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Address of Welcome

LADIES and gentlemen, on behalf of the Organising Committee, I would like to welcome
overseas and Vietnamese scientists, and other participants from various institutions in
Vietnam, to this international workshop.

Postharvest technology is an important issue in Vietnam at present because we are seeking
to reduce our postharvest losses and to improve the quality of our agricultural products. We
therefore much appreciate the opportunity to host this meeting in our country.

We are pleased that this workshop is being attended by Dr Bruce Champ, Coordinator of
ACIAR’s Postharvest Research Program, by Mr Khaliludin Ramly, the Director of the
ASEAN Food Handling Bureau, and by more than 20 other overseas participants from
countries including Australia, China, Thailand, Belgium, Netherlands, New Zealand, the
Philippines, and Malaysia. There are also delegates from the International Rice Research
Institute (IRRI), FAO headquarters in Rome, and the FAO Regional Office for Asia and the
Pacific (RAPA) in Bangkok, Thailand.

The Vietnamese scientists participating are from the Postharvest Technology Institute, the
Vegetable Research Institute, the Institute of Agricultural Engineering, the Plant Protection
Institute, and the Institute of Animal Husbandry, all of which are part of the Ministry of
Agriculture and Food Industry, the Research Institute of Agricultural Machinery Designing
and Manufacturing (Ministry of Heavy Industry), the Aquaculture Research Institute
(Ministry of Fisheries), the Hanoi Agricultural University No. 1, the University of
Agriculture and Forestry in Ho-Chi-Minh City, Can Tho Agricultural University, the Hanoi
Polytechnic University, and various other departments from the Ministry of Agriculture and
Food Industry, the Ministry of Science, Technology and Environment, the Ministry of
Fisheries and other State agencies. Journalists from various newspapers, Vietnam Radio, and
television are also attending.

There are seven sessions in the workshop, during which 20 papers will be presented, 11 by
visiting speakers and 9 by local specialists.

The Organising Committee has pleasure in asking Dr Bruce Champ to be chairman of the
workshop as a whole and of its first session. Other sessions will be chaired by:

. Dr Phan Hieu Hien: second session

. Dr Mervyn Bengston: third session

. Dr Chris Yuen: fourth session

. Professor Ken Buckle: fifth, sixth, and seventh sessions.

Once again, thank you very much for your kind participation and cooperation. We wish
you all a happy and successful workshop.

Dr Nghiem Chung Lan

Vice Director

Department of International Cooperation
Ministry of Agriculture and Food Industry
(Chairman of the Organising Committee)



Workshop Objectives

Dr Lan, Mr Ramly, distinguished colleagues and guests, it is a great honour for me to
participate in the opening of this international workshop.

I speak on behalf of ACIAR, the Australian Centre for International Agricultural Research
and the various Australian organisations represented in this workshop. These include the
University of New South Wales, the University of Western Sydney, the Australian National
University, the Commonwealth Scientific and Industrial Research Organisation, the
Queensland Department of Primary Industries, and private industry.

We would like to thank the Ministry of Agriculture and Food Industry for the opportunity
given to us to explore the ways and means by which the international community, and
Australia in particular, can assist development of postharvest technology in Vietnam. We
look forward to working in partnership with the scientists in your institutions here in
Vietnam.

The overall objective of the workshop is to review current issues in postharvest
technology in Vietnam. To achieve this objective, we must first establish your perceptions of
the problems in the postproduction sector in Vietnam. In doing so we must also define the
importance you attach to solving the problems. That is, we must know in both monetary and
social terms the cost to the community of the problems, and the chances that interventions
can be made that successfully address these problems in a cost-effective way.

Having identified the problems and the type of activity needed, we look for a comparative
advantage in Australia’s research and development programs, so that we can achieve the best
possible match of counterpart individuals and organisations. This is to provide the necessary
resources and facilitate the transfer of existing technology and development of new
technology.

Over the next two days we shall explore various components of the postproduction sector.
We shall look first at the framework for cooperation in this part of the world to ensure we
exploit its potential to the fullest extent — and, of course, change it if this is necessary.

We shall then look at the major commodities from the agriculture sector. First on the
agenda are grains and the principal constraints to their safe handling and storage —
moisture, temperature, pests, and spoilage diseases.

We shall then move to the perishable commodities, specifically fruit and vegetables, fish,
and livestock products, where losses in marketing are particularly high because of their very
short shelf life and their susceptibility to environmental stress.

We shall publish all the papers from the workshop and we would like the final volume to
provide a detailed record of the current technology available that may be relevant to
Vietnam’s needs.

The published proceedings of the workshop must record also the situation in Vietnam with
some estimate of the priorities that our colleagues in Vietnam attach to particular problems
and loss-reduction or income-generating activities.

Dr Bruce Champ
ACIAR
(Workshop Chairman)



Opening Address

LADIES and gentlemen, first of all, on behalf of the Ministry of Agriculture and Food
Industry, I would like to thank the Australian Centre for International Agricultural Research
(ACIAR), the ASEAN Food Handling Bureau (AFHB), and ABR Development Pte Ltd for
cooperating and assisting our Ministry to hold this workshop. We also would like to thank
and welcome scientists from different countries, who are participating with Vietnamese
scientists in this workshop on a very important aspect of agricultural production —
postharvest technology.

Vietnam is an agricultural nation with a total population of 72 million. Over 70% of the
people live in rural areas and are engaged in agriculture. Agricultural products make up
about 40% of Vietnam’s gross national product.

At present, Vietnam has over 7 million hectares of land under cultivation. Some 5.3
million hectares are sown to annual crops, of which rice is by far the most important: over 4
million hectares are sown each year to rice.

Before 1989, Vietnam suffered from food shortages, and had to import between a half and
one million tonnes of food, mainly rice, each year. Since 1989, thanks to the new policies in
economic development in general and in agriculture in particular, and with the application of
advanced technologies, Vietnam can not only ensure the basic food needs of its population,
but also has an annual surplus of 1.5-2 million tonnes of rice available for export. Food
productivity in paddy equivalent has attained 25-26 tonnes per year. Paddy itself accounts
for 22~23 million tonnes.

In addition to increases in rice production, there have been considerable improvements in
the production of some other food crops, such as maize, short- and long-term cash crops, and
tree fruits. There have also been advances in animal husbandry.

Nevertheless, there are still problems in agricultural production to be solved and, among
these, the need to reduce postharvest losses has been accorded the highest priority. The
results of research by many scientists has shown that annual postharvest losses in rice
production amount to 13—16% of the total production. That means that, of the total annual
production of 23 million tons of paddy, 3~3.5 million tonnes is being lost after harvest. This
is equivalent to the average production from one million hectares of rice land.

Maize, and beans and other vegetables, are also subject to serious losses after harvest.
Inadequate postharvest handling of agricultural products results not only in large
quantitative losses, but the quality of products is also very much affected.

Postharvest technology has therefore become a serious concern in Vietnam in recent years.
The national Post-Harvest Technology Institute has been established. Some positive results
have been gained from the activities of the Institute, as well as those of relevant
departments/sections of other research institutes and of the agricultural universities.
However, these initial gains have, for the most part, been modest.

This is why the Ministry of Agriculture and Food Industry sees this workshop as
important. It is considered a good opportunity for Vietnamese scientists and technologists to
meet with and learn from foreign postharvest specialists. Our scientists seek to gain access
to new and advanced postharvest technologies from other countries, so as to improve
agricultural production in Vietnam.

I am very proud and honoured to provide the opening statement to this workshop. Best
wishes to all of the participants, and have a successful workshop.

H.E. Dr Nguyen Thien Luan
Vice Minister of Agriculture and Food Industry
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Regional Strategies, Experience, and the Potential for
Collaboration in Postharvest Handling and Storage of Food
Commodities and Animal Feedstuffs

B.R. Champ*

Abstract

This paper examines the framework for international cooperation in technology for the handling and storage
of food commodities and animal feedstuffs in Southeast Asia, making particular reference to Vietnam. The
various opportunities for collaboration through national, regional, and global programs are explored in bi-
lateral and multilateral modes. Strategic issues are identified that must attract a high priority in national pro-
grams for addressing problems that constrain development and improvement in agriculture and in public

health and welfare. These include:

¢ quality assurance and the technology to implement programs that achieve this, whether with perishable
commodities such as fruit. vegetable, meat, and fish, or durable commodities such as grain;

« value adding to commodities, including processing and other methods of income generation; and

* economic evaluation of problems and the interventions needed to solve them, as well as to establish the

priorities for attention to such activities.

Specific topics are identified that cause the most significant losses and that are relevant to development
assistance programs and transfer of technology from developed countries. These include management of

moisture, temperature, pests, diseases, and mycotoxins.

By taking a regional perspective on postharvest prob-
lems a number of benefits become apparent immedi-
ately.

First, we see that there is a commonality of prob-
lems. We all face similar issues and the principles
involved in their solution are the same. In everyday
terms, a problem shared may be a problem spared.

Second, there is a potential for widened scope in
linked regional studies. There are great possibilities
for adding new dimensions to investigations and cer-
tainly greater challenges to researchers.

Third, modern technology often requires multidis-
ciplinary skills and capital intensive resources. This
applies particularly where chemical analysis is
involved. Analyses for the more recently discovered
mycotoxins of importance, for example, require the
use of expensive and sophisticated equipment of a
type that one could not expect to find in every labora-
tory, but rather to be installed in some central facility
and shared by many groups of researchers.

* Australian Centre for International Agricultural Research,
GPO Box 1571, Canberra ACT 2601, Australia.
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Fourth, there are opportunities to conserve
resources by collaboration in complementary pro-
gramming. Overall, this will lead to much better utili-
sation of resources which are invariably scarce.

Finally, by taking a regional perspective there is an
opportunity to focus regional resources on problems
that have been identified to be of high priority. This
will enhance the chance of success of rapid solution
of these problems in the shortest possible time.

Needs in Regional Collaboration

In implementing regional programs, to maximise
their value we need to ensure that certain basic crite-
ria are met.

First, the various research groups involved need to
standardise their research methodology and technol-
ogy evaluation procedures. There will then be a basis
for comparing results from different sources and for
expanding the comparable data bases.

Second, multidisciplinary inputs and core pro-
grams must be of critical mass. Solutions to problems
often need a range of inputs — chemistry, engineer-
ing, biometry, economics, for example — and if one
or other of these is missing the research may fail.



Also, research teams that are too small may be uneco-
nomic or ineffective.

A third basic criterion for maximising the value of
regional research programs is the development of
comprehensive, relevant, and usable data bases. The
usefulness of data bases is usually directly propor-
tional to their size, but there is a caveat: the data base
must be readily accessible to all who want to use it.

Another very important need in regional collabora-
tion is an understanding that the production and post-
production systems are linked. There must be a greater
appreciation of the need, in increasing production, to
also provide for effective means of handling the
increase in commodity. A very relevant example here
might be the need to develop handling systems for an
extra rice crop harvested during the wet season when
traditional drying methods are inapplicable. Pre- and
postharvest activities must be integrated.

We also need to exploit economies of scale in inter-
acting regional research and development programs
to enhance the chances of success in problem solving.
On the one hand, chance of success is enhanced by a
stronger focus on the problem, and the other by per-
mitting access to research resources that are not usu-
ally available in individual laboratories.

Harmonisation of regulatory frameworks for com-
modity inspection and treatment is a vital component
of regional collaboration. Harmonisation provides for
complementarity in research and the chances of adop-
tion of new technology are greatly enhanced if there
is a common acceptance of it throughout the region.

Last but not least in our consideration of regional
collaboration requirements is the need for network-
ing. Networking covers all areas of interchange of
information and ideas. When all work together
towards the achievement of common goals, great
economies inevitably follow. This very workshop is a
strand in our regional network. The contacts made
and relationships established during it will further
strengthen the network.

International Cooperation in the
Region

International cooperation can be considered under
three headings: bilateral collaboration; multilateral/
global activities, and regional activities.

Bilateral collaboration

Bilateral collaboration encompasses normal scien-
tific interchanges between individuals and institu-
tions, externally funded projects, and assisted
scientific collaboration such as that fostered by
ACIAR through its support of research partnerships
between scientific institutions. Recent externally
funded projects in the postharvest area in Vietnam
have included the Rice Postharvest Systems project

i1

of UAF, PHTI, and IDRC, and also work on sweet
potato (NIAS/IDRC) and groundnuts (KKV/UAF/
IDRC).

Multilateral/global activities

Among the organisations supporting multilateral
and global activities FAO, WHO, Codex Alimentar-
ius, and CGIAR and the International Agricultural
Research Centers will be well known to most
researchers. I mention in passing that these agencies
generally seek to frame their activities around exist-
ing national programs, so as to synergise these.

FAO programs of interest include the strengthening
of integrated pest management (IPM) in Vietnam,
through Phase III of the Intercountry Program for
IPM in South and Southeast Asia. Activities under
this program in Vietnam are funded by Australia
through FAO. Very recently, FAO has provided sup-
port for the formation of the new Association for
Food Science and Technology in Vietnam. FAO has
also been involved in assessment of postharvest
losses in Vietnam.

WHO activities in Vietnam centre on determining
the occurrence and significance of food-borne fungi
and mycotoxins through support survey work of the
International Agency for Research on Cancer
(IARC). WHO also has a general interest, of course,
in the whole area of nutrition and health.

The Codex Alimentarius and the Joint Meeting on
Pesticide Residues seek to determine, through rigor-
ous research, safe limits for the occurrence of pesti-
cides and other residues in food, and to have these
limits adopted by national regulatory agencies. Only
through general adoption and harmonisation of maxi-
mum residue limits (MRLs) can food safety be
ensured and one of the last barriers to unimpeded
international trade in foodstuffs overcome.

The Consultative Group on International Agricul-
tural Research (CGIAR) and the International Agri-
cultural Research Centres (IARCs) supported by it
make very important contributions to global prob-
lems in agriculture. They include the International
Rice Research Institute (IRRI), the International
Center for Wheat and Maize Improvement (CIM-
MYT), the International Centre for Living Aquatic
Resources Management (ICLARM), and the Interna-
tional Food Policy Research Institute (IFPRI). Unfor-
tunately, the postharvest subsector has not, so far,
been particularly well served by the IARCs other than
perhaps IRRI, and it is essential that this should
change given the contribution that improved posthar-
vest technology makes to increased food availability.

There are many discipline-based associations con-
tributing to global exchange of postharvest informa-
tion, too many to list exhaustively here. I mention,
however, the International Association for Horticul-



tural Science (ISHS), which has a Postharvest Com-
mission whose activities are covered in a paper in
these proceedings. Also worthy of note are the Inter-
national Working Conferences on Stored-product
Protection (IWCSPP) held every 4 years at selected
locations around the world. The proceedings of the
latest IWCSPP, held in Canberra in April 1994, have
been published and were available for inspection dur-
ing the workshop. The next IWCSPP will be held in
Beijing in 1998. One hopes that many of Vietnam’s
food storage specialists will be able to attend. Other
discipline-based activities of interest include the
International Union for Food Science and Technol-
ogy and the International Congresses of Entomology.

Regional activities

FAO does, of course, promote regional programs
and networks within its global activities. Notable
have been the Regional Network on Post Harvest
Technology and Quality Control of Food Grains
(REGNET) which played a very productive role until
lack of funding forced its abandonment. The continu-
ing role of REAPASIA, the Regional Association for
Post -production Technology Institutions in Asia, has
provided for valuable interchange between countries
in the region concerned with production of all agri-
cultural crops. In the mycotoxin area, occasional
regional workshops have maintained a focus on this
problem with the most recent workshop sponsored by
the U.N. Environment Programme. Harmonisation of
pesticide use must also be identified.

Another key player in regional activities is the
ASEAN Food Handling Bureau (AFHB), based in
Kuala Lumpur. Indeed, AFHB was a prime mover in
the organisation of this workshop. The ASEAN Food
Handling Project was funded as part of the ASEAN-
Australia Economic Cooperation Program. Phase III
of the project targets issues of quality assurance, food
safety, and minimal processing. ASEAN agencies pro-
vide opportunities for problem management that may
be based on a regional strategy and action plan that
link with corresponding national plans.

The AFHB has collaborated with the Group for
Assistance on Systems relating to Grain After-harvest
(GASGA) in promoting drying technology in the
region and addressing mycotoxin problems. In the lat-
ter area it has produced a regional Strategy and Action
Plan for Control of Fungi and Mycotoxins in ASEAN
Food and Feedstuffs, complementing the activities of
the GASGA Working Party on Fungi and Mycotoxins
in Asian Food and Feedstuffs. Among many other val-
uable outputs, AFHB is actively promoting a series of
publications on ‘Suggested Recommendations for the
Fumigation of Grain in the ASEAN Region’.

Other regional activities of interest include the
work of the ASEAN Food Security Reserve Board
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(AFSRB), which is concerned with grain security,
particularly rice, and of SEAMEQO/SEARCA, based
in the Philippines, which is coordinating, for exam-
ple, IDRC-funded work on peanuts in Vietnam, and
SEAMEO/BIOTROP which conducted a grain ware-
house management course at the same time as this
workshop.

It is regrettable that the ASEAN Grains Post Har-
vest Programme has been disbanded. The program
provided, for more than 10 years, a technical service
to the ASEAN region’s grain industries under the
supervision of the AFSRB. At its peak it was sup-
ported by Canada, USA, Holland, and Australia, with
Canada remaining the sole supporting country in its
more recent phase of activity. It is hoped that ASEAN
will provide a reincarnation at least of the annual
workshops which provided for valuable interchange
in the region.

High Priority Strategic Issues

High priority strategic issues in current regional
cooperation are quality assurance, value adding, and
economic assessment.

Quality assurance strategies for durable commodi-
ties such as cereal grains rest on the proper manage-
ment of moisture, temperature, and pests, and the
control of fungi and mycotoxins. The key objectives
for perishable commodities are extension of shelf
life, development of minimal processing techniques,
and establishment of cost-effective quarantine treat-
ments that are acceptable to importing countries.

Value adding is seen as essential to increasing the
contribution of agricuiture, through export income, to
national economies. This is particularly significant to
Vietnam, which has abundant labour resources to
engage in food processing and other value-adding
activities.

Linked with quality assurance and value adding is
food safety which must be an integral part of all pro-
grams aimed at increasing availability of food for
domestic consumption and export. Measures taken to
enhance production or prevent deterioration after har-
vest, as well as processing methodology, must main-
tain contamination by biological organisms or
chemical residues within prescribed and internation-
ally acceptable limits.

Last but not least, we must mention economics. We
must ensure that all our interventions in the postharvest
subsector yield favourable economic returns. Clearly,
any activity which costs more than it yields should not
be engaged in. However, the objective measurement of
returns from research interventions is itself a challenge
and subject to ongoing study. Researchers, research
agencies, and funding bodies need to keep this in mind
when planning their programs.



Postharvest Technologies for Food Grains in Vietnam:
Situation and Perspectives

Le Doan Dien*

Abstract

Vietnam is predominantly an agricultural economy in which rice is the major crop and the staple food. Great
efforts are therefore being made to improve paddy production and postproduction practices.

Annual food production in Vietnam has increased by an average of about 40% over the past 10 years, but
postharvest losses of agro-products in general, and of food grains in particular, remain relatively high. The
average annual paddy loss in Vietnam is 13—16%. This is equivalent to about 1.6 Mt of harvested rice, val-
ued at an estimated US$350-360 million.

The Post Harvest Technology Institute of the Ministry of Agriculture and Food Industry is providing in-
struction at Ministerial and national levels for the establishment of standards for food grains, especially pad-
dy and rice, and inspection using specialised equipment. To reduce quantitative and qualitative postharvest
losses of food grains, attention has been focused on the following activities and operations: harvesting; pre-
storage activities (threshing, drying, cleaning, grading); storage (different methods of storage, integrated
pest management, use of biopesticides for storage of food grains); milling and processing especially
processing of pulses; and quality control and standardisation.

Vietnam is seeking to develop linkages with its Asian neighbours to exchange information on postharvest

technology.

VIETNAM is predominantly an agricultural economy
based on paddy production. As rice is the staple food
and a very important component of the agricultural
sector, all efforts are being concentrated on it.

Food production increased from 17.6 Mt/year dur-
ing the period 1981-1988 to 22.2 Mt during 1989-
1992, and reached 25 Mt in 1993. Up until 1989,
when it achieved self-sufficiency in paddy produc-
tion, Vietnam had to import 0.5-1 Mt/year of food for
domestic consumption. Since then a surplus of 1.4—
1.9 Mt of paddy has been exported each year. Having
attended to their own food security needs, Vietnam-
ese peasants have started focusing their attention on
agro-products for export, such as rice, maize, coffee,
tea, rubber, groundnut, vegetables and animal prod-
ucts.

* Post-Harvest Technology Institute, 4 Ngo-Quyen Street,
Hoan Kien District, Hanoi, Vietnam.

Rapid Economic Development

Vietnam’s economy has developed relatively rapidly
in recent years, gross domestic product (GDP) grow-
ing by an average of 5.2% a year over the 1986-91
period. This compares very favourably with other
countries in the region. The living standards of the
Vietnamese people have clearly improved, leading to
a continuously escalating demand for higher quality
goods. In order to tap international markets Vietnam
must, for its part, increase the quality of the goods it
has to offer. Thus, to increase its economic competi-
tiveness Vietnam is seeking to export, rather than raw
agricultural products, processed foodstuffs that meet
international standards and requirements.

For sustainable development, Vietnam must
engage its abundant labour force, make effective use
of its natural resources, maintain its biodiversity,
improve its physical environment, and broaden its
cooperative relations with other countries, especially
those in Asia.



High Postharvest Losses

It must be emphasised, however, that postharvest
losses of agro-products in general, and of food grains
in particular, are relatively high.

For example, the average annual paddy loss in
Vietnam is 13—-16% (Table 1). This is equivalent to
about 1.6 Mt of harvested rice, valued at an estimated
US$350-360 million. Losses are greater for non-rice
food crops such as sweet potato, cassava, and potato:
about 1.15 Mt (US$80.86 million) each year for these
three commodities. The annual loss of maize can be
as high as 100,000 t (US$13-15 million). This evalu-
ation excludes postharvest losses of vegetables,
pulses, and other agricultural products.

Table 1.  Postharvest losses (%) of paddy in Vietnam.
Losses during harvesting (grain left in the field) 1.3-1.7
Losses during threshing (unthreshed or spilled) 1.4-1.8
Losses during drying and cleaning 1.9-2.1
Transport losses 1.2-1.5
Storage losses (highly variable) 3.2-39
Milling losses 4.0-5.0
Total accumulated losses 13.0-16.0

Sources: Post Harvest Technology Institute, National Statistical
Department, and FAO Post Harvest Loss Project (VIE/80/014).

Besides quantitative losses, losses in quality are
also significant. Mould infestations arising from
improper storage technologies may cause reductions
in concentrations of amino acids in general and of
some essential amino acids in particular.

Postharvest Operations

Drying and storage

Postharvest operations in general, and drying and
storage of food grains in particular in Vietnam are
mainly traditional manual ones, causing losses and
inefficiencies throughout the postproduction system.

In the Red River Delta the farmers use a sickle for
cutting rice stalks. Whether the stalk is cut short or
long depends on what use is to be made of the straw.
Stalks with unthreshed panicles are tied in bundles
and left in the field for some hours. Hand harvesting
is arduous work that leads to back pain and cut fin-
gers. Paddy losses result from shattering and uncut
stalks left in the field. Sheaves of rice are carried
home on the shoulder, by cart pulled by buffalo, men

or children, by small motorised tracter, or by bicycle.
Losses due to shattering occur along the way, and
during loading and unloading.

The rice is threshed within a few hours of harvest-
ing. Both pedal and small motorised threshing
machines are used. Preliminary cleaning is done
using a rake and a broom. Sun drying is carried out
by women and children in the farmer’s yard over 3
days in the rainy season, and 2 days in the dry season.
The grain is considered dry if it breaks with a solid
sound when bitten. The grain is cleared using an elec-
tric fan, a cleaning wood drum, or the wind. Dry
paddy is stored in wooden boxes with capacities
ranging from 500-1000 kg. Losses occur due to
rodents, insects, and moisture.

Postharvest operations in the Mekong Delta are
similar to those in the Red River Delta, but losses are
higher, averaging 20% for the summer—autumn (wet
season) paddy crop. However, two well-built and
equipped silos of 10000 and 48000 t capacity, at Tra
Noc and Cao Lanh, respectively, have made a signifi-
cant contribution to maintaining the quality of rice for
local consumption and export.

Marketing

During the long periods of extreme economic diffi-
culties and food shortages in the late 1970s and early
1980s, the marketing system was strictly organised
and controlled by government. In the present transi-
tion period, individual farmers may sell their surplus
crops to the State trading organisations, private trad-
ers, or direct to consumers in the local markets. Food
crops such as maize, sweet potato, and cassava are
used mainly for local consumption in the raw form.
Because of a lack of postharvest technologies and
investment capital, the production and export of any
of these crops cannot be increased, although the
potential exists to do so. For the present, rice is the
main product being handled through various postpro-
duction operations.

Some small traders at the village level may open
rice mills, buying paddy from farmers for milling and
sale to consumers and the State rice trading organisa-
tions. Some traders transport rice from one village to
another or to the cities for sale, but they have to apply
for trading permission and pay a trading tax. There
are no accurate statistics showing the number of pri-
vate traders and the quantities of rice marketed
through this channel, but it is estimated that over 60%
of rice, by quantity, passes through the network of
food trading organisations.

Rice for export is handled by the State rice trading
organisations — VINAFOOD I, II and III. The pro-
vincial VINAFOOD has its own warehouses, retail
stores, and rice mills with milling capacities of about
15 t/day. In each district, there is also a food com-
pany, under the supervision of the provincial VINA-



FOOD. The district food companies, which have
warehouses and small-scale rice mills of about 300
kg/day capacity, are struggling to survive, because of
cash-flow problems and obsolete milling and storage
facilities.

