon (,roup of Companies. Dacon Complex Ecoland Subdivision. Matina, 

Davao City [Fax 63 ~2 63R 16] 
Dr Concepcion C. Lizada. Posth,lrvest Horticulture Training ami Research Center. Univt'fsity of the 

Philippines. College. Laguna [Fax 63 2 ~ 1705981 
Mr Benito Mesina, Mesina farill. Bric"wood Building. Km 7 Lanang. Davan City 
Mrs .Julieta Ophulencia. Nati<lllal Agricultllf;11 fishery Council. Elliplical Road. Dilim<ln. QuwlOn City 
Mr Bihano M. Marilag Ramos. Development Corporation Inc .. Brgy. Talangca. Sta. \1aria. Laguna 
Mr Benjamin Roy. Dole TropiFrcsh. P.O. Box 1541. MCPO 1255 Makati. Metro I'vlanila iFax I 415 nlX 

R687j 
Mr Vivencio G. Saludo. Agribusiness System Assistance Program (ASAP). 3n1 FlooL Zeta Building II. 

191 Suicado Street. Legaspi Village. Makati. Metro Manila ]Fax 63 2 97 2543] 
Mr Ernesto TO<jucro. c/- Mr Ricardo Frohmader. Agribusiness SySh'111 Assistance Program (ASAP). 3rd 

Floor. Zeta Building II. 191 Sulcado Street. Legaspi Village. Makati. Metro Manila 
Mr Lcopolao TIllison. EI Coco Mfg and Training Corp. (Phi I foopeJ<.), 17 Victoria An', New l\1anila. 

Quezon City 
Mr Roydl'n B. Tungol. Agrihusiness System Assistance Program (ASAP). 3rd Floor. Zeta Building II. 

191 Suicado Street. Legaspi Village. Makati. Metro Manila (Fax 63 2 '17 2543j 
Ms Irene L. Villapando. Agricultural Marketing Information System (AGMARIS). 9th Floor. Ben-Lor 

Building. 111-14 Quezon Avenuc. Quezon City (Fax 63 2 'i6 1-1966] 
Mr Carlos Yusepeng. Sun Bcam Oil Processor InL'., National Hi-way, General Santos City 

Singapore 

Dr Ka)'c Crippen. Department of Marketing. National University of Singapore. 10 Kent Ridge Crescent. 
05 II [Fax 6'; 7795<)41] 

South Africa 

Dr Lise Korstrn. Dept Microbiology and Plant Pathology. lllllVl'rsily of Pretoria. Pretoria 0002 (Fax 27 
12-'42271-'] 

Dr Lindsey .\1ilne. Mercilsky Technological SlTvicl's. Westl'alia Estate. P.O. Box 14, Duivciskloof. 
Transvaal 0835 (Fax 27 I 52J 9276 ] 

Sri Lanka 

Professor NimaI Adikaram. Departll1cnt of Botany. Univcrsity of Prradeniya. Pcradeniya [Fax 94 X 
32343] 

Mr Saratl! W. Alahakoon. Managing Director. Country Style Foods Ltd. 201 St Anthony's Road. 
Kirimctiyagara. Kadawata [Fax '14 I 440950j 
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Ms Piyananda Dissanayalee, Agricultural Manager, Fruit Project, Ceylon Tobacco Company Ltd, P.O. 
Box 18, Colombo [Fax 94 I 440058] 

Mr Martin West. MARD Project Pimburettewa via Pol\inaruwa [Fax 94 27 2174J 
Dr Shanthi Wilson Wijeratnam, Post-Harvest Technology Unit. Ceylon Institute of Scientific and 

Industrial Research, P.O. Box 787, 363 Bauddhaloka Mawatha, Colombo 7 IFax 94 I 6865671 

Thailand 

Miss Duangporn Amutiratana, Horticulture Research Institute, Pic hit Horticulture Research Center, 
Muang, Pichit 66000 

Dr Kittichai Banjong, Department of Agro-Industry, King Mongkut's Institute of Technology, 
Ladkrabang, Bangkok 10520 IFax 66 2 3269979] 