Postharvest Research and
Development

The Post Harvest Technology Institute (PHTI) of
the Ministry of Agriculture and Food Industry
(MAFI) is providing instruction at Ministerial and
national levels for the establishment of standards
for food grains, especially paddy and rice, and
inspection using specialised equipment. The Food
Equipment Manufacturing Factory No 1 (FEMF No
1) in Hanoi and the FEMF No 2 in Ho Chi Minh
City can manufacture threshers, dryers, rice mills,
and other farm equipment. Due to the lack of funds
and motivation, these factories are operating at well
below full capacity. For instance, the FEMF No I,
created 25 years ago, has reduced the workers from
900 to 300 for the time being. The number of pro-
fessional staff is 60 (including electrical, industrial,
and mechanical engineers, and accountants). Its
raw materials (belts, steel) are imported. Some rice
milling companies in the northern and central prov-
inces have ordered equipment and spare parts from
this factory.

To reduce quantitative and qualitative postharvest
losses of food grains, attention has been focused on
the following activities and operations: harvesting;
pre-storage activities (threshing, drying, cleaning,
grading); storage (different methods of storage, inte-
grated pest management, use of biopesticides for
storage of food grains); milling and processing, espe-
cially processing of pulses; quality control and stand-
ardisation; etc.

Since improvements in the postharvest subsector
have high potential for increasing agricultural pro-
duction and economic efficiency through job creation
and increasing farm incomes, it is attracting much
attention. In addition, upgrading of postharvest activ-
ities will help remove the bottle-necks appearing in
the preharvest stage and will stimulate production.
This will make a decisive contribution to the process
of diversification in the preharvest stage, enrich the
cropping system, improve the crop rotation system,
increase the possibilities of crop production, and use
the abundant labour force in rural areas for increasing
farmer incomes. Such results will have a significant
impact on agricultural output.

In the coming years, agriculture will continue to
play an important role in the national economy. The
former policy of ‘food self-sufficiency at all costs’
has been replaced by a more comprehensive food
strategy, taking into account the interrelationships

between agriculture and industry, namely agro-indus-
try, between food crops and industrial crops, between
cultivation and animal husbandry, between ecological
conservation and agricultural productivity, and
between pre- and postharvest stages.

To overcome problems relating to agricultural pro-
duction and help agriculture realise its full potential,
the Vietnamese Government has paid much attention
to the postharvest activities of drying, storage,
processing, and quality control of food grains. It is
considered one of the priority targets in the economic
development policy in general, and the rural develop-
ment policy in particular.

Postharvest activities in general, and drying, stor-
age, and processing of food grains in particular,
have played a major role in the growth and struc-
tural transformation of Vietnam’s economy. These
problems have close links with the agro-food indus-
tries. They also have close links with the service
sector in the framework of a market-orientated
economy, and in the transition of Vietnam from a
low income, predominantly agrarian economy to a
prosperous diversified economy with both agricul-
ture and manufacturing sectors. In the framework of
government policies on industrialisation and mod-
ernisation of the economy in general and of agricul-
ture in particular, postharvest technologies in
Vietnam must be well equipped and integrated.
Optimal combination of traditional and modern
technologies in different postharvest sectors (thresh-
ing, drying, cleaning, grading, storing, processing,
controlling quality, packaging, distributing, etc.)
must be achieved.

The major contributions of postharvest activities of
foodgrains are:
 enterprise creation, particularly small-scale enter-

prises;

« growth in output and diversification of the economy;
+ job creation, especially in rural areas;

 rural development; and

e export growth.

Regional Collaboration

Vietnam and its neighbours in Asia share similarities
in land and climatic conditions, and in customs and
habits. Cultural and scientific exchanges between the
Asian countries are increasing daily.

In the field of postharvest technologies in general
and drying and storage technologies for food grains
in particular, the Asian countries can usefully
exchange experience. Cooperation in the develop-
ment of postharvest technologies would bring
mutual benefits to Vietnam and its Asian neigh-
bours.

We therefore take this opportunity to propose
establishing a joint project on reducing postharvest



losses of foodgrains by strengthening postharvest
technologies, including drying and storage. This
could be organised under the auspices of, and with
the technical and financial support of, ACIAR,
AFHB, and the Asian Development Bank.

The main objectives of such a project would be as

follows:

To reduce postharvest losses of food grains by
applying appropriate technologies from the various
countries in Asia, while taking advantage of
exchanges of knowledge between scientists of
Asian countries.

To train scientific researchers of Asian countries on
specific topics in the field of postharvest technologies

and agro-industry (for example, prevention of myco-
toxins in foodgrains, outdoor storage of foodgrains in
plastic enclosures or small-scale mobile silos, with
the technical support of ACIAR etc.).

To increase the research potential of the different
institutions involved in postharvest activities and
agro-industry from Asian countries.

To develop a program of short- and long-term
research and development cooperation on prob-
lems of the postharvest subsector in agriculture and
agro-industry among countries of Asia.

» To establish a network of different countries for

execution and implementation of specific topics of
general interest.



Postharvest Technology Research, Development, and Technology
Transfer at the International Rice Research Institute

M. Gummert, B. Douthwaite, and R.M. Lantin*

Abstract

Reduction of postharvest losses is one way to increase rice production on the same, or even smaller, land
area. The Engineering Division of the Intemational Rice Research Institute (IRRI) has developed or adopted
a number of harvest and postharvest technologies for farm and contract-level operations. These include the
reaper, the axial-flow thresher, two small-area stripper harvesting systems, the flat-bed dryer, and a low-
temperature in-bin drying and storage system (LT-1BDS). To ensure significance of the development proc-
ess, target groups such as local manufacturers and end-users are involved at an early stage of development
for verification of the technology’s feasibility, functionality, durability, and profitability. Dissemination ac-
tivities include collaboration with National Agricultural Research Systems (NARS), and provision of infor-
mation packages and prototypes for national and international agencies. A technology evaluation network
with NARS in Indonesia, Thailand, the Philippines, and Vietnam has recently been established for technol-
ogy verification under different technical and socioeconomic conditions.

VIRTUALLY all consumers whose staple food is rice
live in developing countries, most of them in Asia,
where 90% of the world’s rice is grown. About 80 to
100 million additional people must be fed each year,
again most of them in less developed and poorer
countries (Lampe 1994). In 30 years an estimated 8§70
Mt of unmilled rice will be needed each year, 70%
more than today (Lampe 1994).

Yet the additional rice production must come from
the same or a smaller area of land because of a reduc-
tion in the area of rice cultivated. Prime rice land is
being lost to industrialisation and urbanisation in the
faster-growing Asian countries. If environmental con-
cerns result in policies that remove marginal lands from
rice production and hasten the shift from intensive to
less-intensive cropping systems, the area under rice cul-
tivation will decline even faster (Hossain 1994).

Under these limiting conditions, there are two
ways to increase production which have to be fol-
lowed simultaneously to ensure that the increase in
Asian rice production keeps up with population
growth: increasing the yield by breeding, adoption,

and utilisation of new, genetically engineered rice
plants with higher yields and resistance to pests and
adverse environments; and reduction of production
and processing losses. In the Philippines postproduc-
tion losses can reach 10-39% (Fig. 1). In Vietnam
paddy losses are estimated to be 30% during the wet
season (Quick 1994). Assuming that the postharvest
sector in the Philippines has improved, and using the
lower value of 10% tor 1991, the total postproduction
losses would have been 0.97 Mt!,

This paper describes briefly the postharvest tech-
nologies developed at the International Rice Research
Institute (IRRI) and outlines the role that IRRI plays
in the development and improvement of the rice post-
harvest sector in the region.

The International Rice Research
Institute (IRRI)

The International Rice Research Institute was estab-
lished in 1960 in the Philippines by the Rockefeller
and Ford Foundations. Its mandate is to undertake

# International Rice Research Institute (IRRI), P.O. Box
933, 1099 Manila, Philippines.

I Total production of paddy in the Philippines in 1991 was
9.67 Mt (IRRI 1993).



basic research on the rice plant and applied research
on all phases of rice production, management, distri-
bution, and utilisation, with the objective of attaining
nutritive and economic benefits for the people of Asia
and other major rice-growing areas (IRRI 1989).
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Figure 1. Range of total losses in postproduction opera-
tions in the Philippines (after De Padua (978).

Today IRRI is one of 17 international agricultural
research centres supported by an informal association
of 41 public and private sector donors which form the
Consultative Group on International Agricultural
Research (CGIAR).

IRRDI’s goal

IRRI’s goal for its fourth decade, with IRRI a part-
ner in a growing community of strong national rice
research systems, is:

» To improve the well-being of present and future
generations of rice farmers and consumers, particu-
larly those with low incomes.

IRRI can, however, contribute to only a limited
extent to the achievement of this goal which it shares
with many other institutions and with national gov-
ernments (IRRI 1989).

IRRI’s objective

¢ To generate and disseminate rice-related knowl-
edge and technology of short- and long-term envi-
ronmental, social, and economic benefit and to help
enhance national rice research systems.

The achievements and the relevance of IRRI’s
work depend largely on partnership and information
exchange with national scientists, extension workers,
and policy-makers (IRRI 1989). In this context IRRI
generates knowledge and technologies to achieve the
objective, which then can contribute to the achieve-
ment of the goal.
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IRRDP’s Agricultural Engineering Division

Among the 17 international research centres IRRI
is the only one which has an Agricultural Engineering
Division. Within IRRI’s goal and strategies the Agri-
cultural Engineering Division contributes technolo-
gies and coordinates systems that will:

« raise profitability;

« enhanced productive efficiency;

« elevate human dignity and reduce drudgery;
« help with employment generation; and

* CONSErve resources.

The Division’s activities include mechanisation
and application of the principles of engineering to
areas of concern and relevance to a rice-dependent
agriculture (Quick 1994).

The Division is aware that even the simplest engi-
neering technology is often too expensive for most
resource-poor low-income farmers. Therefore, the
target groups also include contractors and bigger
farmers, who are often the innovators adopting new
technologies. At a later stage of dissemination the
new technologies then become available for poorer
farmers. Experience shows that technologies used by
farmer—contractors or other contractors can also be
beneficial for the poor farmers. In the case of the
axial flow thresher, benefits include reduced harvest-
ing costs, losses and weather risks.

Development of Postharvest
Technologies at IRRI

Since its inception, IRRI Engineering has developed
or adopted a number of technologies for farm and
contract-level postharvest operations. Technologies
for harvesting and threshing consist of the reaper, the
axial-flow thresher and, more recently, the two small-
scale stripper harvesting systemsz. A small ride-on
stripper-combine harvester is under development.
IRRI has also developed some dryer models. How-
ever, only the flat-bed dryer has been successfully
applied in regions with conditions favourable to
mechanical drying. IRRI engineers have also devel-
oped a rice-hull furnace to be used with the 2 t capac-
ity flat-bed dryer. The recent adaptation of a Korean
In-Bin Drying and Storage System (IBDS) to the con-
ditions of the humid tropics seems to have potential
for seed producers and cooperatives. For the process-
ing of paddy, IRRI engineers have developed a porta-
ble grain cleaner, a centrifugal huller and, for remote

2 Stripper rotor was developed by Silsoe Research Institute,
U.K., and patented by the British Technology Group. The
IRRI stripper development was funded by the British
Overseas Development Administration (ODA). Technol-
ogy transfer is supported by the German Government.



areas, two models of the rice micro mill with different
capacities and of a design based on Chinese Engel-
bert-type mills.

IRRI Engineering collaborates with social scien-
tists and other researchers in a multidisciplinary
approach to develop problem-solving technologies.

Harvesting and threshing

In Thailand, Malaysia, and some areas in the Philip-
pines (where some imported mechanical reapers are
already being used because of labour shortage during
harvest) there is a growing demand for labour-saving
harvesting technology. These are areas where industri-
alisation draws part of the rural labour force to the cit-
ies. Labour shortage during harvesting can increase
harvesting costs. Delayed threshing caused by non-
availability of machines or labour is one of the major
causes for quality losses in postharvest operations
(Mendoza et al. 1988; Paz and Cabacungan 1992).

Reaper

The mechanical reaper, which was developed at
IRRI in collaboration with the Chinese Academy of
Agricultural Mechanisation Sciences (CAAMS),
was not adopted by farmers in Asian countries, for
several reasons. It is unable to harvest under difficult
conditions, such as flooded fields and in lodged,
weedy, short, and thin crops (Douthwaite 1993). Fur-
thermore, the reaper is a relatively complicated
machine and quality of manufacture, repair, and
maintenance have proven to be a problem for
machines made by small- and medium-scale manu-
facturers.

The need for alternative economical and efficient
small-farm hakvesting systems that can operate even
in adverse conditions led to the development of the
small-area stripper harvester systems at IRRI.

Stripper harvesting systems

Stripper harvesting involves stripping or combing
the grain from the crop while the plants remain
anchored. Most of the straw is left unharvested in the
field. The principle of operation of the harvesting ele-
ment is shown in Figure 2. The rotor, fitted with key-
hole teeth, spins upwards as the machine moves for-
ward, combs the grain from the straw and throws it
into a collection container or a rethreshing unit. The
upward rotation of the rotor with respect to the crop
allows the rotor to pick up fallen crop (Douthwaite
1993).

In collaboration with Silsoe Research Institute,
IRRI has developed two stripper harvesting systems
for harvesting rice in groups of small fields to meet
the need for labour-saving harvesting technologies.
The simplest system, the stripper gatherer (SG) sys-
tem, consists of the SG800 harvester (Fig. 3), a
thresher/cleaner TC800, container modules, and a
trailer which enables the system to transport itself to
the field (Fig. 4).

The SGBOO harvester collects the harvested grain,
together with some straw, in a container. When the
container is full it is changed and the collected mate-
rial is rethreshed using the lightweight axial-flow
thresher/cleaner. Up to 1 ha/day can be harvested by
7-10 labourers.

Harvesting costs using the SG system in the Philip-
pines are lower than costs for comparable harvesting
systems (Table 1; Fig. 5). The payback period is
around 1 year. A manufacturer in Isabela, Philippines,
started commercial production of the SG system and
has sold 23 units.

IRRI’s counterparts have frequently asked for a
machine which produces grain cleaner than that har-
vested using the SG800 harvester. IRRI’s second
pedestrian-controlled stripper harvester, the stripper

o "
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~=gp———  Direction of travel of machine

Removable storage container

\— Stripping teeth \— Baffle

Figure 2. Operation of the Silsoe Stripper Rotor System (from Douthwaite 1993).
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Reverse drive
clutch lever

11-13 h.p. petrol engine
Forward drive
clutch lever

Handle

Hood

Counter weight
(for soft soil
conditions)

Nose

Removabte collection
container assembly

Stripping rotor Skid handle

Power tiller

transmission Pneumatic tyre

Crop divider

Figure 3. The SG800 stripper gatherer harvester (from Douthwaite 1993).

Figure 4. The SG800 system in transport mode (from Douthwaite 1993),

Table 1. Technical specifications of the IRRI stripper

thresher (ST600), includes a rethreshing and straw |
gatherer (SG) system for paddy harvesting.

separation rotor (Fig. 6). Final cleaning of the har-

vested grain is needed but can be carried out quickly
and easily on a small, lightweight cleaner (Douth-
waite 1993). The ST600 harvester can also harvest Capacity: 1 ha/day
wheat and mungbeans.

Labour requirement: 7-10 people

Cost of the harvest system including

Prototypes of the ST600 system have been shipped i hresher: US$3130
to IRRI counterparts in Thailand and Vietnam for  Stationary thresher:
verification. Weight:
In collaboration with counterparts in Thailand and
Vietnam, IRRI Engineering has started to develop a SG800 240 kg
‘small,‘rlde-on stripper combme witha 1.4m l}arvesl- TC800 150 kg
ing width as an alternative to more expensive and
complicated combine harvesters available. Grain loss: average 1.4%
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Harvesting costs (US$/)

Harvesting system

B8 Manual reaping + mechanical thresher
Japanese reaper + mechanical thresher
Stripper Gatherer system (1 ha/day)

Figure 5. Harvesting costs of different harvesting systems
in the Philippines (data from Douthwaite 1993).

Axial-flow thresher

The development of the axial-flow thresher and its
introduction in Asia since 1971 is one of the big suc-
cess stories of IRRI Enginecring. When it was intro-
duced, the thresher met the existing demand for
labour-saving threshing technology. At present, mod-
ified axial-flow threshers are being used throughout
Southeast Asia.

In Vietnam it was estimated that in 1988 there
were hundreds of axial-flow thresher manufacturers
in the Mekong Delta alone and that about 50 000

units had been built since the first threshers were
fabricated by the Vietnamese Agricultural Machine
Company (Phan H. Hien 1991). The technology has
been modified to suit local needs by Vietnamese
farmers and manufacturers. The Vietnamese
thresher is equipped with a closed threshing drum
with only 16 flat bar teeth made out of automotive
leaf springs instcad of the open drum with 128
cylindrical peg-teeth of the original IRRI design
(Fig. 7).

Researchers from the University of Agriculture
and Forestry (UAF), Ho Chi Minh City, have
shipped a Vietnamese thresher to IRRI. Work is
under way to analyse its performance under control-
led conditions and compare it with the original IRRI
design. It is claimed that the Vietnamese design,
which is easier to manufacture, has lower power
requirements and losses and that it performs better
in difficult crop conditions. If the claims can be ver-
ificd, then these features might also be of interest for
other regions.

Drying

Traditional sun drying methods rcquire good
weather. Used with new multiple cropping systems,
which allow 2-3 harvests per year, sun drying leads
to high losses in the rainy season, because of crop
spoilage caused by delays in drying.

Flat-bed dryer

IRRI engincers have developed a flat-bed dryer of
| t capacity, with either a kerosene burner or a rice-
hull furnace as heat source. The drying temperature is

13 h.p. engine Collection box

-~

Grain chute
o . -Cut-off batfle
. . . Rethreshing rotor
iy ) - Stripper rotor
- Stripper teeth

Nose

. N X v Crop divider - -
- 7. Handtractor - N // Stinger ~ Crop auger
sl R 2 L
transmission SV = L
S o —— N S —
COLLECTION THRESHING AND STRIPPING
CONVEYING

Figure 6. Longitudinal cross section of the ST harvester {(from Douthwaite 1993).
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Cover
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Oscillating screen

Grain discharge chute

Figure 7. IRRI axial flow thresher TH7 (IRRI) and Vietnamese closed threshing drum with flat bar teeth (Nguyen Q. Loc 1993).

43°C and drying time, depending on initial moisture
content, is 4-6 hours. However, flat-bed dryer distri-
bution is low because of high drying costs compared
with sun drying and, because of absence of, or failure
to enforce quality standards, a lack of incentive to
produce better quality grain. However, under suitable
conditions, flat-bed dryers are accepted and used
even in the dry season. For example in Phu Tam Vil-
lage, Vietnam, 47 modified flat-bed dryers are
installed (Phan H. Hien, pers. comm., 1994). Condi-
tions that support dryer use are: no market for wet
paddy; sun drying of large amounts is not possible
because of lack of pavements (transport is by boat);
and drying costs are low because scaled-up dryers of
capacity 10 t or more are being used.

Problems reported in using the flat-bed dryer are
mainly uneven air distribution and a high moisture
gradient in the grain bulk, which requires mixing at
least once per batch.

Low-temperature in-bin drying and storage system
(LT-IBDS)

Low-temperature in-store drying has been intro-
duced successfully at farm level in the moderate cli-
mate of Korea, and by 1990 a total of 70000 units
had been installed in Korean farms (Fig. 8). A collab-
orative research project between the International
Rice Research Institute (IRRI) in the Philippines and
Hohenheim University, Germany, was funded by
GTZ (Deutsche Gesellschaft fiir Technische Zusam-
menarbeit (GTZ) GmbH) to assess whether low-tem-
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perature drying can be applied under humid tropical
conditions.

The outcome of the project showed the feasibility
of low-temperature in-bin drying under IRRI condi-
tions even for wet grains (24% and higher moisture
contents) during the rainy season (Miihlbauer et al.
1992). Excellent milling qualities, high whiteness
(Fig. 9; Table 2) and a good gemination rate were
achieved using a wooden dryer of 5 t capacity and an
electric heater (Fig. 10). The principle was adapted to
locally available materials (plywood, concrete hol-
low-blocks) and components (kerosene burner) and is
now being tested outside IRRI.

Air vent
with wire mesh

Outer door - Drying fan
Multipanel
door
. Lateral duct
Main duct

Floor

Air vent

Figure 8. Korean in-bin drying and storage system (IBDS)
(from Hong-Sik Cheigh et al. 1986).
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Figure 9. Milling recovery, head rice recovery, and whitencss of shade,-sun,-and LT-IBDS-dricd paddy: average of four
experiments, rainy season, Los Baiios 1992.

Table 2.  Technical specifications, LT-IBDS.

Drying bin capacity: Flexible, depends on users needs 5-20t
Temperature rise of drying air: During good weather, dry scason none

At night, during rain 69K
Drying time: Depending on initial moisture content, bulk depth, and 4108 days

dryer management

Drying air supply: Centrifugal blower driven by electric motor or
stationary combustion engine

Heater: Rice hull furnace, kerosene burner or utilisation of
waste heat of stationary gasoline/diesel engine

Specific energy requirement: Depending on dryer sct-up and operating conditions 0.05-1 kWh/kgH, 0

Installation costs: =UJS$1500

Figure 10. Test rig for IRRI low-temperature in-bin drying system: a, air ducts; b,air sweep floor; ¢, perforated sheet steel; d.
expansion chamber; e, centrifugal fan; f, electric heater; g, air filter; h, rectangular bin.
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The drying system has potential for seed producers
and cooperatives, who have an incentive to produce
high-quality grain. Currently efforts are under way to
test low-temperature in-store drying on a pilot basis
in selected countries of Southeast Asia and adapt it to
local conditions as described later.

Micro rice mill

A Chinese Engelberg type mill was modified in
order to allow local manufacturing without the need
of casting the rotor. Two models with different capac-
ities, the RMS0 and the RMI150, are available (Fig.
11; Table 3).

The mills are designed for milling paddy for home
consumption and for custom milling in remote vil-
lages. Studies on adoption of the mill in some remote
Philippine villages showed that it is generally
accepted by women because it reduces the drudgery
of hand milling, creates income, and improves their
status in the family and community (Lampe 1994).

Significance of development through collaboration
with target groups

Inclusion from the very beginning of the develop-
ment process, of target groups such as local manufac-
turers and potential users (farmers or contractors) of
the machinery is essential to verify:

» technical feasibility in terms of adaptation to
locally available materials, functionality, and dura-
bility;

« profitability; and

« social acceptability of the technology in the tar-
geted environment, to avoid, early in the develop-
ment process, the creation of ‘white elephants’.
After initial testing at the IRRI farm, the prototypes

are brought to farmers’ fields for testing. When the
machines reach their final design, some prototypes
are lent to farmers or contractors to test the perform-
ance and economics of the devices under actual con-
ditions.

Table 3.

Local manufacturers in Los Baiios, Philippines are
subcontracted to produce prototypes first for IRRI,
then for shipment to IRRI’s counterparts. This
approach results in the identification of manufactur-
ing problems and modifications needed.

Fan

Milled rice

Coarse bran Brewer's grains

Figure 11. Schematic diagram of a typical micro-mill
(IRRI).

Technology Dissemination Strategies

Being part of an international research institute with

the mandate to generate knowledge and technologies,

IRRI Engineering does not itself implement national

extension programs. The following instruments are

used to disseminate IRRI engineering technologies:

« collaboration with National Agricultural Research
Systems (NARS) and other programs on technol-
ogy verification and adaptation to local conditions;

Machine specifications of two sizes of micro rice mill (IRRI).

Machine spec. RMS50

RMI50

Power requirement 1 hp electric motor or

3.5 hp gasoline engine
Capacity < 100 kg paddy/hour
Labour requirement 1 person
Energy consumption 1 kWh or 0.5 L/hour gasoline

Recoveries

3 hp electric motor or
7 hp gasoline engine

< 200 kg paddy/hour
1 person

3 kWh or | L/hour gasoline

70% milling recovery = f(initial paddy quality)

70% head rice recovery = f(initial quality, moisture content, and variety)

Costs without engine US$ 220-340

US$ 280-540




« provision of information packages and blueprints
free of charge to interested parties, such as the pri-
vate sector (manufacturers) and NARS;

» provision of prototypes for national and interna-
tional agencies (these can be used either as market
test prototypes for developmental work or in dem-
onstrations to potential users and extension serv-
ices); and

« pilot testing of prototypes in farmers’ fields as
mentioned earlier can initiate local dissemination.
Field tests often draw a large number of spectators
and, if the technology seems mature and promises
to be profitable for farmers and users (farmers or
farmer—contractors), can sometimes result in the
placement of orders for machines.

Technology Evaluation Network
(IRRI-GTZ Project)

There is a need for a systematic approach to verifica-
tion of promising technologies which have been
developed at IRRI, other research institutes, or by

BMZ

Federal Ministry for Economic
Cooperation and Development,
Germany

Donor

GTZ-Headqguarters

Deutsche Gesellschatft fur
Technische Zusammenarbeit
(GTZ) mbH, Germany

Overall coordination and
administration

manufacturers and farmers. An engineering technol-

ogy evaluation network was therefore established in

1993 at IRRI in collaboration with Hohenheim Uni-

versity and with support from the German Govern-

ment (GTZ Project No. 92.2209.2-01.100 ‘Posthar-

vest technology for rice in the humid tropics’). The

network has the following objectives:

< to pilot-test selected postharvest technologies for
irrigated rice under various technical and socioeco-
nomic conditions of Southeast Asia;

= to adapt the technologies to local conditions;

* to initiate technology dissemination; and

« to strengthen technology transfer links between
participating institutes.

In a participatory project planning workshop, rep-
resentatives from NARS in Indonesia, Thailand, the
Philippines, and Vietnam (Fig. 12) have selected the
IRRI small-area stripper harvesting systems, the IRRI
LT-IBDS, and an axial-flow thresher from Vietnam
for evaluation and adaptation.