Mr Emmauuel Bole, CIRAD, Deicgation Bangkok, c/o Franco PacifIc, Rth Floor, Mahatun PlaIa, R88/88 
Plol'nchit Road. Bangkok IOJ30 IFax 66 2 253 68411 

Mr Udom Booncharoen, Fruits and Vegetables Quality Control for Export Center. Chiang Mai 50002 
Mr Piyawat Boon-Long, Institutl' for Scil'nce and Technology Research and Development, Chiang Mai 

University, Chiang Mai 50002 IFax 66 5321 OJ20] 
Miss Chawcewan Boonroung. Pranakronsriayutthaya Huntra Campus, 60/36 Tumbon Huntra, 

Pranakronsriayutthaya,Ayutthaya 13000 [Fax 66 35 24265 j 
Mr Danai Boonyakiat. Faculty of Agriculture, Chiang Mai University, Chiang Mai 50002 
Mr William Bourne, 16 Moo 8 Sankampaeng, Chiang Mai 50130 IFax 66 53 33 10411 
Mrs Wantana Buasup, Department of Agricultural Extension, Paholyothin Road Chatuchak, Bangkok 

10900 IFax 66 2 579 01631 
Dr Porntip Chaimance, Faculty of Science, Silpakorn University, Nakorn Pathom 73000 IFax 66.1425 

5820J 
Mr Pcerasak Chaiprasart. Kasetsart University Kamphaengsaen, Kasetsart University, Nakorn Pathom 

73140 
Dr Piya Chalermglin, Thailand Institute of Scientific and Technological Research, 196 Phahonycthin 

Road, Ladyao, Chatuchak, Bangkok 10900 [Fax 66 2 561 4771 J 
Mr Nopparat Chanchai, Faculty of Agro-industry, Chiang Mai University, Chiang Mai 5002 
Ms Arawan Chanpinij, EAC Export Corporation (Thailand) Ltd, 1168/92-109 Lumpini Tower. Rallla IV 

Road, ThungmahanlL'k, Sathofl], Bangkok 10120 [Fax 66 2 2'1',7 4628] 
Dr Sanguansri Charoenrein, Department of Agricultural Industry, Faculty of Agricultural Business, 

Maejo Institute of Agricultural Technology, Chiang Mai 50290 [Fax 66 534988611 
Ms Chansuda ChongsawaL Faculty of Agro-industry, Chiang Mai University, Chiang Mai 5002 
Mr Alberto Dc la Paz, c/o Population and Community Department. Asoc R, Sukhumvit 12 
Mrs Wallapa Dhirabhava, Plant Pathology and Microhiology Division, Department of Agriculture. 

Bangkok I09(X) 
Ms SlIpatra Dolsopon, Chiang Rai Horticultural Research Center, Chiang Rai 57000 
Mr Natapong Dumrongpavasap, Ni-Tcc Co. Ltd, 25/48 Suanluang Pravet. Bangkok 
Mr Udom Farungsang, Department of Plant Pathology, Faculty of Agricu Iture, Kalllphacngsal'n 

Campus, Kasetsart University, Nakorn Pathom 7-" 140 [Fax 66 .14 -"5 1-"92] 
Mrs Nuanwan Farungsang, Central Lab and Greenhouse Complex. Kamphaengsaen Campus. Kasets«n 

University, Nakorn Pathom 73140 IFax 66 34 35 1392] 
Mr Sompoch Gomolmance, Institute for Science and Technology, Research and Dt'veloplllenL Chiang 

Mai University, Chiang Mai 5{)(X)2 [Fax 66 532227761 
Mrs Ratiporn Harucnkit, KMITL, Ladkrabang. Charongkrung Road, Bangkok 10520 
Ms Methinee H. Charern, Faculty of Agro-Industry, ChIang Mai University, Chiang Mai 5002 
Mrs Rachada Intarakumheng, Agricultural Rl'gulatory Division, Department of Agriculture, 

Chatuchak, Bangkok 10900 I Fax 66 2 579 3576] 
Dr Montree Issarakraisila, Surat Thani Horticulture Rcsl'arch Centre. Department of Agriculturl'. P.O. 