Project proposals for a two-year period were sub-
mitted by the NARS. Funding and implementation of

ATIAMI project

IRR-GTZ

Hohenheim University

Indonesian — German Project
‘Assistance to the Agricultural
Machinery Industry West Sumatra’

[~ Agricuttural Engineering Division [

Internation Rice Research
Institute (IRRI), Philippines

Institute for Agricultural
Engineering in the Tropics and
Subtropics, Hohenheim, Germany

Technical support and cooperation

Project coordination

Technical backstopping

IPB

Department of Agricultural
Engineering, Institut Pertanian

Bogor

Nationai Postharvest Institute for
Research and Extension
Muftoz, Nueva Ecija

Stripper harvesting

LT-I18DS system

in Indonesia I
1 1 | 1
Indonesia Philippines Thailand Vietnam
CDAE Philrice DA UAF
Center for Development of Philippine Rice Research Institute] | Agricultural Engineering Division,| |Agricultural Engineering Division,
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the projects commenced in March 1994. Prototypes
of the SG and the ST systems have been shipped to
the Philippines, Indonesia, Thailand, and Vietnam.
LT-IBDS have been constructed and tested, or are
under construction, in Indonesia, the Philippines, and
Vietnam. The evaluation of the first season testing,
and identification of modifications needed, are cur-
rently being undertaken.

Conclusions

Since its establishment IRRI has played a key role
as a catalyst in the development of the farm and
contract-level operations of the rice postharvest
sector by developing technologies, providing
knowledge, and workable prototypes for NARS and
the private sector manufacturers. Several technolo-
gies originating at IRRI are now being used all over
the region.

A technology evaluation network established to
verify technologies in collaboration with national
counterparts is a systematic approach to evaluating
promising technologies under a broad spectrum of
technical and socioeconomic conditions. Because
there are many institutions working with the same
technologies at the same time there are also synergies
expected which will further support the development
of a technology.

Collaboration with other programs of institutions
who work on the same or similar topics, such as in-
store drying, could benefit all involved.
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Current Research on the Postharvest Handling of
Fruits and Vegetables

M. Herregods*

Abstract

The Commission on Postharvest Handling of the International Society for Horticultural Science (ISHS)
seeks to disseminate the most important research findings and technological innovations presented during
the many symposia presented in this field around the worid.

Promising new postharvest studies in the fields of non-destructive measurement of quality, consumer
quality preferences, the biochemical basis of ethylene production, fermentation and aroma ester biosynthe-
sis, and disease resistance are reported, as is information about gene-manipulated varieties with an extended

shelf life.

Cultivation and climate have specific effects. Delays in harvesting date must be avoided. Yeasts, bacteria,
and fungistatic plant extracts are being investigated. Heat treatments are promising.

To attain a long storage time while preserving quality, more sophisticated refrigeration techniques with
a higher relative humidity, controlled-atmosphere storage, ethylene absorption, and nitrogen flushing can
be used. Also, new MAP-films with micropores or absorbent layers for ethylene and water vapour are avail-

able.

Management with intelligent dynamic control systems will be useful during refrigerated storage. For pre-
cooling using forced air-cooling, an ice bank is recommended as a cold source. Temperature management

during and after packing requires greater attention.

To reduce bruising during transport, less advanced fruit maturity (firmness), a minimum vibration level
(< 0.75g) and a convenient packaging (norms for compression pressure) are important.

IT is difficult to keep abreast of the promising new
physiological and technological topics in the large
number of symposia (20 in 4 years) organised by
ISHS, IIR, ACIAR, EC Cost 94, MAICH, EC
Eurofru, and other regional organisations.

Another |1 symposia have been scheduled for the
next 3 years. The International Society for Horticul-
tural Science (ISHS) Commission on Postharvest
Handling is setting up a secretariat to collect news on
events and activities in each country and disseminate
this information to member countries. The structure
of ISHS is shown in Figure 1.

Also FAQ, NATO, and the European Community
wish to collaborate more in scientific activities focus-
ing on postharvest handling of horticultural products.

* Commission on Postharvest Handling of Horticultural
Produce, International Society for Horticultural Science,
Petrusberg 20, 3001 Heverlee, Belgium.
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ISHS will try to provide a summary of the most
important results of each symposium, and publish
every 4 years a review and future outlook on the state
of postharvest knowledge.

Some special publications can also be mentioned:

« standardised methods to determine quality of
apples (EC-Eurofru)

» European colour and starch chart (EC-Eurofru)

» Small-scale and inexpensive postharvest handling
practices of horticultural products (FAO).

An outline of promising areas of biological and
technological research follows.

Marketing for Profit — Satisfying
Consumer Preferences

Size, skin quality, freshness, colour, presence of
bruises, and decay and disorders have an important
influence on price. Also, preferences differ from
person to person, and from area to area. Research
on consumer preferences in export markets is
essential.
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Figure 1. Structure of the International Society for Horticultural Science (ISHS).

Quality must yield profit, with returns greater than
production costs. For that reason quality norms are
essential. There is also a need for quick, objective,
and non-destructive tests. With resonance absorption,
firmness can be measured; with fluorescence, chilling
injury; localised ethylene production around the
product with photo-thermal deflection; bruising
directly after impact with relative reflectance; sugar
content with light transmission; and internal disorders
with NMR.

Fundamental Research Topics

The development of new, gene-manipulated varieties is
an important area of fundamental research at present.
Characters being targeted include: inhibition of polyga-
lacturonase activity and reduced ethylene production
and maturity, the latter coupled with the capacity for
restarting maturation by using exogenous ethylene.

There is room for improvement in manipulation of
the interactions of maturity, temperature, and internal
CO,/0,, and ethylene at levels just above the anaero-
bic compensation point (fermentation).

Precision treatments involving heat, very low O, or
very high CO,, at rates just above the levels which
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cause irreversible damage, have yielded promising
results.

The biochemical pathways of ethylene production,
ethanolic fermentation, and aroma ester biosynthesis
are now understood.

More information on the morphological and chem-
ical bases of disease resistance could help devise
methods of reducing decay.

The optimum relative humidity for storage differs
from commodity to commodity. For tomatoes,
cucumbers, and sweet peppers high relative humidi-
ties and condensation must be avoided; for carrots
and cabbages, on the other hand, very high relative
humidities (96-98%) are needed to limit decay.

Cultivation and Climate Effects

There is much interest in reducing the variability in
maturity and quality of the fruits on individual trees.
Studies of methods of avoiding root stress (heat,
drought), with its negative effects on quality, product
structure, maturity, and shelf life, are also receiving
attention. The stimulation of fruit colour (red or yel-
low colouring) separately from maturity is another
new area of scientific interest.



Harvesting Date

Too late or too early harvesting has to be avoided,
also the variable quality and maturity of all the fruits
on the same tree reduced to avoid picking on too
many dates.

Control of Postharvest Decay

The best defence methods are preharvest chemical
treatments. Postharvest chemical treatments by dip-
ping or drenching, or thermo-nebulisation, have
given good results in some circumstances, but their
effectiveness is influenced by cropping environment.

Cleaning, and chemical and physical treatment of
the air of cool rooms or packing rooms, lowers the
incidence of fungal spores. Fruit varieties differ in
their resistance to fungi as regulated by antifungal
compounds (phytoalexins, antifungal gum fractions
after wounding, pathogenic related proteins) and
morphology (calcium content, dry matter, wax layer
of the skin).

Fungistatic resistance can be stimulated by U.V.
irradiation (16-72 kl/m?).

Thymus oil, cinnamaldehyde, carvone, perrollalde-
hyde, salicylaldehyde, chitosan, or a mixture of
unknown plant extracts or wound healing agents such
as potassium phosphonate, are being evaluated. The
products are not always successful, due to the lack of
uniformity in the concentration of active ingredients,
and the short period of effectiveness.

Yeasts (by alkalinising of the environment and
competition for the substrate) and bacteria (by pro-
duction of lipopeptides) are phytotoxic for some
moulds. The production of effective yeasts and bacte-
ria as commercial products has up to now been diffi-
cult and expensive.

For some commodities, heat treatment at 55°C for
2-7 minutes or 42°C for 30-60 minutes, accelerates
ripening and reduces disease. Temperature—time
regimes are commodity specific and there is a narrow
margin between safe, effective application and fruit
damage. The combination of irradiation at 75 kGy
and heat treatment has some applications. The effect
of lowering temperature, and optimum relative
humidity, and increasing CO, concentration is to
reduce decay.

Optimum Storage Conditions

Good storage refrigeration techniques are essential.
The outlays required for suitable refrigeration can
result in substantially higher profits through reduc-
tions in weight loss and fruit disorders and decay dur-
ing storage. Using the most appropriate temperature
of refrigeration, the regulation of the defrosting cycle,
a discontinuous but sufficiently high air circulation,
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improved insulation, a thermostat range that is not
too narrow, and a sufficiently open stacking pattern
for produce are important factors which will improve
the effectiveness and reliability of refrigerated stor-
age (Fig. 2).

Forced-air cooling

Double wall with openings

A1~ ) For more closed packaging
- 7000-8000 BEF/m3
LA ———————| 20-30% less stacking
fm e ——=— | capacity
Double wall with canvas covering
-

For more closed packaging
7000-8000 BEF/m3
20-30% less stacking capacity

Figure 2. Principal features of forced-air cooling for horti-
cultural produce.

For long storage periods, to preserve external appear-
ance and intrinsic quality of the fruit, more sophisticated
storage techniques such as controlled-atmosphere (CA)
storage and ethylene absorption are necessary.

Nitrogen flushing without the use of scrubbers, and
reducing ethylene, farnesene, and volatile compo-
nents, have good prospects.

Intelligent dynamic control systems during storage
using physical-mathematical models reduce risks of
disorders and energy consumption.

New packaging films with micropores improve stor-
age life, enhancing water permeability and avoiding
condensation. There are also new plastic films with a
fungistatic layer (sorbic acid), and impregnated with
ethylene oxidants (silicon oxide) or water absorbers.



Wet, Forced-air Cooling before
Transport

The current desire to market a product of higher con-
sumer quality, to extend the shelf lifc in trade, and to
reach more distant markets requires rapid cooling after
harvest, especially for strawberries and small fruits.

As well as conventional cold rooms, precooling
systems are available, including vacuum cooling,
hydrovacuum cooling, hydrocooling, top-icing, pack-
age liquid-icing, and forced-air cooling. Forced-air-
cooling with ice-banks as cold sources are frequently
used, with many benefits.

Temperature management during and after packing
is an area which needs more attention. Temperatures
should be reduced before shipment. In a refrigerated
trailer the cooling capacity is sufficient only to keep
the product cool, not to reduce the temperature.

Reducing Bruising during Transport

Bruising during transport is affected by fruit maturity,
vibration level, and packaging.

During transport in trailers, bruising occurs mostly
in the middle of the upper box of a stack and in the
rear part of the trailer, where vibrations at 3-4 Hz are
more than 0.75g.

For packaging to remain stable during 800 km
transportation over 2 days at 2°C and 90-97% rela-
tive humidity, the minimum compression pressure
(kg) of the cardboard box must be:

height of pallet (cm)x 1.5 gross weight (box)x2
height of the box (cm)

Water absorption of the carton must be lower than
150 g/m%30 minutes.

Summary

Proper preservation methods are needed to reduce the
very high percentage of postharvest losses of fruit
and vegetables, to deliver the quality required by par-
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ticular markets, to store the products for a longer
period, to reach higher-priced markets further afield,
and to achieve a sufficiently low temperature during
transport, marketing, and selling.

Improved, cheaper, and environmentally friendly
storage techniques are now available, as well as pre-
harvest procedures that enhance subsequent storage
characteristics.

The following are among the new approaches for
reducing losses caused by physiological disorders,
diseases, and weight reduction, and for improving
postharvest quality and shelf life.

» new genetically manipulated long-life varieties

« better understanding of the biology of maturity,
chilling, fermentation, and pathogenic resistance

» new data on the influence of climate, soil, fertilisa-
tion, drought, and heat stress

» new criteria for determining optimal harvesting
time

» more efficient refrigerating techniques

 better management of controlled atmospheres dur-
ing storage and transport

» humid forced-air precooling techniques

« optimal combination of the storage parameters

maturity, temperature, relative humidity, CO,, O,

and ethylene, tailored to the desired storage time

and the postharvest quality required

» CA storage for berries and tropical fruits

+ maximum impacts on the reduction of bruising,
storage disorders and decay

« new films for modified atmosphere packaging

» new techniques to optimise conditions during
transport and marketing

» non-destructive methods of determining quality
and maturity.

ISHS

More information about individual membership of
the International Society for Horticultural Science
(ISHS) can be obtained from the ISHS Secretariat,
Kardinaal Mercierlaan 92, 3001 Leuven, Belgium:
phone: 32 16 229427; fax: 32 16 229450.
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Cereal Grain Drying Problems in Vietnam

Nguyen Trong Hien*

Abstract

Paddy production in Vietnam has increased steadily over the past 10 years, and further increases are
planned, centred primarily on the deltas of the Red River and the Mekong River. Lack of appropriate me-
chanical drying facilities is a severe impediment to maximisation of the benefits of increased production.
The warm, humid climate and delays in drying of wet grain lead to problems with insects, moulds and my-
cotoxins, and heat damage, which are responsible for most of the problems encountered in storing, process-
ing, and distributing grain.

Many drying systems are in use in Vietnam, relying variously on sun drying and mechanical drying. Sev-
eral types of mechanical dryers have been introduced but often their running costs are high and they are not
suited to small-scale farmers. Warehouse drying facilities, where they exist, cannot cope with a continuous
supply of ‘dripping wet’ paddy during wet season harvesting.

The primary objective of grain drying research, development, and application in Vietnam is therefore to
make the technology more practicable for rural areas. Low cost and simplicity of operation are key objec-
tives. Also, research is continuing on the use, at farm level, of the more abundant and inexpensive fuels such

as rice husks and coal.

THE deltas of the Red River and the Mekong River
are the two most important rice-producing areas of
the Socialist Republic of Vietnam, a predominantly
agrarian Southeast Asian nation. In those areas, meas-
ures to intensify farming and increase paddy produc-
tion are being pursued.

Annual production of food grains in Vietnam is
steadily increasing (Table 1).

There are three paddy harvests in the country. The
main harvest in the south is in December—January,
yielding about 54% of the total production. The
April-May harvest yields 34%, and the July—August
harvest 12% of total production.

About 6 million ha of land are being cropped in
Vietnam, where all paddy is grown in wet fields.
Nearly 0.5 million ha are used in producing the addi-
tional summer—autumn crop of about 2.5 Mt .

* Post-Harvest Technology Institute, 4 Ngo-Quyen Street,
Hoan Kien District, Hanoi, Vietham.
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The warm, humid tropical weather with sudden
showers or prolonged rain severely disrupts posthar-
vest activities. The summer-autumn and the early
tenth month crop in the south often given high yields,
but their harvest occurs in the rainy season. In the
north, on average one of every 2-3 crops is harvested
on rainy days.

The warm, humid climate and delayed drying of
wet grain lead to problems with insects, moulds and
mycotoxins, and heat damage, which are responsible
for most of the problems encountered in storing,
processing, and distributing grain.

For safe storage and to prevent quantitative and
qualitative losses the first priority is to reduce the
excess moisture content of grain. Drying is the major
postharvest operation for all crops and Vietnam
makes use of various drying systems.

This paper describes general aspects of paddy dry-
ing in Vietnam, including current research work in
this important area.

Methods of Paddy Drying

Many drying systems are in use in Vietnam, relying
variously on sun drying and mechanical drying.



Table 1.

Production of food grains in Vietnam, 1990-1994 (Mt)

Root crops and other cereals

Year Rice Maize (in paddy equivalent) Total
1990 19.225 0.671 0.841 20.737
1991 19.622 0.672 0918 21.212
1992 21.600 0.747 1.032 23.379
1993 22.277 0.830 0.875 24082
1994 22.300 0.984 0.456 24.240
Sun drying ties of drying in the wet season (summer-autumn

Natural sun drying in the open air is the most com-
mon system used in Vietnam. It is the traditional dry-
ing practice of Vietnamese farmers.

After harvesting, paddy is sun dried within 2 or 3
sunny days. In normal practice, paddy is spread out
on a concrete floor for sun drymg About 0.5-1 t of
paddy covers an area of 100 m2. On sunny days the
temperature of the grain in a layer 15 cm deep
reaches 35-40°C.

The grain is manually tumed to obtain uniform
drying. Figure | shows the directions of movement of
heat and vapour during sun drying.

Vietnamese farmers rely on their own experience
to check the moisture content of food grains during
sun drying. The grain is taken in when its moisture
content is 13-14% wet basis or lower, which is
deemed to be safe for storage.

Windrowing and sun drying are highly dependent
on field conditions and weather. Natural drying is dif-
ficult or impossible during the rainy season, when
grain thus becomes particularly prone to infestation
by insects and moulds, leading to losses during stor-
age.

Under the present marketing system in Vietnam,
based on the food control law, because of the difficul-

Sun's rays

crop), farmers now sell their surplus paddy or early
crop immediately after harvest (summer—autumn
crop).

The most difficult problem faced has been the great
quantity of rice procured by the state that is heavily
damaged by moisture and contains impurities beyond
the fixed quotas. Rice harvested at this time generally
has a high moisture content: it may exceed 25-26%,
and be ‘dripping wet’.

The moisture content of food grains delivered to
government warehouses is generally about 17-18%.
Spoilage of grain is unavoidable if the warehouse
does not have a dryer. State warehouses have there-
fore become the main target for improvements in
postharvest technology, particularly drying facilities.

Mechanical drying

Several types of mechanical dryers have been
introduced for drying food grains in Vietnam:
« flat-bed forced air dryer;
« upright screen type forced air dryer;
« grain circulating dryer (with baffle or inverted
troughs, multiple air duct type);
« continuous-flow grain dryer with tempering stage;
« crop drying in bag stacks.
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Figure 2.
screen; 5. inverted trough; 6. multiple duct.

The modes of operation of the various types of
mechanical dryers used in Vietnam are show in Fig-
ure 2.

Several of the dryer types used have been
imported from the developed countries, some were
locally made. Despite these advances of technol-
ogy, adoption of, and investment in mechanical
drying in Vietnam remain very low, for the follow-
ing reasons.

» Running costs are high. The liquid fuel (kerosene)
used as the energy source for heating is expensive
and must be imported. Also high is the initial cost
of imported dryers.

» The drying facilities are generally not suited to the
small-scale farmers that produce the bulk of the
crop.

» Warchouse drying facilities cannot cope with a
continuous supply of ‘dripping wet’ paddy,
because of the long drying time required, the low
yield of the facility, and the shortened life of the
_dryer.

Artificial drying will be widely used if the pattern
of drying facilities in Vietnam suits social and eco-
nomic conditions and there is a surplus of rice for
export.

To obtain maximum returns, it is therefore essential
to determine whether particular drying systems will
be appropriate, based on costs, scale of operations,
and type of fuel used.

Paddy and Maize Drying Research
and Development in Vietnam

Grain drying is a problem common to those countries
which harvest grain during a rainy season. Many
types of mechanical dryers have been developed, but
none has gained wide acceptance, and none is the
best for all conditions. This is the main problem: to
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Modes of operation of various types of mechanical dryers: 1. flat-bed forced air; 2. shutter; 3. baffle; 4. upright

decide on the correct type and scale of dryer. Theoret-
ically, a large-scale dryer should be the most econom-
ical, but large dryers do not always meet local
requirements. Appendix 1 gives details of a selection
of grain dryers in use in Vietnam.

The decision on the method of drying also depends
on the climate during the harvesting season, the
labour situation, the way the rice is cultivated, the
kind of fuel available, and how the grain is handled,
transported, and stored.

Grain drying research and development in Vietnam
should aim to:

« modify existing drying facilities to use local mate-
rials for fuel, furnace construction, etc.; and

« design, develop, and fabricate mechanical dryers or
manual systems appropriate to farm-level opera-
tions.

The greatest problem is how to reduce the cost of
drying.

Firstly, alternative sources of energy to dry paddy,
maize, and other food grains need to be investigated.
At present, apart from oil there are two abundant
sources of energy in Vietnam: rice husks and coal.

Rice husks, a by-product of milling, comprise
about 20% of paddy by weight and have a calorific
value of about 12500 kJ/kg, equivalent to around
one-third that of kerosene. Rice husks are plentiful in
production areas.

In northern Vietnam coal is cheap and readily
available. Its energy value is in the range 15500-
25000 kJ/kg, depending on quality.

Secondly, the selection of drying methods and
equipment must be based on low cost, ease of manu-
facture by rural families or local workshops, and sim-
plicity of operation and maintenance.

We have divided drying operations into three levels
with varying scales in capacity, level of procurement,
and handling.
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1. Small scale

The experience of many developing countries in
Southeast Asia is that modern mechanised auto-
mated drying systems are not always the ideal solu-
tion.

In the socioeconomic circumstances of Vietnam we
know that paddy harvested in the rainy season ideally
should be dried at or near the point of harvest.
Researchers need to design and supply simple dryers,
based on established drying principles, that can be
locally made and adopted by farmers and, where nec-
essary, modified or improved to suit local circum-
stances.

Several manual drying facilities have been oper-
ated in the field with promising results. These manual
dryers, built around the common family cooking
stove as the heat source, may be popular among farm-
ers by reason of their simplicity; low cost; and readily
available construction materials. The dryers shown in
Figure 3 can be made by farmers from bamboo, other
types of wood, and other common materials.

The drying rate and quality of paddy are higher
than can be achieved by natural sun drying. Moreo-
ver, losses can be prevented because the dryer is
available on site during rainy periods. It is espe-
cially useful in the highlands, in wet fields, and in
regions with no electricity and with transport diffi-
culties. These advantages apply in spite of the une-
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Manual grain dryers with a cooking stove as the heat source.

ven drying between the interior and exterior layer of
paddy.

Other dryer types are operated as cooperative facil-
ities by groups of farmers (see Appendixes 1 and 2).

In June-July 1993 a competition on drying facili-
ties was organised at Can Tho city (Mekong delta) to
evaluate the advantages and disadvantages of these
facilities. Entries came from provincial engineering,
senior college, and food departments. Some were of
good construction, easy to transport, and assemble
and disassemble. Some used local materials and
indigenous fuel such as wood, bamboo, rice hulls,
and mud coal: some were easy to install but had
unsatisfactory drying costs.

In spite of these, the demonstration of rice drying
was an opportunity to demonstrate various facilities
and evaluate their advantages and disadvantages. It
provided information of interest to those seeking to
design new methods and equipment appropriate to
farm-level drying.

2. Medium capacity

Some medium-scale dryers are shown in Appendix
2. Our interest centres on dryers which use burning
rice husks as the heat source for drying.

Research on gasification of rice husks has been car-
ried out in many parts of the world, and several
designs of rice husk gas furnaces have been devel-
oped for drying grain. We have developed a furnace



much like the HBSO Yamamoto, but almost totally
locally made.

The units were installed and operated in 1990 at
Cao-lanh district and Dong Thap province for paddy
drying, and in 1991 at Buon Ma Thuat, a highland
site, for maize drying, with the crop dried using the
stack of sacks system. The drying cost is low. The
fuel, rice hulls, is abundant at rice mills, and the gasi-
fication of husks yielded good energy efficiency. The
investment in the drying facility was low. In 1995 we
intend to use it as the heat source for grain drying in
conjunction with the thermo-isolation recirculating
dryer in central Vietnam.

3. High capacity

There are few large-scale dryers in Vietnam,
almost all of them imported. Producers and proces-
sors seeking low drying costs and a good quality
product are the main users.

In Vietnam, large-scale dryers run only for short
periods during the wet season. The main reason for
the low level of adoption of large-scale grain dryers is
their high cost which, at a time when commodity
prices are rising, places them beyond the reach of
those who most need them.

Conclusions

The primary objective of grain drying research,
development, and application in Vietnam is to make
the technology more practicable for rural areas; low
cost and simplicity of operation are the key objec-
tives.
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Finally, continued research on the use of the more
abundant and inexpensive fuels such as rice husks
and coal at farm level should be vigorously pursued
to increase the technical and economic advantages of
grain drying technology.
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Appendix 1. Specifications and characteristics of selected grain dryers in Vietnam.

Facilities Structure type Model Material Type of Fuel Consumption Capacity Remarks
Dryer/brand/site heater (features)
A. Low capacity
Manual drying facilities
Sun drying Natural drying Concrete floor Sun’srays 3 sunny days  0.5-1¢/100m? Easy to operate.
‘ No electricity
required.
STC 1.200 PHTI Upright screen Manual facilities  Screen or bamboo Family Mud coal 0.08 kg/hour 200 kg/batch Portable,
type with (without stove experimental
STC 2.200 PHTI perforated pipes  electricity) design
Mechanical dryers
Batch in bin 1000 PHTI Bolted bin with IRRI design Wood Furnace Mud coal 3.2 kg/batch 1000 kg/batch Compact and
shutter portable.
Experiment data.
Batch in bin 1500 PHTI Bolted bin with IRRI design Wood Furnace Mud coal 4.5 kg/hour 1500 kg/batch Experiment on
shutter shelled maize
Furnace Rice husks 12 kg/hour 1500 kg/batch Low power
requirement
An Giang Mechanic Workshop Upright screen Circulating dryer Metal Burner Kerosene 3.4 L/hour 1500 kg/batch Portable
Can Tho University Flat bed Flat bed perforated Wood brick Furnace Rice husks 26 kg/hour 3500 kg/batch Fixed
Haugiang Mechanic Workshop Perforated pipe Silo dryer Metal Furnace Rice husks 17 kg/hour 1600 kg/batch Fixed
Long An Food Grain Dept. Upright screen Circulating dryer Metal Furnace Charcoal or 3 kg/hour 900 kg/batch Portable
wood
Phu Lam Cooperative Flat bed Flat bed perforated Brick Fumace Rice husks 17 kg/hour 2500 kg/batch Fixed
Long An 1-5 Workshop Baffie type Column dryer Metal Furnace Mud coal 3.2 kg/hour 1500 kg/batch Portable
Long An -5 Workshop Crop drying in Stacks of sacks Metal Furnace Wood 9 kg/hour 1200 kg/batch Portable
stack
Song Hau Farm Upright screen Circulating dryer Metal Furnace Rice husks 10 kg/hour 2000 kg/batch Portable




8¢

Appendix 1. Specifications and characteristics of selected grain dryers in Vietnam.

Facilities Structure type Model Material Type of Fuel Consumption Capacity Remarks
Dryer/brand/site heater (features)
B. Medium capacity
MST 25 VLT 1 PHTI Crop drying in Stacks of sacks Pallette Gasification Rice husks 50 kg/hour 25-35 t/batch Efficiency of husk
stacks of sacks furnace 98 with
dust collection
MST 25 VLT 2 PHTI Flat bed with Flat-bed forced Steel perforated  Husk Rice husks 50 kg/hour 25 t/batch Pattern. Low cost
perforated pipe air furnace drying
Satake MDR (Jap) 7500 M.Hai  Baffle with Circulating dryer ~ Steel Burner Kerosene 6-13 L/hour  1.2-1.5 t/hour Fixed
Province tempering bin
Satake MDR (Jap) 30 C.Long  Baffle with Circulating dryer  Steel Bumer Kerosene 5 L/hour 300 kg/hour Fixed
Province tempering bin
Aeroglide (USA) HCM City Inverted trough LSU circulating  Steel Burner Kerosene 9.5-10 L/hour 2.5 t/hour LSU design
type
MST 2.5 (local) Mekong Delta Inverted trough LSU circulating  Steel Husk Rice husks 100 kg/hour 2.5 t/hour LSU design
type furnace
Extraction moisture unit Flat-bed forced Flat -plate Steel Burner Gasoil 28 L/hour 20 t/batch Two beds
(Lister. England) air perforated
C. High capacity
Cimbria (Denmark) Chai Multiple air ducts  Circulating Steel Husk Rice husks 150 kg/hour 10 thour Fixed — air heated
Thanh District furnace by boiling water
(boiled
water)
Cimbria (Denmark) Tra Noc Multiple air ducts  Circulating LD7  Steel Husk Rice husks 250 kg/hour 20 thour Fixed — air heated
District furnace by steam
(vapour)
(French) Tra Noc District Baffle Circulating Steel Burner Kerosene 150 kg/hour 20 t/hour
(French) Can Lanh District Baffle Continuous flow  Steel Bumer Kerosene 240 L/hour 45 t/hour Three units
SHL-10 (PHTT) Quy Nhon Inverted trough Recirculating Thermo-isolation ~ Gas husk Rice husks 120 kg/hour 10 thour Will install in the
City type dryer furnace centre of Vietnam




Appendix 2. Diagrams of various small- and medium-scale drying systems.
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Figure Al. Small-capacity (1000 kg/batch), batch in-bin type dryer (timber, bolted, with shutters).

Grain

Shutters

Perforated
sheet

1400

[~—— 1000 —|

200

Heat
chamber

8 |-—300 —| 420~

1700 1300 ,

Figure A2. Batch in-bin dryer of 1500 kg/batch capacity.

39



, Outer layer
Te—

iddle layer
1
o
|
Inner layer
|

S~
e
|

16

x
l
15

14

DRYING RATE
NN\
W
N\ \\
‘\\

13
Drying time (hours)

12

11

(SISG JoMm ‘9) JUBJUOD BINISIOW

il
|

Location of temperature

measurements

12 1

P00 |

for drying, is 35 t/batch.

| 1100
1

m 004t _ L5t

Figure A3. Drying grain in bag stacks. The capacity of the system shown, which uses burning rice husks as the heat source



M — ]

10

Figure A4. Schematic drawing of rice-husk furnace: 1. husk hopper; 2. husk valve; 3. main body; 4. gas combustion area; 5.
inspection port; 6. discharge control device; 7. ash blower; 8. ash pipe; 9. discharger; 10. husk valve; 11. centrif-
ugal fan.

Figure AS. Flat-bed forced air drying with perforated piping system, capacity 25 t/batch.
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In-store Drying and Quality Maintenance in Grain

G.S. Srzednicki and R.H. Driscoll*

Abstract

Drying is one of the conventional postharvest operations to preserve the quality of foods during storage.
This paper describes the fundamentals of the drying mechanism in grain as a function of ambient process
conditions, particularly those encountered in humid tropical climates. Grain quality as perceived by the in-
dustry is discussed. Two-stage drying meets industry objectives on quality maintenance by preventing dis-
coloration of high moisture grain and reducing cracking of skin dry kemels. The mechanism of in-store
drying and its effects on quality are discussed in detail. Other important considerations for adoption of in-
store drying include interactions with storage and milling, and energy requirements. These are considered

in the conclusions of the paper.

DRYING is one of the most efficient methods of food
preservation. In earlier days, under climates with very
pronounced seasons, it was probably the most effi-
cient method of holding grain from one harvesting
season to another. Transport of foods, especially dur-
ing wars, also encouraged the development of differ-
ent methods of drying.

The removal of moisture decreases the water activ-
ity of the product and thus decreases its susceptibility
to microbial attacks. Lowering water activity also
reduces chemical and biochemical activity in foods.

In brief, dehydration enhances the shelf life of the
product and helps to maintain its quality.

General Principles of Food
Dehydration

In this section we summarise physical and chemical
phenomena occurring during dehydration. The
quality of dried product depends on physical
parameters of the drying process, which is why it is
necessary to consider these issues. We draw heavily
here on papers by Van Ardsdel et al. (1973),
Sokhansanj and Jayas (1987), and Young and
Wijesinghe (1994).

* Department of Food Science and Technology, The Univer-
sity of New South Wales, Sydney NSW 2052, Australia.
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Food products in their natural state, i.e. shortly
after harvest, may contain significant amounts of
moisture, ranging from over 80% wet basis (w.b.) for
fruits and vegetables to 20-30% w.b. or more for
grain. The moisture is distributed throughout the
product. The surface moisture is evaporated quite
rapidly and the process occurs at a constant rate for a
given set of conditions. This initial phase of drying is
called the ‘constant rate period’. Once surface mois-
ture has been removed, the drying rate decreases and
moisture movement to the surface of the material is
driven mainly by diffusion inside the material. This
more advanced phase of drying is called the ‘falling
rate period’. The drying rates during the falling rate
period are considerably lower than during the con-
stant rate period. The transition between the constant
and falling rate period is called ‘critical moisture con-
tent’. For many materials, the critical moisture con-
tent is not a clear-cut limit but a gradual transition. It
is a function of the material type and the particle size.

The drying material is surrounded by air at a cer-
tain temperature and relative humidity. A prolonged
exposure to the ambient air will result in a state of
equilibrium between the moisture in the air and in the
product. This state of equilibrium, which will be
characterised by absence of net transfer of moisture
between the product and the air, is called ‘equilibrium
relative humidity’ (e.r.h.). Thus, for a given tempera-
ture and relative humidity, the moisture content of the
product is a function of the material and the position
in the cycle (drying or wetting).



Over the past thirty years there have been several
attempts to predict the mechanism of drying using
mathematical modelling techniques. Among the most
successful ones was the ‘near equilibrium model’
developed by Thompson (1972). Thompson’s model
predicts changes in grain temperature, moisture con-
tent, and dry matter deterioration, taking into account
factors such as heat transfer through the walls of the
bin, respiration of the grain mass, and conditioning of
the grain through continuous aeration. The method of
analysis was to construct a heat and mass balance
across a single thin layer of material. A deep bed of
grain was considered as multiple layers of grain, with
a stream of air perpendicular to each layer.

A great advantage for the modelling of the process
and development of drying simulations has been the
availability of fast computers, especially during the
last few years. A near equilibrium model has been
developed initially for maize (com) under the U.S.
conditions and further adapted to rice by Sutherland
(1984). The accuracy of predictions while using a
model depends on understanding of thermophysical
properties of the material. These properties can be
affected to some extent by environmental factors dur-
ing growth (preharvest conditions, resulting in a
change in the composition of the product), varietal
differences and even moisture distribution in the
product.

One of the main advantages of the drying simula-
tions is the capacity to predict the drying time for a
particular batch of material. This value, as well as the
throughput of a particular dryer, are determined by
the drying rate of the product. The drying rate is
determined by basically two factors: the airflow rate
and the relative humidity of the drying air. The latter
is in turn a function of the temperature and moisture
content of the drying air.

When the drying process is in the ‘constant rate
period’ at a given airflow rate, the drying rate
depends mainly on the difference between the rela-
tive humidity of the drying air and the ‘equilibrium
relative humidity’ of the product. The relative humid-
ity of the drying air can be reduced by an increase in
temperature or by dehumidification. Since evapora-
tion of the surface moisture is the driving force at this
stage of drying, an increase in temperature of the dry-
ing air will result in an increase in the drying effi-
ciency without affecting the quality of the product
(the latter being in fact cooled down).

During the ‘falling rate period’, the moisture
movement towards the surface of the material is
driven by diffusion of moisture in the product, which
is a function of the vapour pressure of water (itself a
function of moisture content and temperature), and
the structure of the material.

While moisture moves towards the surface of the
material, water soluble substances are also migrating
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in the same direction. This is particularly true for the
larger solutes, whereas some smaller dissolved mole-
cules tend to migrate in the opposite direction. The
accumulation of significant quantities of solutes near
the surface of the product will result in the creation of
a hardened, less permeable outer layer, resulting in a
decrease of the drying rate. The formation of such a
layer is commonly called ‘case hardening’. ‘Case
hardening’ is often enhanced by high temperatures.
Another undesirable effect during the ‘falling rate
period’ is the shrinkage of the product. Finally, high
temperatures during drying may lead to the loss of
volatile compounds from products rich in such sub-
stances.

Principles of Two-stage Drying

Although principles described in this section may
apply to various agricultural products, for the sake of
simplicity, we will refer mainly to grain. Taking into
account different drying rates of grain at different
moisture contents, combination or two-stage systems
have been developed in a number of countries.

The first stage of such systems involves high tem-
perature, fast drying in order to reduce the moisture
content from its harvest level down to a level at
which the product water activity is about 0.85. This
corresponds to a moisture content of about 18% (wet
basis) for rice and maize. This moisture is concen-
trated near the surface of the grain and can be
removed quite easily. After completion of the first
stage of drying, grain is transferred into a storage bin,
where it is tempered (cooled) and then dried using
lower air temperatures. The second stage involves
removal of moisture from the centre, and since it is
diffusion controlled, leads to a reduced drying rate.
This drying stage occurs in the ‘falling rate period’.

In-store drying can also be called low-temperature
in-bin drying. It may be used where grain remains in-
store until milled or sold, or where drying is seen as
the primary purpose of the equipment, with the grain
being removed to another bin for aerated storage. The
advantage of the latter is an increase in throughput
resulting in reduction of capital cost per unit dried.
This situation may arise at a trader’s level where fast
turnover of grain is required so that fresh stocks may
be purchased.

The main advantages of two-stage drying are
(Morey et al. 1981):

« reduced energy requirements;
= increased drying system capacity; and
» improved grain quality.

The reduced energy requirement over conventional
drying technology is due to the increased air effi-
ciency compared with continuous-flow dryers, so that
less heat is lost to the atmosphere. The second advan-
tage is related to the capacity of the first stage ‘fast’



dryer, since discharge of the grain at a higher mois-
ture content before cooling will free the dryer for the
next load of high moisture grain. This corresponds to
the ‘constant rate period’ during which continuous-
flow dryers are more efficient. The third point men-
tioned above, relates to the relaxation time given to
grain during second stage drying, which allows mois-
ture gradients within the grain to equilibrate, prevent-
ing the outer layer of the grain from being overdried
and hence made brittle and susceptible to fissures and
cracking. It seems that during this stage, the interior
of the grain is under tensile stress, whereas the outer
layer is being compressed (Fig. 1).

In-store drying was first implemented in the USA
in the 1950s among maize farmers in the North Cen-
tral Region and rice farmers in Texas (Do Sup Chung
et al. 1986). However, this technique was used
mainly on a trial-and-error basis and occasionally led
to spoilage of grain due to extremely low airflow
rates combined with too high drying temperatures. It

moisture starting brittle
to migrate to shell
the surface

~~—

—_

(@) grain immediately after drying showing
brittle surface under tension

shell under
— . compressive
stress

moisture reaches
brittle shell ~a

" (ensile stress
within the grain

(b) brittle shell swells slower than layers
beneath as it absorbs more moisture

(c) grain fisures to release stress

Figure 1. Concept of rice fissuring due to moisture migra-
tion within the grain (from Bulaong 1994).

was not until the early seventies after the develop-

ment of Thompson’s (1972) drying model that sys-

tematic research into in-store drying began in the

USA, Europe and Australia (Srzednicki and Driscoll

1994). Computer simulations were run based on

Thompson’s model, using long-term weather data

(temperature and relative humidity) from different

locations of cropping areas, in order to study the dry-

ing process in each place.

In spite of the fact that weather conditions in
humid tropical climates are less favourable than tem-
perate climates for in-store drying, due to high ambi-
ent temperatures and relative humidities, research on
the use of aeration in combination drying had began
as early as the 1960s (Calderwood 1966). Initially,
aeration was used for cooling paddy previously dried
in a high temperature dryer, by aerating a mass of
grain with ambient air in a holding bin. In the late
1970s researchers in a number of subtropical and
tropical countries started studying conditions for
successful adoption of in-store drying of paddy, later
also researching its application to crops such as
maize, peanuts, and soybeans. They extended the
techniques initially used in temperate climates,
namely optimisation by application of drying mod-
els, to tropical conditions. In order to compensate for
the higher daily relative humidities, higher airflow
rates and additional heat were incorporated (Adamc-
zak et al. 1986; Driscoll and Srzednicki 1991; Dris-
coll et al. 1989).

A series of collaborative research projects funded
by the Australian Centre for International Agricul-
tural Research (ACIAR) was launched in the early
eighties on in-store drying in the humid tropics (Srz-
ednicki and Driscoll 1994). These projects involved
research institutes in Australia and Southeast Asia:
the University of New South Wales, the National
Postharvest Institute for Research and Extension
(NAPHIRE) in the Philippines, King Mongkut’s
Institute of Technology Thonburi (KMITT) in Thai-
land, and the Malaysian Agricultural Research and
Development Institute (MARDI).

The following were the main objectives of the
research.

* To determine thermophysical data for the main
grain crops, with the aim of using these data to
design drying systems for these crops

+ To investigate first-stage drying options for areas
where a two-stage drying strategy was required

* To provide appropriate technology for complete
drying systems for main crops, especially paddy
and maize, in the humid tropics

« To study the effects of various drying strategies on
product quality.

The main outcomes of this research work, which
have been published and presented at seminars, are as
follows:



a) Very comprehensive weather data, covering at
least ten years, have been collected from various
locations in Malaysia, Thailand, Indonesia, and Aus-
tralia, and to a lesser extent in the Philippines.

b) Thermophysical data comprising bulk and true
density, porosity, angle of repose, coefficient of static
friction, specific heat, equilibrium moisture contents
at various temperatures and relative humidities, and
thin-layer drying rates have been determined for a
range of commercially important varieties of paddy
and maize. Thermophysical data have also been col-
lected for soybeans, peanuts, and mungbeans.

c) Baseline data regarding the structure of the grain
industry in the collaborating countries in Southeast
Asia have been collected. These include the geo-
graphic distribution of crops, cropping calendars,
quantities procured daily by processors, and storage
and milling capacities.

d) A computer drying simulation model based on
the thermophysical data has been developed Driscoll
(1986). The model is based on thermodynamic equi-
librium between air and grain during the drying proc-
ess as described by Sutherland (1984). The
simulation model includes grains such as paddy
(Australian and Asian varieties), maize, peanuts, soy-
beans, mungbeans, barley, and other products. Differ-
ent strategies can be simulated for in-store drying,
among them constant aeration, relative humidity con-
trol, time control, and modulated burner control. The
model makes provision for options such as recircula-
tion of air, stirring of grain, dehumidification, and
heat losses through walls.

€) A great many simulations have been performed
in order to assess the feasibility of in-store drying
under the climatic conditions prevailing on selected
sites in the main grain growing regions of the collab-
orating countries in Southeast Asia. As a result of the
analysis of the computer simulations it has been
established that two-stage drying with in-store drying
as a second stage is feasible under the conditions of
the humid tropics.

f) Confirmation of the computer model predictions
was achieved through pilot plant studies, using 1-5 t of
paddy, conducted in Australia and in Asia, followed by
industrial scale experiments with up to 500 t, con-
ducted at grain complexes belonging to government or
privately owned rice mills in Southeast Asia. These
experiments also demonstrated that paddy could be
dried successfully during the wet season down to safe
storage or milling levels within the required period of
13-23 days, depending on the chosen strategy, the ini-
tial grain condition and the bed depth.

g) Programmable controllers were added to the
dryers. The most appropriate drying strategies for
each location were programmed into these control-
lers, using parameters derived from computer simula-
tion.
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An example of the weather data for the wet season
harvesting period in Thailand is shown in Figure 2.

The research work led to development of various
solutions, according to the size of operations of the
mill or grain handling unit. In Thailand, sheds from
medium size (100 t) to large size (3000 t) are being
used for in-store drying. First-stage drying is mainly
performed using large capacity continuous-flow dry-
ers. The project has developed a fluidised bed dryer
of 1 t/hour capacity that is being used by a commer-
cial mill. That unit is currently being scaled-up to 2.5
t/hour.

In the Philippines, the project team has developed a
mobile flash dryer of 0.5 t/hour capacity for paddy for
the first stage of drying (Fig. 3). It is equipped with a
blower and a kerosene-fed heating unit. There is also
a rice husk combustor option for the unit. An in-store
dryer comprising six bins each of 11 t capacity (Fig.
4) matches the rate of daily receival and the capacity
of the flash dryer. It also matches the capacity of the
rice of the cooperative where the dryer has been
installed.

In Vietnam, a flat-bed dryer of 4-5 t capacity is
being used as a first stage dryer, with an 80 t bin for
in-store drying.

Effects of In-store Drying on Grain
Quality

Final grain quality depends on the following factors
(Brooker et al. 1992):

« environmental conditions during growth
 harvesting conditions
« carly stages of postharvest operations
e drying
* storage
= conveying and transportation.

Different grain crops have different quality stand-
ards, so that it is not possible to have a general qual-
ity model. However, some quality criteria are
applicable to a wide range of grains; for example,
deterioration due to respiration or the action of cer-
tain microorganisms. Deterioration due to respiration
is usually called dry matter loss, and can be deter-
mined by the amount of carbon dioxide produced.
The extent of fungal activity can be defined in a vari-
ety of ways, including plate counts or by chemical
analyses of constituents of metabolites. Some
researchers (Seitz et al. 1979; Schwadorf and Muller
1989) have suggested using measurement of the
amount of ergosterol present in the grain as an indi-
cator of fungal growth. Ergosterol is a sterol found in
the cell membranes of the fungi, as well as in the
grain itself. Changes in the amount of ergosterol
present after harvest are indications of mould activ-
ity on the grain.
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Figure 2. Weather pattern during wet season in Central Thailand.

Grain colour is a major quality criterion for rice.
There are national standards that relate the number of
discoloured grains to the price of grain. Experimental
work done by Australian and Filipino scientists
(Bason et al. 1990) has shown that the colour changes
are related to chemical processes which are a function
of water activity, temperature and, to a lesser extent,
the oxygen concentration during storage of paddy.
Fungi have also been associated with discoloration of
paddy, although the mechanism of the process is not
clearly understood. It can be speculated that condi-
tions favourable to chemical discoloration (high tem-
perature and water activity) also favour fungal

growth, so that fungi are very likely to appear on
grain that has already been discoloured by chemical
reaction.

Another quality parameter of great commercial sig-
nificance for paddy is the head rice yield, i.e. the pro-
portion of head rice (rice which is 3/4 kernel size or
larger) in the total amount of milled rice. Fissuring
during postharvest handling of paddy will decrease
the head rice yield. The mechanism of fissuring is
associated with readsorbtion of moisture by grain that
has already been dried (Kunze and Prasad 1978).
Hence, the head rice yield is closely related to the dry-
ing strategy.
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Figure 4. Schematic of a 66 t in-store dryer at the Dayap Cooperative in Calauan, Laguna Province in the Philippines (cour-
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Although fissuring is also important to maize qual-
ity, a more significant quality parameter is the afla-
toxin content. Aflatoxins are secondary metabolites
formed by spoilage fungi of the genus Aspergillus,
particularly Aspergillus parasiticus and A. flavus.
They are of concern because they are human carcino-
gens, and cause a significant decrease in growth rate
and increase mortality among poultry and pigs fed
aflatoxin-contaminated feeds. Aflatoxins are pro-
duced in a range of produce, especially in maize, pea-
nuts, copra, tree nuts, and milk.

Research on aflatoxin control in maize in the USA
by Ross et al. (1979) indicated that, when using low
temperature drying, grain above 17% moisture con-
tent stored at temperatures between 13—41°C should
not be exposed to relative humidities above 85% for
more than 48 hours. Since the equilibrium relative
humidity increases with temperature for a given
moisture content, any delay in drying under tropical
conditions combined with an increase in temperature
can result in moisture adsorbtion and increased risk
of aflatoxin formation. Recent research in Thailand
by Wongvirojtana et al. (1994) has shown that, with
careful monitoring of the quality of incoming grain,
and the choice of an appropriate drying strategy, it is
possible to reduce aflatoxin build-up using in-store
drying technology. However, it is feasible only for
incoming grain having moisture contents below 19%
and low afiatoxin levels.

In summary, a properly managed two-stage drying
system can overcome the following product quality
problems:

» Discoloration in paddy if there are delays in reduc-
ing moisture content from field level down to about
18% w.b. This can be overcome by a prompt start to
fast drying (first stage). However, even paddy at
18% can be stored under aeration for up to about
three weeks without significant deterioration. In-
store drying should therefore commence as soon as
possible.

« Fissuring in paddy and maize is mainly related to
grain rewetting and associated with the second
stage of drying. Careful monitoring of relative
humidity of inlet air for aeration should provide suf-
ficient safeguards. Automatic control systems offer
a significant level of protection, provided there is a
reliable power supply on the drying site, and are
increasing in use in tropical countries. A properly
managed in-store dryer will therefore result in an
increase in head yield at a significantly lower cost
than when using a high temperature dryer.

» Aflatoxins are a problem in maize at the second
stage of drying. However, experimental work in
Thailand has shown that, with proper monitoring
of quality of grain delivered to the in-store dryer
and appropriate aeration strategies, an efficient
control mechanism can be implemented.

Conclusions

The following conclusions can be drawn from the
results of research on in-store drying and its effects
on grain quality.

* In-store drying is feasible under humid tropical
conditions as a second stage of drying process, i.e.
for removal of moisture from about 18% w.b. down
to safe storage or milling level (14-15% w.b.).

« In-store dryers are best suited at miller and trader
level, i.e. they should be incorporated into a chain
of postharvest operations that includes fast drying
as soon as possible after harvest, and milling or
storage after in-store drying.

« The system is very flexible and can be accommo-
dated into medium- and large-scale operations.

 There is scope for further improvement of in-store
management techniques, especially automatic con-
trol systems.
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Some Results of Research on Aeration of Paddy in Vietnam#*

Bui Huy Thanh'

Abstract

This paper summarises the results of a series of experiments on aeration of paddy held in storage at various
temperatures and moisture contents in Vietnam. The results of these experiments demonstrate the effective-
ness of simple aeration strategies for grain preservation. They also indicate that existing theory relating drying
rate and the equilibrium temperatures and moisture contents of air and grain applies only when the grain tem-
perature approximates that of the ambient air, as in the case of paddy that has just entered storage. Modification
to the theory is needed for grain whose temperature has risen to high levels during prolonged storage.

THE Red River delta and the Cuu-Long (Mekong)
River delta are the two most important rice bowls in
Vietnam. Nowadays, in those areas, people are
actively introducing measures for intensive farming
and multiple cropping to increase paddy production,
and they have already made considerable achieve-
ments. Since 1982, many places in the Cuu-Long
delta have grown three rice crops per year. The rice-
growing area of the delta is nearly 40% that of the
whole country and its output accounts for over 40%
of total rice production. The summer—autumn crop
alone (the additional crop) is grown on nearly half a
million hectares and yields about 1.4 Mt of paddy.

The humid tropical weather with sudden showers
or prolonged rain has caused a great deal of difficulty
for postharvest activities. The summer—autumn and
the early tenth-month crops in the south often bring
high yields, but their harvest occurs during the rainy
season. In the north, on average one of every two or
three crops is harvested on rainy days.

Consequently, after harvest wet grain becomes
mouldy and germinates, causing rapid qualitative
deterioration and great quantitative losses. Due to the
lack of drying facilities, the moisture content of
paddy grain delivered to warehouses during that rainy

* An earlier version of this paper appeared in the Proceed-
ings of the FAO/UNDP Workshop on Rice Post-Harvest
Technology (RAS/81/046) held at Cabanatuan, Neuva
Ecija, Philippines on 17-22 July 1984.

1 Post Harvest Technology Institute, 4 Ngo-Quyen Street,
Hoan Kien District, Hanoi, Vietnam.
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period is often above safe levels. The storage of such
high moisture grains, especially bulk grain, requires
appropriate and strict handling to avoid heating, yel-
lowing, and fungal infestation.

Many technical solutions could be adopted, such as
drying, tuming, hot aeration, air ventilation, etc. to
deal with and improve the above-mentioned condi-
tions. We have chosen the method of ambient air aer-
ation because it is a simple, inexpensive method
which enables lowering of the grain bulk temperature
as well as the moisture content, thus maintaining
grain quality during storage.