Box 53, Surat Thani 840{)() IFax 66 77 21-\ 69:1-"] 
Mr NopadolMaejo Jarassamrit, Institute of Agricultural Technology, 63 Chiang Mai-.prao Road, 

Sansai, Chiang Mai 50290 
Mr Bundit Jarimopas, r\ational Agricultural MachinL'fj Ccnl<'r. Kasetsart University, Kamphacngsacn. 

Nakorn Pathom 73140 
Mr Somsak Jayasilpin. Horticulturl' Research Institute, Bangkhell, Bangkok 109{)() IFax 66 2 561 

4667J 
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Mr Siriporn Kaewsllriya, Department of Food Science and Technolugy, Agricultural Research and 
Training Center, P.O. Box 89, A. Muang, Lampang 52000 [Fax 66 54 21 8570[ 

Ms Thitikarn Kalmphaslltra, Farm Mechanisation Group, Department of Agricultural Extension, 
Bangkok 10900 

Mr Sirichai Kanlayanarat, Department of Chemical Engineering, King Mongkut's Institute of 
Technology, Thonburi, Ratburana, Bangkok 10140 

Ms Yllpin Kasinkasaempong, Chum phon Horticultural Research Centre, Sawi 86130 [Fax 66 77 50 
2589] 

Dr SaichoI Ketsa, Department of Horticulture, Faculty of Agriculture, Kasetsart University, Bangkhen, 
Bangkok 10900 [Fax 6625796152] 

Ms Sallworat Khunyotyeng, Department of Plant Pathology, Faculty of Agriculture, Chiang Mai 
University, Chiang Mai 50002 

Mrs Dares Kittiyopas, Engineer, Farm Mechanisation Group, Department of Agricultural Extension, 
Bangkok 10900 

Mr Surachart KIadniam, Rajamankala Institute of Technology, Chiang Mai Campus, Hauykean Road, 
Chiang Mai 50002 

Ms Tipawan Klaihanmai. Rajamankala Institute of Technology, Chiang Mai Campus, Hauykean Road, 
Chiang Mai 50002 

Mr Sllrachart KooariyakliL Chiang Rai Horticultural Rcsearch Center. Muang District, Chiang Rai 
Province 57000 [Fax 66 53 714 102J] 

Dr Suraphong Kosiyachinda, Department of Horticulture, Kasetsart University, Bangkok, 10903 
Ms Sura porn Kownarumitr, Chumphon Horticultural Research Centre, Sawi 86130 [Fax 66 77 50 

2589] 
Ms Montip Krachangvej, Agri-Business Promotion Division, Department of Agricultural Extension, 

Bangkok 10900 
Mrs Wilawan Kllmpuan, Institute of Science and Technology Research and Development, Chiang Mai 

University, Chiang Mai 50002 
Mr Pratcep Kunasol, Horticulture Research Institute, Department of Agriculture, Chatuchak, Bangkok 

10900 [Fax 662561 4667] 
Miss Kvanta Kwangvanshiratada, Agriculture Chemistry Division, Department of Agriculture, 

Chatuchak, Bangkok 10900 [Fax 662 561 5034] 
Mr Sanh La-Ongsri, Maejo Institute of Agricultural Technology. 6.1 Chiang Mai-Prao Road, Sansai, 

Chiang Mai 50290 
Ms Srisangwan Laywislldklll, Horticulture Department, Kasetsart University, Bangkok 10900 
Miss Ninlawan Lccllngcllisaticn, Horticultural Research Institute, Department of Agriculture, 

Bangkhen, Bangkok 10900 [Fax 66 2 561 4667] 
Miss Sujitra Lcrtpruk, Macjo Institute of Agricultural Technology, Sansai, Chiang Mai 50290 [Fax 66 

53498151] 
Miss Arllnya Limhanyen, Faculty of Agricultural Technology, King Mongkut's Institute of Technology, 

Ladkrabang, Bangkok 10520 
Dr Yuvadee Manakasem, School of Crop Production Technology, Institute of Agricultural Technology, 

Suranaree University of Technology, Nakhon Ratchasima 30000 [Fax 6644256376] 
Mr Kriang-krai Mekvanich, Head, Postharvest Technology Application Section, Farm Mechanization 