Over the last 20 years, there have been many
papers published in a number of countries, reporting
the findings of studies on aerated storage of paddy.
Most came to the conclusion that aeration was one of
the most effective measures to maintain the grain
quality. At a seminar on ‘Paddy deterioration in the
humid tropics’ held by GASGA in the Philippines in
1981, Teter (1982) used the ‘deterioration index’ (DI)
of climate (Brooks 1950) to determine suitable cli-
matic conditions for each type of grain and the effec-
tive timing of aeration. He determined that the
purpose of aeration was to maintain grain uniformly
dry at a uniform temperature, and that the rules gov-
erning aeration were that:

« heat generated must be removed

+ water generated must be removed

« air with unsuitable DI cannot be used

« the deterioration at the end of the storage time
should not exceed 0.85 dry matter loss.

In Vietnam farmers have long practised drying wet
paddy in the air when the rain prevents them from
drying threshed paddy. The wet paddy is spread out



20-30 cm thick on the house floors to be dried by the

air, and its temperature is maintained between 20—

30°C, to prevent germination and yellowing. How-

ever, if they keep the paddy too long, part of the
paddy stack may become discoloured and mouldy.

Although this method of temporary storage is simple

it is applicable to only small quantities held in indi-

vidual households.

In small granaries in the countryside, people insert
ported tubes made of bamboo into the grain pile to
release the heat and moisture naturally. Some big
warehouses are equipped with large fans to blow air
into the grain bulk through ducts under the floors.
However, until the past 10 years there had not been
any research on paddy aeration in Vietnam, a tropical
country with climatic characteristics different from
those in the temperate zones. Our research has there-
fore had the following objectives:

+ To study the factors that affect the drying and cool-
ing abilities during aeration, such as the air temper-
ature and humidity (in the humid tropics), and the
grain temperature and moisture content, etc.

» To test the effects of aeration in order to handle wet
paddy, to prevent heating, and to reduce moisture
content of paddy in bulk stores in hot and cold
weather.

» To determine the opportunity for suitable ventila-
tion to get good results. This work is particularly
important for the humid tropics, because if air with
the wrong properties is used, the results of aeration
might be the opposite to those desired.

« To assess the effectiveness of the aeration equip-
ment tested under normal conditions of rice storage
in Vietnam.

The Equipment for Aeration

Like many other countries, warehouses and the
improved traditional ‘godown’ are popular in Viet-
nam, although of lower capacity, each bin holding
from 100 to 250 t of paddy. Because of this, we
designed a type of portable aeration equipment for
experimental studies. Other reasons for designing
portable equipment were that it required a lower
investment, its capacity was fully used and, in partic-
ular, no modification of the existing warehouses was
needed.

This equipment consisted of a suction fan and an
air distribution pipe. To ventilate a bin, the duct was
inserted into the bulk to about 1.6-2.0 m depth, then
joined directly to the fan. The system could be easily
dismantled and moved to another bin. Its technical
specifications are as follows:

- aeration rate 650-700 m*hour

« air pressure 170-200 mm of water column
¢ motor speed 2850 rpm.

+ power 0.7-1.0 kW
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The suction pipe is 2.5 m long with a diameter of
102 mm. The pipe end, 0.8 m in length, is drilled with
14000 holes (each hole 2 mm diameter) for air
release. The end of the pipe is pointed and grooved to
permit easy insertion into the grain bulk.

The aeration fan can either blow or suck according
to which side of the fan the aeration piping is
attached.

Some Research Results

In this technical paper, only reproducible and repre-
sentative results of the research are presented.

A. Aeration for protection of wet paddy

This method was used to preserve the quality of
paddy which had just been threshed but could not be
dried immediately because of overcast humid
weather or days of steady rain.

The field experiments on wet paddy storage were
carried out in the agricultural cooperatives, by the
discontinuous aeration method, with grain stacks of
4.5-5.0t, 2.0-2.2 m in height, and paddy with mois-
ture contents in the range 20-29%.

From the results with two crops, we drew the fol-
lowing conclusions.

Discontinuous aeration during 49-50 hours ena-
bled us to limit mould and germination, to avoid self-
heating and yellowing of grain for up to 15 days,
depending on the original moisture content of the
grain.

Moisture content (%) Time for safe storage (days)

20 15
24 6-7
29 4-5

The 50 cm surface layer accumulated heat and
moisture, so the grain moisture content was not
reduced and the grain temperature there was 5-6°C
higher than the average temperature of the rest of the
stack. Consequently, the paddy in this layer was more
mouldy and germinated (with the paddy of 24% m.c.,
after 5 days aeration the rates of germinated and
mouldy grains were 0.1% and 0.3%, respectively, and
mould was mainly seen in immature grains). The
grain in the middle of the paddy stack was sound.

To avoid paddy deterioration at the surface layer
during aeration was a difficult problem. Some over-
seas researchers have solved the problem by raising
the aeration rate to 500 m*/t.hour, or by turning the
grain. These solutions are expensive and compli-
cated. Our solution was to provide additional aeration
to the surface layer of the stack, or discontinuous aer-
ation in which one-third of the time was reserved for
the surface layer only. Four subsidiary suction pipes



were inserted 60 cm into the pile to improve the aera-
tion of the grain layer near the surface (Fig. 1).

The bamboo basket of paddy was a cube of side 2
m, holding 4.5 t of paddy which had been harvested
and threshed for two days before being loaded in the
basket tor aeration. The grain moisture content was in
the range 23.5-24.5%. Immature grains accounted
for 20-25%.

After 6 days aeration the paddy was unloaded for
sun drying. The air and grain stack temperatures, the
air humidity, and aeration times are shown in Table 1.

The climate in Vietnam is usually hot and humid,
s0 we used an aeration rate of 137 m/t of grain per
hour, higher than that used in the experiments of
some overseas. Calderwood (1966), for example,
used an airflow rate of 39 m%t.hour.

The changes in paddy quality that occurred are
shown in Table 2.

Thus, after nearly 62 hours of aeration, the grain
moisture content fell by 3.5%, the germination degree
rose from 32-34% to 55%, and grain quality
remained constant throughout the bulk. The only del-
eterious change was in the colour of the grain, which

. became darker after aeration.

From the results of tests on three harvests, the fol-
lowing conclusions can be drawn:

- Aeration was an effective method of preserving
wet paddy when the weather was unfavourable for
drying. Aeration prevented paddy from moulding,
self-heating, and germinating, which would lead to
quantitative and qualitative deterioration.

Table 1. Aeration schedule.
Index Day of aeration
1 2 3 4 5 6

Average air moisture content (%) 74 94 86 63 74 82
Average air temp. (°C) 28 28 30 31 33 31
Average temp. of grain (°C) 28 28-29 29-30 30-31 31-32 29-30
Total hours of aeration in the day 11 17 13.5 9.5 6 55
In which the hours for surface layer 3 6.5 2 4 2 25

O
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Figure 1. Aeration mode in experiment to preserve wet paddy.
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» The time for safe storage depended on the original
moisture content of the paddy, and the air tempera-
ture and humidity. Paddy with moisture contents
above 25% could be stored for 5 days, and paddy
with the moisture contents of 23% for 10-15 days
in cool weather. Paddy with a moisture content of
24%, aerated discontinuously for 60-80 hours,
could be safely stored for 6-10 days in hot weather.

» The aeration rate through the grain pile to accom-
plish the above results was between 130-140 m>/
t.hour. If the paddy was stored in larger warehouses
with underfloor ducting, the aeration rate could be
reduced to 100 m*/t.hour.

« Either separate and periodic aeration of the surface
layer or additional aeration for that part of the grain
stack was a simple and effective measure which
could preserve the paddy grains at the surface layer
from moulding, germination and yellowing.

B. Aeration for cooling bulk grain stores

The aim of aeration was to prevent heating within
the grain pile. The cooling rate depended upon the
difference between the temperature of the grain stack
and that of the air, and on the rate that air was blown
through the grain.

1. Aeration for cooling a grain stack in the cold
season in a bin holding 130 t of paddy, stored for 6
months. Four suction fans were placed, 3 m away
from each other (two aspirators, two blowers), with
the air volume supplied of 23m°/t.hour (Fig. 2). The
results of cooling the grain stack are shown by the
data in Table 3.

2. Aeration of a bin holding 250 t of paddy, half of
which was heating. Four suction fans were used as
previously. The results are shown in Table 4.

From Tables 3 and 4 it was observed that, in the
cold season, when the air temperature ranged from

16-22°C, aeration could reduce the temperature of
the grain stack from 30-35°C to 24-25°C. The grain
temperature fell quickly for the first 20 hours, after
which the temperature reduction slowed to a marginal
rate.

3. Aeration of a grain stack of 130 1, which was
heating in the hot and humid season. Five suction
fans were used, with an air volume of 28 m>/t.hour.
Temperature changes in the grain stack during aera-
tion are shown in Table 5.

The initial temperature of the grain stack, 40-42°C,
was reduced to 35-36°C, permitting safe storage.
When the difference in temperature between the air
and the grain reached only 5-6°C, the temperature of
the grain pile was near equilibrium. The grain tem-
perature could not be reduced by further aeration.
Therefore, the effective aeration time was about 10—
15 hours.

Apart from temperature reduction, aeration created
a more uniform temperature distribution within the
grain. This reduced the chance of moisture migration
from the lower to the surface layers, and the concom-
itant danger of mould growth. The temperature distri-
bution in the grain stack before and after aeration is
given in Table 6. Aeration clearly reduced the differ-
ences of temperature between the layers in the grain
stack.

Aspirator Aspirator
Air inlet E o Air outlet
(@]
Blower Blower

Figure 2. Aeration for grain cooling.

Table 2. Paddy quality changes during aeration.
Paddy sample Moisture  Yellow Mouldy  Germinated Germination Germination
content grains grains grains degree intensity
(%) (%) (%) (%) (%) (%)
Before aeration
Sample | 235 V] 0 0 33 28
Sample 2 24.5 0 0 0 34 34
49 hours after aeration start (the 4th day)
Sample near surface 24.0 0 0 0
Sample medium 23.0 0 0 0
Before sun drying
Sample medium 20.5 0 0 0 55 43
Sample near surface 223 0 0 0 52 41
18.3 0 0 0 72 50

Sample in middle
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From these data, the following main conclusions
can be drawn:
Aeration was an effective means of preventing
grains from heating in both cold and hot weather.
The effective aeration time was 20-25 hours, with
an air volume of 23-30 m*/t.hour.
The temperature of an aerated grain stack was 5-
8°C lower than unaerated grain.

C. Aeration for drying paddy

Although the effects of reducing paddy tempera-
ture and moisture content during aeration took place
simultaneously, they were studied separately in order
to assess the relative contribution of each to grain
preservation.

Some heated grain stacks with a surface moisture
content above 14% were tested to see if aeration
would improve the storage characteristics of the
grain.

» A bin holding 240 t of bulk baddy that had been
stored over the hot season was treated. It was the
cold season, but the grain stack was heating and its
surface layer had begun to mould. Nine suction
fans were used, including 3 aspirators and 6 blow-
ers, with an air volume of 24 m*/t.hour.

The results of drying and cooling the grain stack
are shown in Table 7.

After 32 hours of ventilation, the average moisture
content of the grain stack fell from 12.7 to 11.9%, and
its temperature fell by 8%. The grain stack was free

Table 3. Results of grain cooling experiment.
Number of Average air Grain temperature (°C) at the depth of 1.4 m, taken at 9 different points
aeration hours  temperature (°C) I 2 3 4 5 6 7 3 °
0 - 34.0 355 37.0 32.0 33.0 30.5 345 375 345
22.0 28.0 375 325 28.5 29.5 28.5 320 34.0 355
24 20.0 26.0 25.5 29.0 27.0 275 27.0 31.5 28.5 30.2
57 20.5 25.0 26.0 28.0 25.0 26.5 250 275 27.0 27.0
Table 4.  Effect of aeration on grain temperature at various points in 250 t of bulk paddy.
Number of Average air Grain temperature (°C) at the depth of 1.4 m, taken at 10 different points
aeration hours  temperature (°C) 1 5 3 4 5 6 7 8 9 10
0 - 31,5 355 345 345 310 325 325 250 270 270
14.0 265 325 315 335 285 285 285 240 270 260
17.0 235 275 275 235 265 265 255 245 275 240
12 19.0 235 235 255 240 265 265 245 245 260 240
20 16.0 235 235 240 240 255 255 235 240 250 240
(Tinitial — Tana)°C of the grains 8.0 120 105 10.5 5.5 9.0 4.0 1.0 20 3.0
Table 5. Effect of aeration on grain temperature at various points in 130 t of bulk paddy.
Number of aeration Average air Grain temperature (°C) measured at 6 different points
hours temperature (°C) 1 2 3 4 5 6
0 - 3835 42.0 39.0 40.0 420 41.0
5.0 31.0 37.0 41.0 35.0 40.0 385 35.0
8.5 320 370 38.0 35.0 39.5 375 36.5
13.0 30.0 36.0 37.0 34.0 37.0 38.0 35.0
15.5 31.0 35.5 36.0 34.0 37.0 37.0 35.0
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from humidity and mould, its porosity was better, and

the paddy could be continuously stored safely.

« A grain stack had been stored for 6 months. For the
last two months it had been heating, despite being
turned over. Ventilation was carried out in the hot
season, with an air volume of 23-24 m*/t.hour.

The results of aeration of this stack are given in
Table 8. After 18 hours aeration by air with the aver-
age temperature and moisture content shown in Table
8, with the difference of (m.C.grin — M.Cocquitibrium) =
2.4%, the average moisture content of the grain pile
decreased by 2% and its temperature fell by 6°C. The
grain pile became drier and looser than before aera-
tion.

In the literature on acration, Koz’mina (1966,
1970) concludes that the drying of grain by aeration
depends on the temperature and relative humidity of
the ambient air. The tendency of the grain moisture
content is to approach the equilibrium moisture con-

tent equivalent to the relative humidity of the air at a
specified temperature.

Therefore, if:

* MCegpnin > M.Cocquilibriume a€ration helps dry the
grain

4y

* M.Cgryin < M.Cequilibriums 2€TAtiON causes wetting of

the grain )

This is why, when the air relative humidity was
high, they stopped aerating the grain, or heated the air
to reduce its relative humidity before aeration, so as
to dry the grains effectively.

However, the results of our experiments were
sometimes at variance with the second of the above
conclusions. For example, when aerating a grain
stack with a temperature 16°C higher than that of the
ambient air, and an air relative humidity of 90%, the
average moisture content of the grain could be
reduced from 13.2 to 12.2%. Based on the tempera-

Table 6. Temperatures at various points and depths in bulk stored paddy before and after aeration.
Aeration status/depth Grain temperature (°C) taken at 10 different points
1 2 3 4 5 6 7 8 9 10
Before aeration:
Depth 1.6 m 340 354 370 320 320 30.0 345 375 345 334
1.0m 320 34.0 36.5 320 31.5 30.0 34.0 30.3 34.0 33.0
02m 235 23.5 23.0 220 23.5 23.0 230 275 27.0 240
Temperature difference between 10.5 11.9 14.0 10.0 35 7.0 11.5 10.0 75 9.4
the lower and upper layers
After acration:
Depth 1.6 m 25.0 25.5 276 250 262 245 270 265 270 260
1.0m 244 252 27.5 25.0 25.0 24.8 270 26.0 24.5 23.0
0.2 m 235 25.0 23.5 23.2 235 23.5 27.0 22.0 21.5 21.5
Temperature difference between 1.5 0.5 4.1 1.8 2.7 1.3 0 4.5 5.5 55

the lower and upper layers

Table 7. Temperature and moisture content at various points in bulk stored paddy before and after aeration.
Fan hours Average air Average air Temperature (°C) of the pile at different points  Equil. m.c. Grain m.c. (%)
temp. (°C) m.c. (%) 1 2 3 4 5 during
aeration (%)
260 305 320 315 325 285 9.1 Av. 12, surface
6 145 86 230 295 250 260 290 285 fayer 15.
16 16.0 65 21 265 215 230 240 240 8.8-9.5
26 18.0 55 195 245 210 225 230 235 10-10.5
32 18.0 50 190 240 220 230 230 230 10 Av. 11.85, surface

layer 14
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ture and moisture content of the ambient air, the cal-
culated equilibrium moisture content would be 17.8%
higher than the grain moisture content. Thus, accord-
ing to their theory, the aeration should have had no
effect. Why then had it helped dry the grain?

We theorised that the air had changed in character-
istics as it passed through the grain stack of higher
temperature. Some experiments were needed to test
this. A suction fan (see Fig. 3) was installed to acrate
a grain stack. The grain temperature and ambient air
temperature and relative humidity were recorded
before and after blowing through the grain stack (at
the outlet of the fan).

From the data in Table 9 and a series of other data,
it was clear that, after passing through the grain stack,
the air temperature increased to approximately that of
the stack. For convenience of calculation, we consid-
ered that they had become equal.

Table 10 details the changes in aeration air charac-
teristics after it has passed through the grain stack. It
can be seen that the air temperature reaches that of
the grain, while there is a marked rise in the air abso-
lute humidity above that of the grain (meaning that

the air had taken up moisture from the grains).
Despite this the air relative humidity falls markedly.
For example, when air with a relative humidity of
92% and a temperature of 28°C passed through a
grain stack having a temperature of 39°C its tempera-
ture rose to 39°C. If the air had not taken up moisture
from the grain, its relative humidity would have been
51%. This air would be very dry and so would take
up moisture from the grain (1 m® of air could take

T

1 2

L~

S/

Figure 3. Experimental set-up to determine change in char-
acteristics of air used for aeration (see text for
explanation): 1. air inlet; 2. air outlet.

-

1. m.C.equitibrium = f(Tair. Th-aip Tgrain)

in which M.C.equilibrivm = €quilibrium moisture content of the grain
Tyir = the air temperature
r.h.,;; = the air relative humidity
Torain = the grain temperature.
2.1t

* (M.C.gpyin = M.Coequilibrium) = 3, acration helps dry grains well and quickly, reducing > 1.5% m.c.

* 22 (M.C.gryin — M-Coequilibrium) < 3, acration helps dry grains at a moderate rate, reducing about 1%

grain m.c.

s 1 S(M.Cogryin — M.Coequilibrium) S 2, aeration dries grains slowly and little, below 1% grain m.c.

3. If: (m.C.gryin — M-Ceequitibrium) < 0, aeration is ineffective.

Table 8. Changes in air and grain temperatures and moisture contents during aeration.
Aeration Average air Average air Average temp. of  Equilibrium moisture content  Grain moisture content
hours temp (°C) r.h. (%) grain stack (°C) during aeration (%) (%)
0 43 Average 12.8-13.0
Surface layer 14.2
10 28.0 90.0 41-42 10.6
13 29.0 85.0 39 10.8
18 30.0 70.5 36-37 10.3 Average 11.0

Surface layer 12.6




approximately 8 g of vapour). The relative humidity
of the air was, in reality, 88%.

The air temperature was nearly equal to that of the
grain because when passing through the grain stack
the air was in contact with many millions of grains,
presenting a substantial heat exchange surface. There
was therefore rapid heat transfer.

A self-recording moisture meter was inserted in the
grain stack at a depth of 50 cm. Its chart showed that,
during hours of aeration, the temperature of the air
blowing through the grain stack increased, so that its
relative humidity went down. When the fan stopped
working, the air relative humidity remained almost
unchanged.

These experimental results led to the conclusion
that it was the equilibrium moisture content corre-
sponding to the conditions of the air with its tempera-
ture increased to almost that of the average
temperature of the grain stack, and with the supposi-
tion that the grain moisture had not yet been taken up,
that determined the ability to dry the grains by aerat-

ing.

Hence, besides the two factors of temperature and
humidity of the ambient air, the equilibrium moisture
content also depended on a third factor, namely the
average temperature of the grain pile.

All the abovementioned conclusions can be gener-
alised as shown in the box below, whose rules are
incorporated in the chart in Appendix 1.

In Vietnam, for a large part of the year the air has
an average humidity of approximately 85% and
there is lack of good technical facilities for bulk
storage. Therefore, the grain temperature in ware-
houses is often 5-15°C higher than that of the ambi-
ent air. So it is possible to dry and cool the paddy by
aeration.

We can thus say that the conclusion of Koz ’mina
(1966, 1970) and Teter (1982), that the equilibrium
moisture or the deterioration index (DI) of the grain
is dependent on the temperature of the air and its
relative humidity, applies only when the grain tem-
perature approximates that of the ambient air, as in
the case of paddy that has just entered storage.

Table 9. Variation of the air temperature during aeration.
Warehouse Time Air temp. before  Average temp. of grain  Airtemp. after  (T,;; — Tgpain) (°C)
aeration (°C) stack around the fan (°C) aeration (°C)
A 10.30 pm 13.0 26.0 31.5 5.5
12.00 pm 13.0 27.5 30.5 3
3.00 am 12.0 26.7 28.0 1
10.30 am 19.0 25.0 26.0 1
B 12.00 am 29.0 38.7 37.0 ~-1.7
4,00 am 272 37.2 375 03
8.00 am 32.0 37.2 27.0 -0.2
6.00 pm 31.5 36.0 36.0 0

Table 10. Changes to ambient air temperature and moisture content following transit through bulk paddy.

Warehouse Measurement Ambient air Grain average Air passing grain pile
time Temp. °C) rh.(%) ah.(gm?) €mPeraure CC) w0 (oC) rh. (%) ahb(g/m?)

C Ist time 20.4 84 14.8 36 36.0 57 23.6
2nd Time 235 72 15.5 35 35.0 65 25.3
3rd Time 20.4 81 14.3 335 335 55 20.0

D Ist time 29.0 88 25.0 42 42.0 100 55.6
2nd Time 28.0 92 24.7 39 39.0 68 32.8

4Relative humidity corresponded to the conditions in which the air had exchanged moisture with the grains and its temperature had
been raised.
b Absolute humidity.
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D. Influences of other factors on aeration

In addition to the factor
m.c. = (m.C.gmm - m.C.equmbﬁum)

that determined the drying ability as mentioned
above, the air volume supplied and the grain tempera-
ture also exerted important influences on the results
and speed of drying.

The results of experiments on the grain stack with a
temperature over 38°C showed that the optimum air
volume supplied was 25 m*/t.hour. If the air volume
was smaller the drying rate would be slow. If a higher
rate was used the grain pile would be cooled quickly,
but the grain would remain wet..

The higher the grain temperature, the more rapidly
the grain dried. If we consider that the grain stack
was a uniform and isotropic volume, the drying rate
equation is as follows:

dM/dT = —k(m.C. — M.C. .qyilibium)

in which m.c. = the grain moisture content at the start

of aeration; T = the aeration time; m.C.cqilipriom = the

equilibrium moisture content; k = a constant, the dry-

ing rate coefficient, depending on aeration conditions.
To solve this equation, we get

M.C.—M.Coequjlibrium o kT

m.C.qg —M.C.equilibrium

Table 11. Determination of drying rate constant, k.

m.c.g = the grain moisture content before aeration; k
could be determined by experiments, as shown in
Table 11.

k is influenced most by grain temperature. The
higher the grain temperature, the larger is k and there-
fore the higher the drying rate.

k is also directly related to the rate of air supply.

Time for Aeration

This section outlines design techniques for aeration.

To aerate a bulk grain store, firstly we should deter-
mine:

» the moisture content of a sample representing the
whole grain store;

» the temperature of the grain store (taken at a depth
of 1.4-1.6 m at various points); and

« the temperature and relative humidity of the ambi-
ent air.

Appendix 1 and the paddy equilibrium moisture
content table (Table 12) are then used to determine
the equilibrium moisture content corresponding to the
conditions of the air passing the grain stack with its
temperature raised to that of the grain, with the air
assumed to have not as yet taken up any grain mois-
ture.

The time suitable for ventilation was as follows:

» For first 10 hours: (M.C.gpin — M.Cogquilibrium) > 2, the
air relative humidity < 85%, no rain.
» For subsequent hours: (M.C.grain — M.Cocquilibrium) >

1, the air humidity < 85%, no rain.

Experiment Aeration hours Air volume supplied  Grain temperature Equilibrium moisture k value
(m3/t.hour) °C) content (%)
No. 1 32 23.0 32-34 9.8 0.0230
No.2 o _ 23.0 29-33 102 0.0197
No. 3 12 17.0 38-43 10.0 0.0598
No. 4 18 32.6 37-43 10.3 0.0730
No. 5 18 26.0 35-42 103 0.0696
Table 12. Equilibrium moisture content of paddy at different temperatures and relative humidities.
Temperature Relative humidity of air (%)
€O 20 30 2 60 70 80 9
30 7.1 8.5 10.0 10.9 11.9 13.1 147 17.1
25 7.4 8.8 10.2 11.2 12.2 13.4 149 17.3
20 7.5 9.1 10.4 11.4 12.5 13.7 15.2 17.6
15 78 9.3 10.5 11.6 12.7 139 15.6 18.0
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Table 13. Influence of equilibrium moisture on the results of grain drying by aeration.

Parameters Hours of aeration
0 7 10 17
Average air r.h. (%) 100.0 75.0 85.0
Average air temp. (°C) 13.0 14.0 19.0
Average temp (°C) of grain stack 25.0 25.0 25.0
W12 (%) 11.0 12.2
W2P (%) 19.3 14.1
Deterioration index 10.2 59
Moisture content (%) of grain stack 12.2 11.5 12.1

4W1: Equilibrium moisture content of grain relating to the conditions of air passing through the grain stack. The air temperature has
risen to equal the grain temperature, but the air has not yet exchanged moisture with the grain.
b W2: Equilibrium moisture content of grain corresponding to the temperature and the percentage relative humidity of the air.

During ventilation, determine the equilibrium
moisture content every four hours. The moment the
conditions become unsuitable, stop ventilating.
Therefore, aeration is carried out discontinuously,
normally for 817 hours a day (Table 13).

The total effective length of each period of aeration
is normally 20-30 hours, which might reduce the
grain moisture content by 1-2%.

Benefits of the Use of the Suction Fan

This equipment had the advantages of being simple,
inexpensive, and convenient to install.

Each set consisted of 4-5 units, capable of treating
stores holding 130-150 t of paddy, and of handling
4500-5000 t of paddy per year.

The results of aeration of tens of thousands of tons
of paddy in the Red River and Cuu-Long River deltas
in recent times support the findings outlined in this
paper. Handling paddy by ventilation not only met
the technical demands but also cost less than redrying
by sunlight or dryers because it needed less fuel and
equipment, and fewer personnel.
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Appendix 1. Diagram for calculating drying and cooling of grain in a cabinet
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Drying of Paddy and Maize in Thailand

Somchart Soponronnarit*

Abstract

Grains such as paddy and maize (corn) are important agricultural products that must be dried for safe stor-
age. This paper describes strategies appropriate for drying paddy and maize in hot and humid climates.

In-store drying is a method that has already been shown to be feasible under such conditions. The advan-
tages of in-store drying are that it yields a high quality product, has low operating costs, and enables safe
storage of wet grain for longer periods. The technique had been tested in a private rice mill with a total ca-
pacity of 5500 t. The paper provides design charts for in-store drying of both paddy and maize. These permit
selection of appropriate airflow rates and bed depths of grain for in-store drying.

It is recommended that grain with a moisture content higher than 20% wet basis be rapidly pre-dried to
19% before in-store drying commences. For this rapid drying phase, continuous-flow column dryers are
generally used. Fluidised-bed drying has potential as an alternative to column dryers. The paper describes
tests of a | t/hour fluidised-bed dryer installed in a paddy merchant’s mill and used to dry more than 300 t

of paddy during the past season.

DRrYING is one of the oldest technologies for preserv-
ing agricultural products. Paddy and maize (corn) are
the most important grains produced in Thailand.
Moisture content at harvesting is approximately 18—
25% wet-basis. The products have to be rapidly dried
to 14% in order to prevent them from spoilage. Yel-
lowing and broken grain are serious quality problems
with paddy, while fungi and aflatoxins are critical in
maize, especially in the feed industry.

This paper will describe research, development,
and demonstration of drying of some agricultural
products such as paddy and maize. Some technology
has already been adopted by private sector.

In-store Drying

The simplest method for decreasing grain moisture
content is direct sun drying. However, this may not
be available during the cloudy and rainy climate of
the wet season. Wet grain may be dried rapidly by
mechanical dryers using hot air. Product quality after
drying may not be very impressive, in particular for
paddy. The drying cost is also high. Slow, in-store
drying using ambient air is an alternative.

* King Mongkut’s Institute of Technology Thonburi, Suk-
sawat 48 Road, Bangkok 10140, Thailand.
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In-store drying has been employed for many years in
temperate climates. Grain will be dried and stored in
the same structure, with usually no movement of grain
during or after drying. The system comprises an air
duct and fan. Ambient air is forced into the grain bulk,
preferably during the daytime. Drying takes place over
several weeks. It has been proven that in-store drying
is also efficient in hot and humid climates such as are
experienced in Thailand (Soponronnarit 1988; Sopon-
ronnarit and Chinsakolthanakorn 1990).

In-store drying of paddy has already been accepted
by a private rice mill in Thailand (Soponronnarit
1994; Soponronnarit et al. 1994a). Total stored capac-
ity at the mill is 5500 t. It has also been demonstrated
in two agricultural cooperatives, one for maize and
the other for paddy. It can be applied to any grain and
some other kinds of agricultural products.

The advantages of in-store drying are:

« prolonging the safe storage period for wet grain,
usually more than double that for non-ventilated;

» good quality, such as no yellowing of grain and
low percentage of broken rice; and

« low cost.

In the case of maize, aeration of wet grain can
eliminate high temperatures in the grain bulk and thus
reduce unwanted sour odours.

The operating cost of in-store paddy drying in a
private rice mill was found to be very low. Specific



Figure 1. Air ducts in elevated wooden shed.

electricity consumption was approximately 6 kWh/t
of paddy dried from approximately 20% to 14% wet-
basis (Soponronnarit 1994). This is cheaper than
columnar hot air dryers.

In-store drying systems can be designed for both
old and new sheds. In Thailand, there are many ele-
vated wooden sheds, each of total capacity of 500 t.
The air duct for these should be made from perforated
steel sheet rolled in a semicircular scction (Fig. 1).
Centrifugal fans with backward curved blades are
recommended. The specific airflow rate suggested is
0.5-1.0 m¥minute/m® of grain. Design charts are
available in Figurcs 2 and 3 (Soponronnarit et al.
1994b,¢). The initial moisture content should not be
higher than 20% wet-basis. For concrete floor sheds,
it is suggested that an in-floor air duct be constructed
as a part of the concrete floor. This can be achieved in
both new and existing sheds.

It is recommended that the store be ventilated dur-
ing the daytime, for 8-14 hours/day. The fan should
be turned off during rain.

During long-term storage, the grain bulk can accu-
mulate heat produced by respiration. Ventilation for
1-2 hours once a week is recommended to remove
this.

Fluidised-bed Drying

For grain with a moisture content higher than 20%
wet-basis, rapid drying to about 19% is recom-
mended. This can be achieved by column continuous
dryers which are now becoming more and more
accepted in rice mills. An alternative is to use a fluid-
ised-bed dryer. Its advantages are firstly, uniform
product moisture content, as a result, very high air
temperatures can be employed; and secondly, high
drying capacity due to high ratio of air mass to mass
of product and high drying air temperature.
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Soponronnarit and Prachayawarakom (1995)
review some research and development work on flu-
idised-bed drying of grain. Little progress was
observed during the past few years, especially for
drying paddy. Soponronnarit and Prachayawarakorn
(1995) also conducted both experimental and simula-
tion work on fluidised-bed paddy drying. A batch
process was used. Results showed that maximum
drying air temperature had to be limited to 115°C and
final moisture content of paddy to 24-25% dry-basis
if product quality in terms of head yield and colour
was to be maintained. To maximise drying capacity
and minimise energy consumption, an air velocity of
4.4 m/second and a bed thickness of 9.5 ¢cm (corre-
sponding to a specific airflow rate of 0.1 kg/second/
kg dry matter of paddy) should be used, and 80% of
the drying air recycled. Specific energy consumption
in terms of primary energy was reported at approxi-
mately 7.5 MJ/kg water evaporated. An economic
analysis showed that total drying cost was approxi-
mately US$0.08/kg water evaporated. This energy
consumption and total cost are relatively attractive
for Thai conditions.

Batch drying with a fluidisation technique is opera-
tionally inconvenient. Continuous-flow drying would
remove this problem. A laboratory-scale cross-flow
fluidised bed paddy dryer was developed and tested
(S. Soponronnarit, S. Prachayawarakom, and O. Sri-
pawatakul, unpublished data). Similar results were
obtained except that air velocity should be 2.3 m/sec-
ond. At higher velocities, feeding in paddy was more
difficult.

Figure 4 is a schematic diagram of an experimental
fluidised bed dryer. It comprises a drying section, a
3.7 kW fan, and a 4 x 4 kW electric heater. The bed
length, width, and height of the drying section are
0.8, 0.15, and 0.5 m, respectively. Paddy bed depth is
controlled by a weir. Paddy is fed by a rotary feeder.
In operation, hot air is blown into the drying section
in which the direction of the air and grain flow is per-
pendicular. A small percentage of exhausted air is
delivered to the atmosphere and the major portion is
recycled, mixed with ambient air, and reheated to the
desired temperature. Feed rate of paddy can be varied
from 50-200 kg/hour.

Experimental results showed that decreasing mois-
ture content of paddy from 0.29 to 0.21 dry-basis
could be achieved in 2-3 minutes. Drying air temper-
ature was 115°C. Final moisture content should not
be lower than 0.22 dry-basis if grain quality in terms
of head yield and whiteness is to be maintained.

For optimum drying strategy, the following operat-
ing parameters were recommended: air speed of 2.3
m/second, bed thickness of 10 c¢m, fraction of air
recycled of 80%, and drying air temperature of
115°C.
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Figure 2. Design chart for in-store paddy drying (intermittent ventilation), inlet relative humidity below 75%, ambient mean
temperature 28.4°C, ambient relative humidity 77.8%, dry matter loss 0.5%., M;, = initial moisture content, Q =
air flow rate for 0.5% dry matter loss, AP = total pressure drop, SEC = specific energy consumption.

2m

3m

4m\

P
Q, m¥min/m? maize

w

@in‘ =0ppb My, % w.b.

. — 8 20 2 24
AP,Pa 1600 1000 500 0.4 R 1.2
2°m im { im om SEC, MJ/kg H,O
3m 10 Im
4m
4m 2
[
Ol |
s
O
A

1

Figure 3. Design chart for in-store maize drying (intermittent ventilation), inlet relative humidity below 75%, ambient mean
temperature 28.4°C, ambient relative humidity 77.8%, dry matter loss 0.5%., M, = initial moisture content, Q = air
flow rate for 0.5% dry matter loss, AP = total pressure drop, SEC = specific energy consumption.
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Figure 4. Control volumes of continuous cross-flow fluidised-bed drying system: T, temperature; W, humidity ratio, M, grain
moisture content; Q, heat; CV, control volume; arrows give directions of air and grain flow.

Because of the benefits of fluidised-bed paddy
drying, i.e. fast drying rate, uniform product moisture
content, and reasonable energy consumption compared
with most column continuous dryers, it was decided to
scale-up the fluidised bed dryer to | thour, a size
appropriate to most of the medium rice mills in

Thailand. The width and length of the reactor were 0.3
and 1.7 m, respectively. Diesel oil, the fuel usually
used in conventional paddy dryers, was selected for
heating the air. The machine (Fig. 5) was constructed
and installed by King Mongkut’s Institute of
Technology Thonburi and the Rice Engineering

Figure 5. Prototype fluidised-bed paddy dryer: left, complete unit;

below, paddy bed.



Supply Co. Ltd at a paddy merchant’s site. During
almost the whole 1994 harvesting season the unit was
used in preference to the existing two column
continuous dryers. The unit was operated for
approximately 10 hours/day, with good results. More
than 300 t of paddy have been dried to date.

Conclusion

In-store drying is applicable to paddy and maize
under hot and humid climates. Its advantages are that
it yields a high quality product, is of low cost, and
gives a longer safe storage period for wet grain. The
technique has been used in a private rice mill with a
total capacity of 5500 t. Design charts for both in-
store drying of paddy and maize are provided. These
help select appropriate airflow rate and bed depth of
grain.

For grains with moisture contents higher than 20%
wet-basis, it is recommended that the moisture con-
tent be rapidly reduced to 19%, followed by in-store
drying. Fluidised-bed drying is an alternative to col-
umn continuous drying for rapid drying. A prototype
with a capacity of | t/hour was tested at a paddy mer-
chant’s site for almost a full harvesting season, with
good results.
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Application of Two-stage In-store Drying Technology
in Southern Vietnam

Nguyen Le Hung*, Nguyen Bong§, Nguyen Thanh Long§, Phan Hieu Hien*

Abstract

Drying is still the most important operation to maintain grain quality in Vietnam, especially in the rainy sea-
son.

This paper reports on investigations of the application of two-stage drying technology to paddy, with in-
store drying as the second stage. Existing flat-bed dryers were used for first-stage drying: at a drying tem-
perature of about 50°C and a bed depth of 20 cm it took 4.3 hours of fan running time to reduce the moisture
content of the paddy from around 27% wet basis (w.b.) to 19% w.b.

For the second stage, two in-store paddy dryers of 4 and 80 t capacity have been fabricated and installed
at Song Hau State Farm, Can-Tho. Using the 4 t facility, paddy of 18-21% moisture content (w.b.) was dried
to below 15% w.b. in 84-127 hours, depending on the weather and bed depth, which in these experiments
was in the range 1.4-1.9 m. Using a drying temperature of 29-30°C and an air velocity of 9.6-10.8 m/
minute, total specific energy for fan and heater was about 5.25 MJ/kg water (evaporated). Tests with the 80
t dryer at 4.4 m/minute air velocity and the same temperature resulted in lower energy consumption, about
4.93 MJ/kg water, but the drying time was longer. The milling quality and appearance of samples of paddy
dried in-store were very satisfactory.

In a preliminary test with maize, only a low percentage of aflatoxin was found in samples of maize cobs

dried in-store, even though the grain was not dried until four days after harvest.

DRrYING grains during rainy seasons in the Mekong
Delta provinces of Vietnam is still the most important
operation to improve grain quality. For example,
freshly harvested paddy with a moisture content as
high as 29% or even more gets downgraded or starts
sprouting after just 24 hours. Much effort has there-
fore been made to introduce appropriate drying tech-
nology into these regions. In large grain-processing
complexes, some modern continuous dryers with
capacities ranging from 5 to 10 t/hour have been
installed to serve the incoming high moisture content
grains sold to the processing centres. The large
majority of grain is sun dried on concrete floors or

* University of Agriculture and Forestry, Ho-Chi-Minh
City, Vietnam.

t Can-Tho University, Can-Tho, Vietnam.

§ Song Hau State Farm, Can-Tho, Vietnam,

highways, or is dried in flat-bed dryers. In the sum-
mer—autumn season of 1994, according to our survey,
sun drying in one State farm during unfavourable
weather resulted in yellowing of 60% of paddy
grains. Flat-bed drying gives acceptable grain quality
as long as adequate airflow rates are maintained. Fur-
thermore, operators need to be well trained to mix the
whole bed at appropriate times and maintain the ple-
num temperature at or below 43°C (Hien 1993).
Soponronnarit and Preechakul, as quoted by Sopon-
ronnarit and Nathakaranakule (1992), also confirmed
this temperature ensures a good germination rate.
They also suggested that 50°C is the maximum tem-
perature if a high percentage yield of head rice is
desired.

In-store drying has long been applied in temperate
climate regions since it reduces drying costs and
improves grain quality. Under Korean weather condi-
tions, a 1.2 m thick layer of paddy could be dried in
15 days to safe storage conditions using ambient air



(Kim et al. 1989). This drying technology is also
applicable in humid tropical countries such as Viet-
nam if careful consideration is given to local climatic
conditions.

Paddy could be in-store dried directly from mois-
ture contents up to 27.5% wet basis (w.b.) in the
Philippines. However, a 2 m maximum depth was
recommended, and layered-drying with layer thick-
nesses around 30 cm was proposed if moisture con-
tent was higher than 22% w.b. (Gummert and Arturo
1994). An alternative strategy is two-stage drying.
In the first stage, freshly harvested grain is quickly
dried to about 18% w.b. by sun drying, flat-bed dry-
ing, continuous drying, rapid fluidised-bed drying
(Sutherland and Ghaly 1992), or spouted bed drying
(Srzednicki and Driscoll 1993). During the second
stage, grain is in-store dried down to 14-15% w.b.
in a gentle manner using near ambient temperatures
and a low airflow rate. This drying strategy was rec-
ommended for large-scale drying in Thailand, since
it resulted in low operating costs and high quality
grain (Soponronnarit 1986). Two-stage drying can
also reduce drying time and avoid high moisture
content grain turning yellow during a long drying
period.

Application of two-stage drying with in-store dry-
ing as the second stage for maize with an initial mois-
ture content less than 15% w.b. was also effective in
controlling the build up of aflatoxin B1, even though
the length of the drying process was 10—14 days (Srz-
ednicki et al. 1993).

Experiments on in-store drying in humid climates
have been conducted for about 10 years in other
countries, but few on a large scale. The applicability
of in-store drying in Vietnam needs to be shown in
terms of technical feasibility and acceptability to
users through firstly, demonstration of pilot drying,
even during extremely unfavourable weather, and
secondly, performance of a scale-up in-store dryer
with adequate capacity for large-scale application.

Flat-bed drying has been applied in the Mekong
Delta for 15 years. Although its recognition by users
varies from province to province, it is now the most
popular mechanical drying technology in the region.
It was estimated that there were more than 300 flat
bed dryers working in Soc Trang Province during the
most recent autumn—summer season.

The objectives of the study reported here were:

« to use existing flat-bed dryers for first-stage drying,
i.e. drying freshly harvested paddy down to 18-
19% w.b.;

* toapply in-store drying for the second stage, bring-
ing grain moisture content down to below 15%
w.b.; and

« to conduct preliminary tests on controlling afla-
toxin contamination in maize using in-store drying
technology.
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Materials and Methods

First-stage drying with flat-bed dryer

A flat-bed dryer made from galvanised sheets on a
wooden frame was used for first-stage drying. Heat
energy for drying was provided by combustion of
paddy husks, and a diesel engine was used to power
the dryer fan. Temperature was monitored by mer-
cury thermometers inserted into the grain bed. Diesel
oil and rice husk consumption were recorded to eval-
uate total energy expenditure.

Pilot in-store dryer

A detachable container — 2 m wide, 2 m long,
and 2.5 m high — was built from plywood on a tim-
ber frame. The false floor was made of perforated
galvanised sheets and located 0.5 m from the bot-
tom, which made an 8 m” volume available for
grain above the false floor. The walls were covered
inside by 2 mm-thick plastic sheeting to prevent
heat loss and water penetration; and the walls in the
plenum chamber by galvanised sheets to increase
bin life.

A heater was constructed from six 600 W resist-
ances which were wired into four stages. Depending
on drying procedure and directed by relays, they
would be on or off, stage by stage to maintain the
required temperature in the plenum chamber. A cen-
trifugal fan was used to supply airflow. The whole
system was monitored by a control panel connected
to a micro computer. This panel provided both auto-
matic and manual control modes. In case of failure of
the computer or the interface cards, the system could
still function in manual mode. To measure power
consumption, a 1 kWh meter was installed for the
fan, and one for the heater. Safety devices were also
incorporated including a pressure switch and an over-
heating protecting sensor.

Due to a failure of circuits in automatic mode, tem-
perature in the plenum chamber was no longer moni-
tored by the computer. The system was shifted to
manual mode where a digital thermostat and T-type
thermocouple were used to control temperature.
Ambient air temperature and relative humidity were
recorded by a hygro-thermometer (Testo 610). Air-
flow rates were measured via static pressure in the
plenum chamber and fan curve.

The water removed was determined by weighing
grain before and after drying. Paddy moisture content
was measured by a resistance-type Kett moisture
meter. Samples were taken at different heights along
the bin walls using a double concentric tube sampling
device. Shade-dried samples were used as control
treatment in comparisons of milling quality between
different drying methods. All samples were coded
before being sent for examination at the Grain Qual-



ity Laboratory of the Farming System Center, Can-
Tho University.

One drying test with maize cobs was also con-
ducted as a preliminary test of the capacity of this
method in controlling aflatoxin content in maize har-
vested in the rainy season. Moisture content was
determined by air oven drying method. Control treat-
ments were threshed grain and maize cobs put in
shadow to compare the development of aflatoxin with
that in in-store dried maize cobs. Samples were sent
to the Food and Commoditics Control Center, Ho-
Chi-Minh City, to detect aflatoxin contamination by
thin-layer chromatography.

Scaled-up dryer

The results of two pilot tests (tests 1 and 2) encour-
aged the Directorate Board of the Song Hau State
Farm to agree on building an 80 t capacity in-store
dryer. This was considered as a prototype to test large-
scale drying and to confirm the result. The upper part
was 6 m wide, 12 m long, and 2.5 m deep from the
perforated-sheet false floor. This part was made of
detachable plywood-on-wooden frames, covered
inside by 3 mm-thick galvanised sheets. The 0.2 m
high plenum chamber was built from bricks and mor-
tar. A conduit ran close to one wall, and drying air
from a centrifugal fan, driven by a 11 kW electric
motor, moved sidewards into the plenum chamber and
upwards across the grain bed. A diesel oil burner was
used to supply heat, and temperature in the plenum
chamber was maintained by a digital thermostat and
T-type thermocouple. Oil and electricity consumption
were recorded to evaluate total energy expenditure.

Results and Discussion

First-stage drying using flat-bed dryer

Paddy with an initial moisture content of about
27% w.b. was dried to 19% w.b. after 4.23 hours of
fan running time at about 20 cm bed height. Including
mixing, loading, and unloading time, it would take
5.1 hours per batch, giving the ability to handle 3—4
batches per day if the dryer were operated continu-
ously. Energy consumption by the fan was 1.2 L/
hour; and for raising air temperature to around 50°C,
it took 28.3 kg paddy husk per hour (Table 1).

In-store drying of paddy

Pilot drying

Figure 1 graphs the reduction of moisture content
with time. The maximum differences of moisture
content between top and bottom layers were in the
range 0.91-1.7%. These differences, however,
occurred mainly by the top layer. In tests 2 and 3,
where the differences were greatest, the differences
between the layers next to the top one and the bottom
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one were around 0.5%. This suggests that a mixing
of the top layer, say 20-30 cm, with the next one
would help to ensure an even distribution of moisture
content in the grain mass.
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Figure 1. Moisture reduction with time: (a) Test 1; (b) Test
2; (c) Test 3; (d) Test 4.

Depending on the bed height and weather condi-
tions, it took 84-127 hours to reduce moisture content
from 18-21% w.b. to 14.3-15.2% w.b. At air velocities
from 9.6 to 10.8 m/minute and 29-30°C temperature,
the specific energy consumption was between 4.17 and
7.77 MJ/kg water (evaporated), using an electric
burner. During the autumn—summer season, with aver-
age ambient temperature around 27°C, and average
ambient relative humidity around 87% (Table 2), it
was necessary to raise ambient air temperature 2-3°C.
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Table 1.  Results of first -stage drying using flat-bed dryer.

Expt.no.  Initial wt. Bed height  Initial m.c.  Final m.c. Drying time (hours) Energy consumption Labour Paddy temp.
® (mm) (%wb.) (%w.b.) Total Fan running Diesel Paddy husk 0
Total (L) Rate (L/hour)  Total (kg)  Rate (kg/hour)
1 3.6 200 28.5 19.40 8.00 6.00 8.8 1.5 161 26.8 2 47-50
2 32 180 27.7 18.60 6.00 335 4.6 1.4 120 35.8 2 45-50
3 3.8 220 26.0 18.52 6.00 4.00 5.5 1.4 125 31.3 2 48-50
4 2.6 na 27.0 19.40 5.20 3.30 3.0 09 61 18.5 2 50-55
5 39 na 25.5 19.54 5.40 4.50 4.5 1.0 130 289 2 45-50

Average 34 26.9 19.09 6.12 4.23 5.3 1.2 101 28.3




The method of controlling temperature in the ple-
num chamber proved to be effective. The system
was reliable, easy to run by an unskilled operator,
relatively cheap and easily repaired in case of break-
down. This seemed to be quite suitable for medium
scale in-store dryer. For application on a larger
scale, other drying management strategies such as
relative humidity control, could offer a more eco-
nomic option. The cost of the system then, however,
will increase and a skilled operator is required to
monitor it.

Before turning into a storage facility after the dry-
ing period, an in-store dryer could also function as a
normal dryer. To maximise its drying capacity, two
levels of temperature could be applied. From the
beginning of drying processes, a relative high tem-
perature was used until the bottom layer reached 15%
w.b. Then, second level of temperature, 29°C, in tests
3 and 4, was applied for the remaining drying time.
This method was strongly recommended when drying

relative wet paddy, say more than 19% w.b., and in
grain beds deeper than 2 m, to prevent yellowing of
grain due to long drying period.

Milling quality in terms of head rice was compared
between in-store drying and shade drying (Tables 3
and 4). Except for test no. 1, head rice recovery of in-
store dried samples appeared to be higher than those
of shade-dried ones. This could be due to wet weather
during those days. It took a long time for samples put
in shadow to reach equilibrium conditions and some
spoilage could occur.

Scale-up drying

Moisture reduction with time is plotted in Figure 2.
Air velocity in these experiments was around 4.4 m/
minute. Total drying time was prolonged: 96 hours
and 127 hours for 1.1 and 1.8 m bed depths, respec-
tively; but specific energy consumption was some-
what lower, about 4.93 MJ/kg water evaporated
(Table 5). It should be noted that if heater efficiency

Table 2.  Results of pilot in-store drying of paddy at Song Hau State Farm in 1994.
Measurement Test number
1 2 3 4

Drying period 16-21 June 25-30 June 07-14 July 20-27 July
Weight (kg)

Initial 3277.0 41443 4500.0 3440 & 10107

Final 3039.9 3784.7 4300.2 4121

Water removed 237.1 359.6 199.8 329
Moisture content (% w.b.)

Initial 19.04 20.34 18.9 21.12& 17.9*

Final 14.25 14.38 15.06 14.94
Height of drying bed (m) 1.4 1.7 1.9 1.40 &1 .45
Total drying time (hour) 84 89.5 1135 127
Total energy consumption

Fan (kWh) 109.2 116.3 152 164

Resistance heater (kWh) 198.2 321 279 218
Specific energy consumption (MJ/kg water evap.)

Fan 1.66 1.16 2.74 1.79

Resistance heater 3.01 3.21 5.03 2.38

Total 4.67 437 7.77 4.17
Set temperature (°C) 30 30 32 &29° 32&29°
Air velocity (m/minute) 10.8 na 9.6 9.4
Avg. amb. temperature (°C) 27.87 27.58 27.58 26.43
Avg. relative humidity (%) 84.03 87.36 87.36 89.28

Notes: ?1n batch no. 4, paddy was loaded two layers into the bin, the figures indicate two loadings
® Two temperatures were applied: 32°C from starting until the bottom layer reached about 15% w.b; 29°C: during the remain-

ing drying time.
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was taken into account, scale-up tests consumed even
less energy for each unit of product since efficiency
of a diesel oil burner is lower than that of electric one.
The differences between top and bottom layers were
1.13% and 0.85% for tests 5 and 6, respectively.
Average head rice recovery of shade and in-store

dried samples is presented in Table 4. It was also
observed in all tests that the appearance of rice dried
in-store was quite acceptable to quality control offic-
ers of Song Hau State Farm.

In-store drying of maize cobs

Table 6 gives the results of the in-store drying test
for maize cobs. Using drying air at 30°C, it took 176

Table 3. .Average head rice recovery (%) of control and hours to reduce moisture content of maize cobs from
in-store samples of pilot tests.
Method of drying  Testno. Testno. Testno. Testno.
1 2 3 4 Table 4. Average head rice recovery (%) of control and

Shade drying s12 558 517 488 in-store samples of scale-up tests.