Group, Room 105,2143/1 Phaholyotin Road, Chatuchak, Bangkok 10900 
Mr Clive Murray, PSF Equipment (Thailand) Co. Ltd, 312!30 Ruam Chitr Townhouse, Sukhumvit Soi 

22, Bangkok [Fax 66 2 259 5189] 
Mr Sakmontri Nachaiwiang, Department of Plant Pathology, Faculty of Agriculture, Chiang Mai 

University, Chiang Mai 50002 
Mrs Peyanoot Naka, Chumphon Horticultural Research Centre, Sawi 86130 [Fax 6677 50 2589] 
Dr Sonthat NanthachaL Chief of Postharvest Group, Horticulture Research Institute, Department of 

Agriculture, BangKoK 10900 
Mr Woatthichai Narkrllgsa, Department of Agro-Industry, Faculty of Agricultural Technology, King 

Mongkut's Institute of Technology, Ladkrabang, Bangkok 10520 [Fax: 662326 9979J 
Mr Sompoch Noichinda, King Mongkut's Institute of Technology, 1518 Piboonsongkram Road, 

Bangsue, Bangkok 10800 [Fax 66 2 587 4350] 
Dr Visai Nopamornbodi, Foreign Project Sub-Division, Planning and Technical Division, Department 

of Agriculture, Chatuchak, Bangkok 10900 [Fax 66 2 561 5024] 
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Dr Patcharcc Pankun, Food Technology Department, Faculty of Science. Chulalongkom University. 
Bangkok 10330 [Fax 66 2 253 m37J 

Mr Ron Parkin. Thai-Aust Agricultural Extension Project. P.O. Box 90. Amphoe Muang. Phitsanulok 
65000 [Fax 665531 14281 

Ms Walaiporn Passornsiri. Horticultural Research Institute, Chiang Rai Horticultural Research Centre, 
Chiang Rai 57000 [Fax 665371 4024] 

Mr Sampao Pataragetvit, Thailand Institute of Scientific Research, Phaholyothin. Bangkok 10900 
Mr Jakraphong Phimphimol, Thailand Institute of Scientific and Technological Research,I96 

Phahonyothin Road, Chatuchak. Bangkok 10900 [Fax 6625614771] 
Miss Montip Pichetskul, Thai Industrial Standards Institute. Rama VI Street. Bangkok 10400 [Fax 662 

2487985] 
Miss Yenjit Piyasaengthong, Department of Plant Science, Faculty or Natural Resources. Prince of 

Songkhla University. Hat Yai, Songkhla 90110 
Miss Ruttiya Pongpisutta. Department of Plant Pathology, Kasetsart University, Bangkok 10900 [Fax 

6625796152] 
Dr Rungnaphar Pongsawathanit, Department of Agro-Industry, Faculty of Agricultural Technology. 

King Mongkut's Institute of Technology, Ladkrabang. Bangkok 10520 
Dr Wasan Pongsomboon, Horticulture Research Institute, Pichit Horticulture Research Center, Muang, 

Pichit 66000 [Fax 66 56 61 2351 J 
Ms Yuwadee Pooisiri. '1l1ailand Institute of Scientific and Technological Research, 196 Phahonyothin 

Road, Chatuchak. Bangkok 10900 [Fax 66 2 561 4771] 
Mrs Warunee Premanoch, Plant Pathology and Microbiology Division. Department of Agriculture, 

Bangkok 10900 
Mr Maitree l'reccha, 190 Maneerat Road, Amphur Muang, Uthaithani 
Mr Saw at Promint, Department of Pathology (Lab Bacteria), Chiang Mai University, Chiang Mai 

50002 
Mr Booosara Prom·;atit. Stored Product Insect Research Gronp. Entomology and Zoology Division, 

Department of Agriculture. Chatuchak, Bangkok 10900 [Fax 66 2 579 5583] 
Mrs .longwattana l'umhirun, Postharvest Section, Horticulture Research Institute, Department of 

Agriculture, Jatujuk. Bangkok 10900 
Mrs Punpaga Ratanakosol, Horticultural Research Institute, Srisaket Horticultural Research Centre, 

Srisaket 33000 [Fax 6645 61 2403] 
Ms Nithiya Rattanapanone, Department of Food Science and Technology, Faculty of Agro-industry. 