In-store drying Method of drying Test no. 5 Test no. 6

position of layer Shade drying na 45.4
15cm 522 58.8 55.5 50.8 In-store drying
65 cm 50.5 593 573 54.2 position of layer
115cm 47.7 57.3 57.2 520 20 cm na 46.2
165 cm - - 55.0 533 120 cm na 48.8
surface 51.0 575 54.0 50.5 180 cm na 413

Table 5. Results of scale-up drying of paddy at Song Hau State Farm in 1994.

Measurement Test number

5 6

Drying period 11-18 August 02-09 Sep.

Weight (kg)
Initial 49732 72100
Final 47340 68641
Water removed 2392 3459

Moisture content (% w.b.)
Initial 18.64 18.41
Final 14.53 14.51

Height of drying bed (m) 1.1 1.8

Total drying time (hours) 96 157

Total energy consumption
Fan (kWh) 960 1570
Diesel oil (L) 212 345

Specific energy consumption (MJ/kg water evap.)
Fan 1.45 1.63
Diesel oil 3.19 3.59
Total 4.64 522

Set temperature (°C) 32&29% 32 & 29*

Air velocity (m/minute) na 4.4

2 Two temperatures were applied: 32°C:from starting until the bottom layer reached about 15% w.b.; 29°C: during the remaining

drying time.
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29.35 to 15.25% w.b. Although it was dried four days Conclusions
after harvest, aflatoxin contamination of in-store dried
samples was less than in the two control treatments. Two-stage drying technology with in-store drying as
the second stage was applied for the first time in
southern Vietnam. It was tested in the wettest season
19 - @ = 110 cm . .
e 80cm in the Mekong Delta. The results of paddy drying
4 50cm showed, nevertheless, that this method is technically
feasible for reducing grain moisture content to safe
levels. In addition, quality of grain was improved in
terms of increased head rice recovery and no adverse
effect on grain colour. This is of great importance at a
time of great potential for expansion of production of
high quality and fragrant rice in the Mekong Delta.
In-store drying could also become an appropriate

Moisture content (%w.b.)

Drying time (hours)

- = 50 cm technique in the rainy season to control aflatoxin con-

2 e 180 cm tamination of maize.

) 4 150 cm The following activities are planned to fully evalu-
E ¢ 100 cm ate the technique under Vietnamese conditions:

5 » Application of two-stage drying during the next
; winter-spring harvest season

2 : . \ . « Collection of further data bearing on the economic
2 83 95 107 118 131 146 157 feasibility of the method.

Drying time (hours) « Intensive experiments on maize drying, especially

Figure 2. Moisture reduction with time: (a) Test 5; (b) Test 6. in the rainy season, to confirm the ability of this

method to control aflatoxin development.

Table 6. Experimental conditions and results of in-store drying test on maize cobs.

Maize variety DK-888
Planting location Dong Nai province
Date of harvest 18 September, 1994
Date of drying beginning 22 September, 1994
Weight (maize cobs) (kg) initial 4232
final 3354
Moisture content (% w.b.)
Threshed grain initial 29.35
final 15.25
Cobs initial 46.51
final 18.55
Total drying time (hours) 176
Drying temperature (°C) 30
Ambient temperature (°C) 26-32
Ambient relative humidity (%) 65-95
Air velocity (m/minute) na

Result of aflatoxin determination

Moisture content (% w.b.) Aflatoxin (ppb)
Shade drying threshed grain 149 750
In-store drying maize cobs 14.7 40
Shade drying maize cobs 18.4 80
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Pest Management in Stored Grain

M. Bengston*

Abstract

Losses due to pest infestation in stored grain vary widely. They are greatest in warm countries, but probably
average 10% worldwide. Good storage practices — grain hygiene, and reduction in grain temperature and

grain moisture -— are fundamental to pest control.

In Australia, around 70% of grain is fumigated, chiefly with phosphine either in sealed storages which
permit prolonged exposures to lethal concentrations (1 week minimum) or in a continuous application sys-
tem which also permits prolonged exposures. Methyl bromide and carbon dioxide are used to a lesser extent.
Around 30% of the grain is treated with grain protectant insecticides, currently chlorpyrifos-methyl plus

methoprene.

LossEs due to pests in stored grain vary widely but
are more serious in tropical climates and probably
average around 10% worldwide. Specific estimates of
losses include: maize 11% after 8 months storage and
paddy 5% after 7 months in the Philippines (Caliboso
et al. 1986); milled rice 0.5-2.0% after 6 months in
Indonesia (Sidik et al. 1986); paddy 3-6.8% after 3—
12 months, milled rice 5-14.2% in Malaysia (Muda
1986). A higher standard of pest control is generally
applied in grain traded internationally than in grain
for local consumption.

In Australia, grain production is around 25 Mt per
year and comprises chiefly wheat, barley, oats, sor-
ghum, and maize. The grain is handled in bulk and
70% is exported. The standard of pest control is very
high so that actual losses are negligible and govern-
ment regulations impose a nil tolerance for live
insects in export grain.

Grain Hygiene

Grain hygiene, which aims to minimise the insect
pest population at the commencement of storage,
remains a fundamental aspect of pest control. Grain
stores should be emptied and physically cleaned
using grain handling machinery followed by use of
shovels, brooms, etc. supplemented as appropriate by

* Department of Primary Industries, 80 Meiers Road,
Indooroopilly, Queensland 4068, Australia.
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the use of air-blowers and vacuum. One practical
aspect which is often overlooked is the prompt
destruction or disposal of residues away from the
storage site.

The cleaned empty store is then treated with struc-
tural treatments. The treatments most commonly used
in Australia are listed in Table 1.

Table 1. Store fabric treatments currently used in
Australia.

Treatment Application rate
fenitrothion 1% plus carbaryl 1% 5 1L/100 m?
or

azamethiphos 0.5% 5L/100 m?
or

activated amorphous silica, dry 200 g/100 m?
activated amorphous silica, slurry 600 g/100 m?

The spray combination of fenitrothion plus carba-
ryl is the cheapest treatment and is used in areas
where insect resistance is not severe. Azamethiphos
is currently effective against resistant insects and is
persistent on concrete, but is more expensive. The
activated amorphous silica is produced by treating
diatomaceous earth with silica aerogels. It may be



applied as a dust, but in larger stores is conveniently
sprayed as a slurry. It has a major advantage in being
unlikely to produce cross-resistance to protectants or
fumigants and is thus a useful tool in use in resist-
ance-management strategies.

Grain Temperature

Lowering grain temperature reduces the rate at which
insect pest populations increase. Concrete structures
have better insulating properties than metal ones and
in many situations result in lower grain temperatures,
especially in the peripheral region of the storage.
Painting metal storages white reduces temperatures in
the grain headspace by around 10°C.

Grain aeration using ambient air lowers grain tem-
peratures but the results clearly depend on ambient
conditions. The objective is to lower temperature to
15°C, at which insect population growth is negligible.
More recently it has been recognised that wet-bulb
temperature is linearly related to population growth
rate, so that for dry grain (wheat at 9%) a dry bulb of
27°C is equivalent to a wet-bulb temperature of 14°C
(Desmarchelier 1988).

In Australia, grain aeration alone will not com-
pletely control insects and it has typically been used
in combination with the application of grain protect-
ants. The number of insect generations per year, and
hence the rate of selection for insect resistance, are
reduced. In addition, the rate of decay of residual pes-
ticides is reduced (Desmarchelier et al, 1979) so that
the rate of application and hence the cost are also
reduced.

Grain aeration using refrigerated air has been suc-
cessfully tested on an experimental basis (Elder et al.
1975, 1984) but is used on only a very small scale
because the costs of the insulation needed for stor-
ages are high.

Cool storage at temperatures below 10°C is highly
effective for insect pest control. However, the costs
are such that it is used only where it is required for
other purposes, such as maintenance of buffer stocks
of shelled peanuts or in the preservation of germina-
tion of high value seeds.

Disinfestation of grain at high temperatures has
been successfully tested on an experimental basis
(Clafin et al. 1986; Sutherland et al. 1989). Grain is
heated briefly, e.g. an air temperature of 80°C for 4
minutes giving a surface temperature on wheat of
65°C, and then cooled rapidly so that quality is unaf-
fected. A continuous-flow, fluidised bed has been
used at rates up to 180 t/hour.

Grain Moisture

Lowering grain moisture reduces the rate of increase
of insect pests but the upper limit for prolonged stor-
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age, i.e. an equilibrium relative humidity of 70%, is
set by the need to prevent spoilage by mites or fungi.
Most Australian grain is harvested at a low grain
moisture content, and only 10% requires artificial
drying. The maximum grain moisture limit for wheat
entering central storage is 12%. Other grains such as
sorghum and rice, when harvested in the Australian
autumn generally require artificial drying.

Studies have shown that the potency of grain pro-
tectants is significantly reduced when they are
applied to moist grain (Samson et al. 1987). In prac-
tice it is important that grain be dried before treat-
ment with grain protectants.

Fumigation

Fumigation is the major technique used for pest con-
trol in stored grain in Australia, with an estimated
70% of grain currently being fumigated. Phosphine is
the major fumigant and most is generated from alu-
minium phosphide. Major emphasis is now placed on
ensuring that storages are gastight, and preferably
this is verified using a pressure decay test. Phosphine
is much more effective with long exposure times than
short ones and recent recommendations specify a
minimum of 7 days (Table 2).

Table 2. Application rates for phosphine (g/m®) for
commodities with low sorption held in sealed
storages at temperatures above 20°C.

Storage Exposure period in days

capacit;

Py 10 14 21 28
< 1000t 2.0 1.0 0.75 - -

> 1000t na 2.5 2.0 1.5 1.5

In addition the application rate must be increased
for commodities with high sorption. For those with
moderate sorption, i.e. oats, soybeans, faba beans,
triticale, canola, safflower, and field peas, the doses
are increased by a factor of 2. For those with high
sorption, i.e. paddy rice, sunflower, grain legumes-in-
shell, peanuts, and peanuts-in-shell, the doses are
increased by a factor of 3.

In storages with a lesser degree of gastightness a
continuous application system for phosphine (e.g.
SIROFLO®) may be used (Winks 1993; Winks and
Russell 1994a,b). Gas is released slowly from cylin-
ders containing 2% phosphine in carbon dioxide and
is pushed along with external air into the storage so
that all leaks are outwards. The minimum phosphine
concentrations are 0.05 g/m3 for 14 days or 0.02 g/m3
for 28 days.



A low level of phosphine resistance is now wide-
spread in Australia (White and Lambkin 1990) but is
not sufficiently serious to cause failure of fumigation
under good conditions. Much higher levels of phos-
phine resistance have been recorded in Asia (Tyler et
al. 1983; Liang 1994). Urgent steps are necessary to
delay its further development.

Methyl bromide is used for rapid disinfestation of
grain with an application rate of 24-32 g/m3 for 24
hours at temperatures above 15°C. These rates may
be revised downwards. Use of methyl bromide is
expected to be phased out by the year 2000 in view of
its implication in ozone depletion of the atmosphere.

Carbon dioxide is used as a fumigant in only a few
specialised situations, such as the treatment of grain
destined for the ‘organic’ food market. The applica-
tion rate must attain a minimum concentration of
35% after 2 weeks.

Grain Protectants

Around 30% of grain in Australia is treated by spray-
ing with grain protectant insecticides during intake to
storage. Widespread use of grain protectants com-
menced in the 1960s following the recognition that
malathion had properties suitable for this purpose
(Strong and Sbur 1960, 1961; Floyd 1961; Bang and
Floyd 1962). Many workers in many countries contrib-
uted to its development. In Australia it was used to pro-
tect virtually all grain and was highly successful in
reducing overall infestation levels. Dichlorvos was
developed and introduced soon after and has many
properties complementary to malathion. It has a short
residual life and, when incorporated into the grain
stream, it is useful for disinfesting grain without pro-
ducing high residues (Godavaribai et al. 1960; Green
and Tyler 1966; Champ et al. 1969; Desmarchelier et
al. 1977). It is particularly effective against species of
Lepidoptera and for that purpose may conveniently be
applied as slow-release strips (Conway 1966; La Hue
1969; McFarlane 1970) or aerosols (Bengston 1976).

By the 1970s malathion resistance developed in
many countries (Champ and Dyte 1976). The severity
of the resistance was related to the extent of its use. In
Australia, where use had been almost universal,
malathion was totally ineffective for the purposes of
practical control. In China, where malathion was not
readily available for widespread use, it is currently
still effective in many situations.

With the development of malathion resistance in
Australia no single compound provided control of the
resistant strains, and combinations of pesticides were
introduced. Most species were controlled by chlor-
pyrifos-methyl (Bengston et al. 1975; Morallo Reje-
sus and Carino 1976a,b; La Hue 1977a,b; Quinlan et
al. 1979), fenitrothion (Champ et al. 1969; Bengston
et al. 1980), or pirimiphos-methyl (Bengston et al.
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1975; La Hue 1975, 1977b; McDonald and Gillenwa-
ter 1976; Quinlan et al. 1980). These were widely
used in Australia and many other countries. The sig-
nificant exception to effective control was Rhyzoper-
tha dominica. Either natural pyrethrins or a synthetic
pyrethroid, bioresmethrin (Bengston et al. 1975, 1980,
1983a), or deltamethrin (Bengston et al. 1983b, 1984),
or fenvalerate (Bengston et al. 1983a, 1984), or IR-
phenothrin (Bengston et al. 1983b, 1984), or the car-
bamate carbaryl (Bengston et al. 1980, 1983a; Davies
and Desmarchelier 1981), must be used. All the syn-
thetic pyrethroid materials are synergised by the addi-
tion of piperonyl butoxide (Bengston 1979). In some
areas in Australia resistance has developed in Rhyzop-
ertha dominica to the synthetic pyrethroid insecticides
and methoprene has proved effective (Amos and Wil-
liams 1977; Bengston and Strange 1994).

Resistance to each of these insecticides except
methoprene is now present in some regions. To delay
its further development the use of particular insecti-
cides is changed each two years. The use in Queens-
land for most grains in 1994-95 is chlorpyrifos-
methyl 10 mg/kg plus methoprene 1.0 mg/kg for 3-9
months storage and half this rate for up to 3 months
storage.

Future Developments

The major threat to current pest control technologies is
the development of resistance, which will make the par-
ticular technology more expensive or else ineffective.
Of particular significance is resistance to fumigants
which constitute thc most practicable means of pest
control in many situations. Clearly, we need to under-
stand how this occurs and then to implement measures
to delay the further development of resistance.

In addition, as pest control measures become more
complex and the need for integration into the storage
management system more evident we can use micro-
computer technology to develop computer-based
decision-support systems which will make available
expert advice to personnel implementing the pest
control measures.
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Research and Development on Pest Management in
Stored Food Grains in Vietnam

Hoang Ho*

Abstract

This paper summarises the main features of grain storage pest management in Vietnam and current research
directions in pest management in the Post Harvest Technology Institute. The latter include studies on pes-
ticide resistance, application of Bacillus thuringiensis, rodent control, and use of ultra high frequency for

pest control in small-scale storage.

VIETNAM’S Post Harvest Technology Institute origi-
nated in the Vietnam Food-Grains Storage Branch,
established in 1954 as a successor to the Central
Food Warehouse. The branch subsequently became
the Bureau of Food-Grains Storage, part of the
Department of Food. Some of its staff were trained
in China.

From 1960 to 1965, the Bureau of Food-Grains
Storage managed research and technical operations in
this field throughout Vietnam. In 1970, the Food
Research Institute was established, with a research
function only. It was renamed the Post Harvest Tech-
nology Institute (PHTT) in 1989.

Pests occurring in warehouses in Vietnam include
microorganisms, stored-products insects, termites,
and rodents. This paper focuses on the last three
groups.

Survey of Insect Pests in Food Grain
Storages

Before 1954, the French colonial administration had
conducted some preliminary surveys on insect pests
in food grain storages. However, it was not until
1961-1972 for the north and 1982-1984 for the
whole country, that extensive surveys on insect pests
in food grain storages were carried out. Conse-
quently, 43 species have been discovered: Coleop-
tera, 28 species; Lepidoptera, 9; Acarina, 4; and
Blattodea, 2.

* Post Harvest Technology Institute, 4 Ngo-Quyen Street,
Hoan Kien District, Hanoi, Vietnam.
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Pest Management Techniques for
Food Grain Storage

Techniques used for pest management for food grain
storage in Vietnam are similar to those used in devel-
oped countries.

From 1954-1960 the strategy was pest prevention
through disinfestation.

In 1970 an integrated pest management (IPM)
approach was adopted.

Regulations covering food grain storages were
introduced in 1972. They emphasise pest prevention
and disinfestation for food grain storages as follows:
« Paddy for storage in warehouses must be dry,

mature, and free from pest insects and foreign

materials

e Three days before loading, warehouses must be
cleaned and treated with pesticide

¢ During storage, if the density of insect pests

(Sitophilus, Sitotroga, Rhyzopertha etc.) reaches 10

individuals/kg paddy disinfestation techniques

must be applied.

Chemical pesticides

Chemical pesticides continue to play a major role
in pest prevention and disinfestation in food grain
storages in Vietnam. The main chemical protectants
used before 1960 included DDT and BHC. Use of
DDT was banned in 1961, and application of BHC to
stored food grains was not permitted after 1964. Use
of methyl parathion, introduced in 1965, was banned
in 1970.

Before 1964, trichloronitrile (CCI;NO,) and
methyl bromide (CH;Br) were widely used as



fumigants for stored paddy, rice, maize, and wheat
flour. CCI;NO, was withdrawn from use on wheat
flour and rice in 1965. CH;Br has not been used since
1970, though it remains available.

Phosphine (PH;) has been the most popular fumi-
gant for food grains in Vietnam since 1965, gener-
ally generated from aluminium phosphide (AIP)
formulations made in China, Germany, or Vietnam.
Research by PHTT indicates that if high quantities of
AlP made in China or Vietnam are to be used it
should be done in combination with carbon dioxide
(CO,) and in airtight storages to avoid combustion
of PH,.

Natural pesticides

Natural pesticides from the plant kingdom have
been used in food grain storage. There has been con-
siderable research on, for example, use of tobacco
and beadtree leaves. However, these materials are
practical for food grain storage at family household
level only.

Quarantine pests

The quarantine pest Trogoderma granarium has,
up to now, not been found in Vietnam. In 1979-1981,
the Plant Protection Department discovered T. grana-
rium in food grain warehouses in Sihanouk-Port,
Phnom-Penh, Cambodia. Vietnamese and Cambodian
authorities worked together to deal with the problem.
Mr Vu Huy Tien and Mr Hoang Ho were stationed in
Phnom-Penh for several months to eliminate T. gra-
narium from infested food grains. They had to apply
a dosage of PH; 1.5-2 times higher than for other
insect pests in order to eliminate the infestation.

Protection by rice husks

Another IPM method, unique to Vietnam, has
been developed by Bui Huy Thanh and Hoang Ho
(1970-1980). They used rice husks to cover the sur-
face of paddy in bulk storage to prevent insect con-
tamination. This method proved very effective, but
is economically impractical due to high labour
costs.
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Bacillus thuringiensis

PHTI is currently researching production of the
biopesticide Bacillus thuringiensis (BT) for use in
food grains storage. BT has been applied to 300 t
paddy for testing. Preliminary results show that it is
effective against the moth Sirotroga cerealella.

Rodent Prevention and Elimination

The most common rodents occurring in food grain
warehouses in Vietnam are Rattus norvegicus, R. fla-
vipectus, and Mus muculus.

Both zinc phosphide and Warfarin have been used
as rodenticides. The bio-rodenticide Samocumarin
(made in Cuba) was tested in Vietnam in 1993.

The prevention of rodents in warchouses has been
given much attention, especially in the National Food
Storage System.

Termite Prevention and Elimination

About 80% of warehouses in Vietnam have been

infested by Coprotermes termites. In an FAO-sup-

ported project (TCP/VIE/6658, 1987) termite preven-

tion and elimination studies were conducted by

various institutions including PHTI. The main find-

ings of the PHTI research were:

» Coptotermes nests may be up to 2 m above the
ground (in the roof or the 2nd fioor)

« Coptotermes nests found in Vietnam are smaller
than those found elsewhere.

» In the Red River Delta, Coptotermes nests are no
more than 0.5 m from the surface.

Current Research at the PHTI

Major food grain pest management research topics in

PHTI are:

+ pesticide resistance of insect pests;

« application of BT (made by PHTI) for food grain
storage throughout the country;

¢ domestic production of Samocumanin for rodent
elimination; and

» research on UHF (ultra high frequency) for pest
prevention and elimination in small capacity ware-
houses.



The Mycotoxin Problem and Its Management in
Grain in Vietnam

Le Van To and Tran Van An*

Abstract

The warm, humid climate of Vietnam is conducive to the rapid development of fungi in stored commodities,

especially in the rainy season.

Research by the Food and Commodities Control Center on the fungi found on cereal grains in Vietnam
has identified Aspergillus species as the most common, followed by Penicillium species. Among nine
strains of A. flavus isolated from fungal-contaminated grain, four were found to be producing aflatoxins to
varying degrees. Four strains of A. parasiticus were also producing aflatoxins.

High levels of aflatoxins have been found in some samples of cereal-based foods and animal feeds. The
aflatoxin content of maize varies with season and length of storage, whereas levels of aflatoxin in groundnut
cake are always high. Practical measures for protection of grain and detoxification of groundnut cake are

being sought.

Simple procedures for the determination of water activity in agricultural products, and for field analysis
of aflatoxin (e.g. BGYF and mini column tests) are being promoted in warehouses and on farms by agricul-

tural extension.

MORE than 11 Mt of cereals are produced each year
in the Mekong Delta of Vietnam. This figure repre-
sents about half of the country’s cereal production.
State warehouses can accommodate only 20% of pro-
duction and almost all are located in the cities. This
means that about 80% of cereal production is stored
in primitive warehouses.

The hot, humid climate and shortage of appropriate
storage techniques has led to significant postharvest
losses.

We look first in this paper at the characteristics of
climate and cultivation practices on the southern
plain to identify the causes of postharvest problems in
southern Vietnam.

* Food and Commodities Control Center, 135 Pasteur
Street, 3 District, Ho-Chi-Minh City, Vietnam.
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Climate and Cereal Production in
Southern Vietnam

Unlike northern Vietnam, the southern plain has two
distinct seasons: dry and rainy. The rainy season
begins in mid May and runs to the middle of Novem-
ber, but is wettest in June-October when there are
more than 15 days a month when the rainfall is 200
270 mm. It does not rain continuously every day but
intermittently (Fig. 1).

Air humidity is highest (>84%) from June to Octo-
ber. An analysis of daily variation in air humidity
reveals that the humidity of the air is generally lowest
(<70%) from 1000 to 1700 h and highest (up to
100%) between 2200 and 0600 h. Temperatures are
lowest between midnight and dawn.

Many kinds of cereals are harvested during the
rainy season (Fig. 2): rice, 4 Mt; maize, 280 kt; soy-
beans, 30 kt; groundnuts , 72 kt; and green beans.
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Figure 1. Annual distribution of rainfall in southern Vietnam.

According to 1993 statistics, up to 78% of Viet-
namese farmer houscholds had average monthly
incomes of only US$5-10/person. Ordinary farmers
therefore cannot afford dryers, so cereal drying
depends mainly on sun drying.

There are about 450 flat-bed dryers, some of them
large, as in Tra Noc, Cai Rang (Can-Tho), and Satake
factory (HCMC), but they meet only a small part of
cereal-drying needs in the Mekong Delta.

To reduce postharvest losses, cspecially in the rainy
season, Vietnamese farmers have implemented the
following measures.

« Roofed, multistorey drying yards that are covered
by nylon sheets during rainy periods.

» During periods of high air humidity at night, the
doors of warehouses are closed tightly to avoid
water vapour penctrating the grain mass. From
1000-1600 h, when it is sunny and air humidity is
low, the doors are kept open.

« Ventilation or hot-air ventilation is applied to dry
grains in bags.

Through the interconnected system of rivers and
canals, agricultural produce is transported mainly by
boat, barge, and lighter. It is therefore necessary to
locate small dryers along the banks of the rivers and
canals, or to manufacture mobile dryers on trucks or
barges to provide drying services.

Grain Mycoflora and Mycotoxins
in Vietnam

As a result of tropical climatic conditions, harvesting
in the rainy season, and shortage of warehouses and
appropriate means for drying, the postharvest losses
in Vietnam, especially in the rainy season, are high.
Moulding is responsible for a relatively high propor-
tion of these losses.
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There have been many incidences of poisoning of
domestic livestock in Vietnam in recent years as a
result of consumption of feeds contaminated by
moulds. The problem of moulds and their toxins is
particularly serious and, following a symposium on
animal feeds in southern provinces in 1991, the sub-
ject of aflatoxin in feeds is drawing official concern.
For example, the Ho-Chi-Minh City Agriculture
Department has prohibited inclusion of groundnut oil
cake in animal feeds.

In Vietnam since the [960s there have been various
studies of mycoflora developing on agricultural pro-
duce. Some of the results obtained are given in the
sections to follow.

Mycoflora on paddy

Table 1 lists the species of fungi isolated from 500
samples of paddy rice examined.

The gencra Aspergillus, Penicillium, and Mucor-
ales have usually appeared on 80-100% of samples
examined. In addition, there have also been less fre-
quent occurrences of species of Fusarium, Sporotri-
chum, Trichoderma, and other genera.

Mycoflora on milled rice

Table 2 lists the species commonly found on milled
rice in Vietnam.

As on paddy, Aspergillus specics are the most
important on rice, followed by species of Penicillium
and Mucor. These fungi have been observed on 60—
100% of samples examined.

Among Aspergilli, A. flavus accounted for 20—
30%, A. candidus 35-45%, and A. nidulans 10-15%
of species isolated. Interestingly, during our research
aflatoxin has not been found on well-milled, stored
rice.
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Table 1.

Mycoflora of Vietnamese paddy.

Table 3.

Mycoflora of Vietnamese maize.