Chiang Mai University, Chiang Mai 50002 
Mrs Teeranud Romphophak, Central Laboratory and Greenhouse Complex, Kamphacngsaen Campus, 

Kasetsart University. Nakorn Path om 73140 [Fax 663435 13921 
Dr Tanaboon Sajja-AnantakuI, Department of Food Science and Technology, Kasctsart University. 

Bangkok 109m [Fax 66 2 561 3483] 
Dr Vicha Sardsud, Plant Pathology Department, Faculty of Agriculture, Chiang Mai University, Chiang 

Mai 50002 
Mr Tawatchai SasiphaIin, Khunwang Royal Agricultural Experiment Station. Chiang Mai 
Mr Banchong SikkhamondhoL Deputy Director General, Department of Agriculture. Bangkok 10900 
Miss Anchalee Sirichote, Department of Agro-Industry, Faculty of Natural Resources, Prince of Songkla 

University, Haadyai. Songkhla 90110 [Fax 66 74 21 2823] 
Dr Jingtair Siripanich. Horticulture Department. Kasetsart University. Kampangsaen. Nakorn Pathom 

73140 [Fax 66 34 35 1392] 
Sompatwan Sitdhisung, Prapat & Son Co. Ltd, Chiang Mai 50290 
Dr Chatree SittiguI, Plant Pathology Department, Faculty of Agriculture, Chiang Mai University, Chiang 

Mai 50002 
Mrs Kanokrat Sittipoch, Horticu Iture Research Institute, Department of Agriculture, Bangkhen, 

Bangkok 10900 [Fax 662561 4667] 
Dr Pairat Sophanodora. Department of Agro-Industry, Faculty or Natural Resources, Prince or Songkhla 

University, Hat Yai. Songkhla 90110 [Fax 66 74 21 2823] 
Assoc. Professor .linda Sornsrivichai, Biology Department, Chiang Mai University. 130 Heuw Keaw 

Road. Chiang Mai 50002 [Fax 66 53 22 226!SJ 
Mr Sombat Srichuwong, Plant Pathology Department, Faculty of Agriculture. Chiang Mai University. 

Chiang Mai 50002 
Mr Surakitti SrikuI, Surat Thani Horticulture Research Centre. Department of Agriculture, P.O. Box 53. 

Surat Thani 84000 [Fax 6677 28 6933] 
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Ms Chirap"rn Sunpakit, ACIAR Manager, Thailand, Australian Embassy, 37 South Sathorn Road, 
Bangkol-. 10120 [rax 662 287 2028] 

Dr Oranart Suntornwat, Department of Chemistry, Facu Ity of Science, Silpakorn U nivl'rsity, Nakorn 
Patholll 73000 [Fax 6634255820] 

Miss Anllwe Swasdipoon, Kasetsart lillivt'fsity, Kampha('ngsaen Campus, Kasetsart University, Nakorn 
Pathol1l 7J 140 

Mr Wachira Suadee, B.B. Dcvelopml'nt Co. Ltd, 99/ I Chiangrai-Dongmada Road, Muang District, 
Chiangrai 570()O 

Ms WiIai Suadee, Chiang Mai Air Port Quarantine Servicc, Chiang Mai S0002 
Mrs Somkid Tallllllarate, Agricultural Chcmistry DiviSion, DqJarlment of Agriculture, Chatuchak, 

Bangkok 10900 [rax 66 2 561 5034] 
Mr Tawat Tapingkae, Chiang Mai Agricultural Consultant Co. Ltd, Km 4 Maesa WalL'rrall Road, Mac 

Rim, Chiang Mai 501'1 I 0 
Mr Pratolll Teeraprasert, 29917 Nathong ViII, T.Tasala, Muang, Chiang Mai 50000 
Mr Boonthaem Thakumfoo, Chiang Rai Horticultural Research Center, Muang District, Chiang Rai 

PmvinCL' 57000 [Fax 6653 71 4024] 
Mrs Nongyow Thonglan, Agricultural Chemistry DiVision, Center or Export Inspection and Certification 

for Agricultural P.oducts (CEICAP), Department of Agriculture, Chatuchak, Bangkok 10900 [Fax 66 
25615034] 

Mrs Chavaratana Thubthimthai, Ccnter of Export Inspection and Certification for Agricultural 
Products (CEICAP), Agricultural Chemistry Division, Department of Agriculture, Chatuchak, 
Bangkok 10900 [Fax 66 2 561 5034] 

Mrs Sing Ching Tongdee, Thailand Institute of Scientific and Technological Research, 196 
PhallOnyothin Road, Chatuchak, Bangkok 10900 [Fax 662561 4771] 

I\1r lJdorn Unahawutti, Agricultural Regulatory Division, Department of Agriculture, Chatuchak, 
Bangkok 10900 [Fax 66 2 579 .15761 

Mr Ishwari Upadhyay, Division of Agricultural ami rood Engineering, Asian Institute of Technology, 
Bangkok 1050 I [Fax 66 2 524 6200[ 

Dr Jamnong Ulhaihutra, Department of Biology, Faculty of Science, Chiang Mai University, Chiang 
Mai 50002 [rax 66 S3 22 226S] 

Ms Moisiri Veerothai, Srinakarinwirot University, Sukulllvit 23, Bangkok I () I 10 [Fax 662 2600128] 
Assoc, Professor Niphon Visarathanonth, Department or Plant Pathology, Kasetsart University, 

Bangkok 10930 [Fax 66 2 579 6152] 
I\1s Siraporn Visessurakarn, Department of rood Technology, Faculty of Science, Chulalongkofll 

LJ niversity, Phya Thai, Bangkok 10330 
Dr Onnop Wara-Aswapati, School of Biology, Institute for Science, Suranarce University of 

Technology, Nakornraehasillla (Koral) [Fax 66 44 25 6376] 
Mr Wiwat Wattanachariya, Faculty of Agricultural Industry, Chiang Mai University, Chiang Mai 

50002 
Mr Prascrt \Vongthanarat, ChumphonlIorticulture Research Center, Departmcnt or Agriculture, Sawi, 

Chumphon 86130 
Mrs Walaikorn Worawisitthurnrong, Agricultural Regulatory Division, Department of Agriculture, 

Chatuchak, Bangkok 10900 [rax 6625793576] 

United Kingdom 

Dr NazmuI Haq, Department of Biology, School of Biological Science, Southampton University, Bassett 
Crcscent East, Southampton S09 3PZ [Fax 44703 59 4269] 

Ms Felicity Proctor, Natural Resources Institute, Central Avenue, Chatham Maritime, Chatham, Kent 
ME44TB [Fax 44634880066] 

Professor Rajat Roy, Division of iluman Nutrition, Glasgow Caledonian University, Southbrae Drive, 
Jordanhill, Glasgow G 13 I PP Scotland 

Dr Anna Snowdon, University of Cambridge, Wolfson College, Barton Road, Cambridge CB3 9BB [Fax 
44 223 60555] 

Professor A,K. Thompson, Postharvest Technology Department, Silsoe College, Cranfield Institute of 
Technology, Silsoe, Bedford MK45 4DT [Fax 44525 R6 05971 
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USA 

Dr Nancy Chen, Plant Molecular Physiology, University of Hawaii at Manoa, Hawaii 96R22 [Fax I 808 
9563542] 

Mr Michael Crowell, Hua Aina Inc., 280 Alaloa Road. lIilo, Hawaii 96720 [Fax I 808961 2695] 
Ms Lesley Hill, Paradise Plants, 575 Hinano Street. Hilo, Hawaii 96720 [Fax I 808961 2695] 
Professor Adel Kader, Department of Pomology. University of California, Davis, CA 95616 [Fax I 916 

7528502] 
Dr John D. Lamb, Senior Product Manager. Carrier Transcold Company, P.O. Box 4805. Carrier 

Parkway. Syracuse, NY 13221 [Fax I ,,15 4327698] 
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