Aspergillus flavus Penicillium chrysogenum Aspergillus parasiticus Penicillium cyclopium
A. candidus P. rugulosum A. flavus P. rubrum
A niger P. citrinum A. wentii P. viridicafum
A. ochraceus Rhizopus nigricans A. candidus Fusarium graminearum
A. fumigatus Mucor spp. F. roseum
A. nidulans
A. versicolor
Table 2. Mycoflora of Vietnamese milled rice. Table 4. Mycoflora of Vietnamese groundnuts.
A illus fla Penicilli Citri
sperng;; ;s Savus Pemu ium citrinum No. Species Ratio (%)
A. ] . i !
C‘_I 1aus Jrequentans 1 Aspergillus glaucus group: A. 46.5
A. niger P. chrysogenum chevalieri, A. amstelodami
A. fumigatus P. rugulosum 2 A. flavus 75
A. clavatus Mucor spp. 3 A. niger 5.0
A. nidulans Cladosporium sp. 4 A. candidus 40
A. ustus Fusarium sp. 5 A. wentii 4.0
A. versicolor Helminthosporium sp. 6 A. orizae 4.0
A. restrictus Hormodendrum sp. 7 A. sydowi 25
A. tamarii Monilia sp. 8 A. tamarii 1.5
A. rubruni Sporotrichum sp. 9 A. terricola 1.5
A. glaucus group Syncephalastrum sp. 10 A. asperescens 1.5
A. wentii Trichoderma sp. 11 A. awamorii 1.5
Trichothecium sp. 12 A. aculeatum 1.0
13 A. echinulatus 1.0
Mycoflora on maize 14 A. flavipes 1.0
Table 3 lists the fungal species isolated from maize 15 A. nidulans 1.0
in Vietnam. s Lo 16 A. sulfureus 1.0
The most common were Aspergilli and Penicillia.
It is noteworthy that the proportion of Aspergillus fla- 17 A. ustus 1.0
vus contamination on dry maize was 9-13%; but on 18 A. versicolor 1.0
poorly-stored, wet maize, it was up to 25-30%. 19 A. vinaceus 1.0
The research has revealed a high proportion of afla- - ,
toxin contamination in maize, especially in the rainy 2 Penicillium corylophilum 1.0
season. Aspergillus wentii produces the mycotoxin, 21 P. decumbens 1.5
emodin. 22 P. charlesii 1.5
Mycoflora on groundnut kernels 23 P citrinum 1.0
. Lo 24 P. frequentans 1.0
Table 4 lists the 32 species isolated from 120 sam- .
ples of mould-contaminated groundnuts. 5 P. piscarum 1.0
Table 4 shows that Aspergilli were dominant on the 26 P. steckii 1.0
groundnut samples examined. The 20 species 27 P. velutinum 1.0
occurred in just over 88% of mould-contaminated ) .
samples. Penicillia occurred in about 8% of samples 8 Mycelia steritia 1o
and the four remaining species in only about 3%. 29 Scopulariopsis sp. 1.0
Considering Aspergilli separately, the A. glaucus 30 Spicaria sp. 1.0
rred i 47% mples, with A. fla-
group occurred in about 47% of samp fla 31 Trichoderma lignorum 1.0

vus taking second place.
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Aflatoxin content

It was shown that Aspergilli are the predominant
species of fungi occurring on all stored products
examined in Vietnam: paddy, rice, maize, and
groundnuts. This agrees with findings from else-
where. Aspergilli develop well in tropical climates,
whereas in temperate climates Penicillia predomi-
nate.

The presence of Aspergillus flavus does not neces-
sarily mean that aflatoxins are produced. In our
research, in 9 varieties of A. flavus isolated, 6 pro-
duced aflatoxin at various levels, while the remaining
3 did not (Table 5). On the other hand, all varieties of
A. parasiticus isolated produced aflatoxin.

The aflatoxin content of maize varied with the
duration of mould contamination and the extent of
weevil infestation (Table 6). A strong interrelation-
ship was noted between moisture content, and degree
of moulding and insect infestation.

Table 5. Production of aflatoxins by various strains of

Aspergillus flavus Link et Fies isolated.

Number of strain Production of aflatoxin

(mg/100 mL medium)
IVP 6.5
1P 6.85
P.13-75 5.42
AC.10 3.7
AF3.74 1.6
AZ.{ 2.3
AP.19 0
ACS5 0
AC.10 0
Table 6. Aflatoxin content produced by Aspergillus flavus

in maize.

Storage duration Degree of contamination

(months) Aflatoxin (ppb) Weevily (%)
0 15 0
2 25 ) 8
4 85 27
6 135 42

Table 7 gives average concentrations of aflatoxins
found in agricultural products in southern Vietnam.
The aflatoxin content in materials for animal feeds
varies with the season. The rainy season is conducive
to the development of mould, and aflatoxin content
increases markedly (Table 8).
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Table 7.  Aflatoxin content in some agricultural products
in South Vietnam (average of 10-15 samples).
No. Agricultural produce Average (ppb)
01 Groundnut oil cake 1140
02  Yellow maize (for animal feed) 255
03  Mixed animal feed 105
04  Coconut oil cake 55
05  Rice bran 30
06  Fish powder (for animal feed) 35
07  Sesame oil cake 10
08  Refined groundnut oil 05
09  Soy bean 25
10 Soya oil cake 10
1 White rice 05
12 Broken rice 20
13 Cashew kemnel 15
14  Wheat flour 05
Table 8. Seasonal variation in aflatoxin content of
animal feeds.
Season and Number Average Maximum
commodity of samples (ppb) (ppb)
Rainy season
Groundnut oil 17 1520 5000
cake
Yellow maize
(for animal feed) 16 290 750
Dry season
Groundnut oil 18 525 1160
cake
Yellow maize 15 120 450

(for animal feed)

There is no measurable difference among three
aflatoxin-analysing methods: TLKC, mini-column,
and BGYF (Bright Green Yellow Fluorescence test).
Because of their simplicity and cheapness, we have
publicised the mini-column and BGYF methods, and
the water activity test (a,,) to farmers and breeding
farms.

Protective Measures

Measures for protecting agricultural produce from
moulds and mycotoxins in rural Vietnam include the
following:

« Storage under carbon dioxide in a plastic enclosure



« Use of simple water absorbers such as quicklime
» Storage of produce in warehouses made from clay
mixed with rice husk and straw.

To protect fresh maize which is not dried in time,
we experimented with a mould-preventing chemical
substance (‘Mycox’) available in Vietnam, with
promising results (Table 9).

Table 9. Aflatoxin content in maize at various times after
treatment with a mould-inhibiting chemical.
Using this treatment, maize colour remained
unchanged after 40 days, and the grain could be
dried for animal feed. The treatment costs about

USSI5/t.
Duration of Aflatoxin content (ppb)
preservation 0% ‘M  hop " 30 M s
(days) o ‘Mycox’ 2% ‘Mycox’ 3% ‘Mycox
7 300 20 20
14 1100 20 20
21 1400 35 40

Eliminating Aflatoxin from
Groundnut QOil Cake

To decontaminate groundnut oil cake containing high
levels of aflatoxin, we have experimented with
ammonia treatment at normal temperature and pres-
sure. Table 10 gives the primary results after 15 days
of such treatment.

Table 10. Aflatoxin content in groundnut oil cake before
and after treatment.

Sample Mass (kg) Aflatoxin content (ppb)
Before treatment  After treatment
| 20 400 <100
2 20 3000 <100
3 30 1500 <100
4 10 1000 <100
5 25 1800 <100
Conclusions

Like many other tropical countries, the climate in Viet-
nam is hot and humid, particularly in the rainy season,
and is very favourable for moulds and insects develop-
ing, causing large postharvest loss.

Investigations of the mycoflora of stored products
have shown that there are various common fungal con-
taminants, of which the Aspergilli are generally pre-
dominant.
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Moulds invading food and feedstuffs produce a
range of toxins, the most siginificant of which are
aflatoxins. Aflatoxin content in some kinds of grain
and animal feeds in Vietnam is very high. The best
measure to prevent fungal invasion is drying to a safe
moisture content. Solution of the mycotoxin problem
therefore requires implementation of grain drying
policies and practices appropriate to farm-level
application in Vietnam.
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Quality Maintenance in Fruit and Vegetables



Fruit and Vegetable Postharvest Handling Practices in Vietnam

Nguyen Cong Hoan*

Abstract

This paper gives an overview of postharvest handling practices for fruit and vegetables in Vietnam and re-
lated aspects of production and consumption. Specific postharvest topics are: management; growing and
harvesting times; maturity and ripening; harvesting; packing house operations; and storage and shelf life.

FrUIT and vegetables rank second only to rice in
Vietnam in terms of production area and domestic
food consumption. They therefore play a very impor-
tant role in Vietnamese life and society.

Vietnam stretches almost 2000 km from north to
south, embracing climatic regions from tropical in the
south, to subtropical in the north, and temperate in the
highlands. The range of fruit and vegetables that can
be grown in Vietnam reflects this. Tropical fruits
grown are pineapple, banana, mango, durian, rambu-
tan, and papaya. Citrus, lychee, longan, and jujube
are grown in subtropical areas, and plums, apricots,
peaches, and pears in the temperate zone. Important
tropical vegetables include Ipomoea aquatica (‘spin-
ach’), while cabbage, kohlrabi, tomato, and cauli-
flower are prominent among temperate vegetable
crops.

Fruit and Vegetable Production and
Consumption

Most fruits and vegetables are eaten fresh in Vietnam,
so there is little domestic demand for processed prod-
ucts. Indeed, some fruits and vegetables have medici-
nal uses in which instances freshness becomes even
more important.

The fruit and vegetable processing industry in Viet-
nam is geared to exports. There is also a network of
trading companies exporting fresh fruit and vegeta-
bles. These activities are expected to expand with
Vietnam’s new free market economic policies.

The horticultural industry in Vietnam started in the
early 1960s. If we take the annual average production

* Fruit and Vegetable Research Institute, Trau Quy, Gia
Lam, Hanoi.

of vegetables and fruits during 1960-1962 as a base,
production doubled during 1963-1967, and trebled
during 1968-1974. Vietnam was reunified in 1975
and if we take the figure of average annual horticul-
tural production in 1975 as a base, production
increased 1.5 times during 1976-1980 and doubled
during 1981-1991.

Rice is the main agricultural commodity in Viet-
nam and its production has increased rapidly over the
past decade. The horticultural production industry has
also grown, maintaining an output ratio of approxi-
mately 1: 4, fruits and vegetables: rice (Table 1).

About 1% of fruit and vegetable production is
exported (Table 1).

The government plans to markedly increase fruit
and vegetable production over the next few years.
This will necessitate the introduction and adoption of
new postharvest technologies for the processing
industry and growers.

Postharvest Management/Handling
in Vietnam

Natural conditions of high temperature, high rainfall,
heavy infestation of insect pests, etc. in Vietnam are
detrimental for the prolonged shelf life of vegetables
and fruits. Leafy vegetables must usually be eaten
within a day. Some soft-skin fruits such as banana
and lychee can be kept fresh for only a few days.
Poor facilities and technical information affect the
application of modern technologies to postharvest
handling. Many vegetables and fruits are grown in
isolated regions far from the national main roads.
There are thus difficulties in transporting products
from the growing areas to the centres of population.
Bad roads also make the bruising percentage high (up
to 100% in certain cases).



Table 1. Comparison between quantity of exported vegetable and fruit products and annual production (E/P), and between
vegetable and fruit production and rice production (VF/R).
North Vietnam All Vietnam
1960 1963 1968 1973 1980 1984 1988 1990
E/P (%) 1.0 1.3 0.45 1.0 0.64 1.0 0.84 0.55
VF/R(%) 14.0 25.0 36.0 39.0 28.0 26.0 25.0 240
Growing and Ripening is then ripened on a large scale. A number of process-

Most fruits are harvested in summer and autumn,
starting with apricots, plums, and finally oranges. A
number of fruits, such as pineapple, can be harvested
for 8-9 months of the year thanks to artificial fruit-
ripening using acetylene. Banana is another fruit
which can be harvested all year round. Tropical vege-
tables are grown and harvested in the summer—
autumn, and temperate vegetables during the winter—
spring.

Due to the difference in latitude between the north
and south of the country, vegetable and fruit crop
growing times differ between the two regions.
Oranges are harvested continuously for 9 months in
southern Vietnam whereas they are available only in
the autumn in the north. The situation is similar for
pomelo and guava.

During the summer, several vegetables that cannot
be grown in the coastal delta areas, can be cultivated
in the cooler mountainous and highland regions (such
as Da Lat in the south and Sa Pa in the north of Viet-
nam).

Determining Maturity

Vietnamese growers have long known how to deter-
mine the maturity status of fruit and therefore the
proper time for harvest. Numerous climacteric fruits,
such as banana, mango, and papaya, are harvested
green, It is also well known that fruits such as banana
and papaya ripened on the trees are not as tasty as
when they are harvested green and later incubated for
ripening. A banana-ripening technique has long been
available. It is traditional practice to put a piece of
wood on the top of the jackfruit to make it ripen more
quickly. The early (green) harvesting of banana,
papaya, jackfruit, and mango reduces damage during
transport and it has become a harvesting technique
for fruit to be transported long distances.

There are many ways to determine the maturity of
fruit for harvesting, but the most common practice is
to observe their colour (bright green) or to check they
are fully developed, e.g. it is harvesting time for
banana when it is full round—shaped and for the pine-
apple when the fruit’s ‘eye’ opens.

For processing plants, fruit can be purchased at a
maturity stage that will facilitate transportation and it
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ing plants have ripening capacities of 20 t/day. Ripen-
ing agents are joss sticks (for small scale operations)
or acetylene. After this incubation procedure, the fruit
will be degreened or put in a cool chamber if the
weather is hot.

Harvesting

Generally speaking, farmers do not practice fruit-
wrapping on trees except in special cases. Longan,
for example, can be placed in bamboo baskets for
protection from bats, but this method is rarely used.

Most fruit harvesting is done by hand. While of
lower productivity than machine harvesting, picking
by hand should result in a smaller percentage of
bruised fruit. However, due to shortage of knowledge
on harvesting techniques, particularly about poor
handling methods, fruit is often bruised. This situa-
tion has improved recently with the development of
the market economy. Stronger commercial linkages
have developed between urban and rural dwellers.
Business and technical people are visiting fruit—
growing areas to buy products and to give fruit grow-
ers suitable harvesting and handling techniques that
will improve fruit quality.

Because of poor roads, there are many problems in
transport of fruit to the packing houses. The fruit—
growing areas are scattered among villages and dis-
tances from the orchards to the packing houses are
usually long. Bamboo baskets and bicycles are the
main means of conveying fruit to the packing houses.
Packages specially designed to carry harvested vege-
tables and fruits are usually not available, or when
they are they are often not strong enough to protect
their contents from bruising. These problems affect
the quality and storage characteristics of vegetables
and fruits.

Packing House Operations

Packing house operations are the major fruit and veg-
etable postharvest activity in Vietnam. There are very
few packing houses with a range of modern facilities.
This is because fruit-growing areas are still dispersed
and technical expertise is sparse.

In some places, temporary packing houses without
cool storage facilities or mechanised grading lines



have been established at the fruit and vegetable col-
lection stations of foreign trade units or cooperative
farms.

Postharvest handling is entirely manual. For
bananas, for example, the bunch is cut from the
banana tree and then each hand is cut and removed
from the bunch. A piece of stem is left on top in order
to restrict microorganism infection. The stem also
makes it easier for customers to handle the banana
hands.

Bananas for export have to be cut by Equador knife
to make their packing easier and to reduce excessive
weight during transportation. Banana packing is a
technical procedure, as it has to ensure the tightness
of the packed bananas in order to prevent them from
being shaken, bruised, or otherwise damaged, and to
ensure specified net weight.

Harvested oranges have to be cut close to their con-
ical top, avoiding rupture of essence sacs in the skin.
They are then waxed or wrapped in soft paper tissue.
Paraffin wax is currently imported and research to
produce it locally is still at an early stage. Waxing
machines are available in certain places.

Lychees are packed in bundles or in bags of 1 kg
net weight containing single fruit. These bags are
packed in carton boxes of 5-10 kg.

Packages used for fresh vegetables and fruits are
usually made of bamboo in Vietnam as this material
is readily available and the production cost of bam-
boo baskets is quite low. There are several types of
bamboo baskets, with capacities of either 50-100 or
30-50 kg. They are usually round with either round
or square-shaped bottoms. Recently, square bamboo
baskets of 20-30 kg capacity have become available.
This improvement saves transport volume and the
packages are aesthetically more pleasing. In addition
to this, other wooden and hard plastic packages or
large bags (sacks) and small bags made of PE, PVC,
PP are also available but not commonly used.

The types of packages currently used are generally
not durable and have to contain heavy commodities.
Therefore, they provide very poor protection for fruit
and vegetables during transportation. Little attention
is given to the packaging used for vegetable and fruit
commodities in terms of either protection, presenta-
tion, or advertising and promotion.

Export fruit is packaged in ventilated waxed car-
tons, but there has been little research to determine
the best type of packaging. Customers usually pro-
vide packaging specifications which are followed by
sellers for each individual consignment.

Use of cartons is steadily increasing, but the use of
packaging appropriate to each type of vegetable and
fruit, and mechanised cleaning and transport of vege-
tables and fruits to the packing houses are not availa-
ble in Vietnam, except in some of the export-
orientated establishments.
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Storage and Shelf Life

The storage of vegetables and fruits largely depends
on technical matters such as equipment, store houses,
and energy. At present, only large trading companies
can provide investment for storage facilities used for
fresh vegetables and [ruits.

Cold storage is the most commonly used tech-
nique. Cold storages are available in large cities but
are not of large capacity. Usage of these is still low
because of their relatively high cost. Ambient temper-
atures in Vietnam are high, particularly in the sum-
mer-autumn seasons (the fruit-ripening season).
Therefore, vegetable and fruit commodities destined
for export must be cold stored. Storage temperatures
depend on the type of vegetables and fruits (e.g. 8-
10°C for leafy vegetables, 13-14°C for banana, 10—
12°C for orange, and 2-5°C for lychee). Cold storage
is also a way of aggregating appropriate size batches
of export commodities for shipping.

Chemicals are used for the control of diseases for
vegetables and fruits during storage, usually in com-
bination with cold storage techniques. As a result, it is
possible to prolong the storage duration of certain
products for several months, long enough to permit
prolonged sea transport of tropical fruits and vegeta-
bles to distant markets. The chemicals used in fruit
and vegetable storage are Topsin-M and Benlate.
Topsin—-M was the first to be used. Both appear effec-
tive for disease control in stored oranges and a
number of other fruits. Several other chemicals are
being used on a trial basis. Two locally made natural
compounds — ‘TN’ and an extract of prawn cuticle
— have been found effective in vegetable and fruit
storage, but they are not used on a large scale.

The waxing technique, which has been introduced
into Vietnam over the last 10 years, has enhanced
storage of oranges. Fumigation has been found usecful
in storage of lychee.

Various research institutes are investigating tech-
niques other than cold storage. As mentioned above,
cold-storage costs are quite high, the network of cold
storage houses is very small, and there are few cold-
storage transportation facilities, particularly by rail.
Transportation distances are long: over 1000 km
(from the south of Vietnam to Hanoi) for mango,
grape, and mandarin, and similar distance for longan
and lychee to be transported south to Ho Chi Minh
City. It often takes 3 days for the train to carry vege-
tables and fruits between Ho Chi Minh City and
Hanoi. The required storage duration for fresh fruits
is therefore at least 3 days. At present, lychee and lon-
gan have to be domestically transported by air at very
high cost. Initial research shows that it will be possi-
ble to achieve the storage duration required.

Storage techniques such as CA (controlled atmos-
phere), MA (modified atmosphere), and SA (sub—



atmospheric storage) are not currently used in Viet-
nam, mainly due to lack of equipment and investment
inputs. The economic returns from such investment
may not be high in a country with an abundance of
fruits and vegetables in all seasons.

Generally speaking, the standard of postharvest
management in Vietnam is low. Vietnam has good
sources of vegetable and fruit raw materials. The pro-
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duction and trading of vegetables and fruits are well
organised, with an existing contingent of good post-
harvest technicians who are dedicated and hard-
working. It is hoped that in the near future the horti-
cultural industry of Vietnam will be further devel-
oped with the support provided by the international
associations and the Government of Vietnam in order
to meet society’s demands on vegetables and fruits.



Quality Maintenance of Fruit and Vegetables with
Modified Atmosphere Packaging

C.M.C. Yuen*

Abstract

The science and technology of gas preservation of food is not new. However, increasing consumer demand
for fresh and minimally processed fruit and vegetables with ‘fresh-like’ qualities and extended shelf life has
accelerated the development of innovative modified atmosphere packaging (MAP) techniques. In order to
realise the full potential of MAP, it is essential that food scientists understand the various aspects of this
promising technology. It is not possible to retain all the original natural freshness, nutrients, and organolep-
tic qualities of fruit and vegetables with MAP, but with systematic research development, MAP can become
an important supplement to other postharvest technologies for the quality maintenance of fruit and vegeta-
bles in both the developed and developing countries.

FruiT and vegetables are important food commodi-
ties. They provide variety and taste in the diet, and
essential nutrients which the body cannot synthesise.
In terms of commerce, billions of dollars worth of
fruit and vegetables are produced and consumed each
day worldwide. There is a huge investment of
resources in transportation, packaging, storage, and
marketing facilities, and technologies to ensure a
continuous supply of fruit and vegetables within and
across international boundaries.

In general, quantitative and qualitative postharvest
losses of fruit and vegetables are very high, even in
developed countries. There are no official figures as
to the postharvest losses of individual fruit and vege-
tables in different countries, but postharvest technolo-
gists generally agree that, in developed countries, up
to 25% of fruit and vegetables are lost each year
before they reach the consumer. For developing
countries such as Vietnam, losses of up to 50% are
estimated, depending on the particular commodity.

Losses of fruit and vegetables after harvest are par-
ticularly significant in economic terms because the
value of these commodities can increase many times
after harvest. Losses impact on not only producers
and consumers but also postharvest handlers, distrib-
utors, and marketers.

* Department of Food Science and Technology, The Uni-
versity of New South Wales, Sydney, New South Wales
2052, Australia.
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There is therefore an urgent need for improved
postharvest management and technologies for fruit
and vegetables, particularly in developing countries
where there is a general move from farming cereals to
farming fruit and vegetables, because of the per-
ceived higher value of these commodities in both the
domestic and international markets. However,
improving postharvest management and technologies
as a means of reducing postharvest losses, and hence
increasing food availability, is still a relatively new
concept in many developing countries. There is a
general lack of appreciation that complex manage-
ment procedures and technologies are required to
maintain the quantity, quality, safety, nutrition, and
value of fruit and vegetables after harvest, especially
if the products are intended for long-term storage
and/or distant markets. One of the technologies that
has attracted the attention of many postharvest spe-
cialists in recent times is modified atmosphere pack-
aging (MAP).

Modified Atmosphere Packaging
(MAP)

Our food comes in packages of all shapes and sizes,
made from a range of materials, and in just about
every colour of the rainbow: boxes, cartons, bottles,
etc. are made from paper, cardboard, glass, plastic,
and so forth. Packaging plays an important role not
only in carrying the product to the consumer, for



identification, convenience, and safety, but also is
designed to extend the shelf life of the packaged
food.

The concept of modifying the atmosphere surround-
ing the food in order to extend its shelf life is quite a
simple one. MAP is defined as the use of a packaging
in which the gas composition, or atmosphere, is
changed from that of air. This normally implies a
decrease in oxygen and/or ethylene, and an increase in
carbon dioxide and/or nitrogen. This can be achieved
by either gas flushing, or through the normal respira-
tion of living things such as fruit and vegetables.

MAP can be considered as a less stringent form of
controlled atmosphere (CA) storage. In CA storage,
the composition of the atmosphere is monitored and
precisely controlled once it has been established, but
CA systems are very expensive to install and main-
tain.

Application of MAP

The principles and applications of MAP of fresh fruit
and vegetables are quite different from MAP for food
products such as processed meat, dairy foods, sea-
food, and cereal products. Unlike many processed
foods, fresh fruit and vegetables are living things
which continue respiratory and other metabolic activ-
ities after harvest. They can also be injured during
handling and become ‘ill’ when exposed to disease
microorganisms and/or adverse environmental condi-
tions, much like humans.

No matter to what fruit or vegetable MAP is
applied, the technique should be used only as a sup-
plement to good postharvest practices such as the
selection of good quality products of optimum matu-
rity, avoidance of mechanical injury and disease
microorganisms, and maintenance of optimum tem-
perature, humidity, and other conditions.

Principles of MAP

Because fruits and vegetables differ one from the
other in physical and biochemical attributes, they
respond differently to MAP. There are two main fac-
tors which must be considered when designing MAP
for individual fruits or vegetables.

Firstly, there are physiological factors which must
be considered. These include: the diffusion resistance
of the product to O,, CO,, C;H,, and H,0; respira-
tion and ethylene production rates; sensitivity to
C,Hy; optimum storage temperature and relative
humidity; and product tolerance to O, and CO,.

Secondly, environmental conditions such as tem-
perature, relative humidity, concentrations of COj,,
0,, and C,H, in the storage atmosphere, light, and
sanitation must be taken into account.
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Recent innovations have generated much excite-
ment in the area of MAP research. One of these is the
development of new films that provide postharvest
technologists with greater flexibility in controlling
the atmosphere inside packages. Advanced low-den-
sity polyethylene, PVC, polypropylene, and polysty-
rene films which have average permeabilities to
carbon dioxide that are 3-5 times that of oxygen are
now commonly used as MAP materials for fresh pro-
duce. Relatively impermeable membranes, such as
polyester films, can be used on produce with low
rates of respiration.

The latest innovation in MAP is the development
of gas absorbent/adsorbent films and sachets which
can actively modify O,, CO,, C,H,, and H,O and
other volatiles within the package. The application of
gas modification films and materials is called active
packaging. This technology has been used commer-
cially to package individual fruits such as oranges,
bunches of bananas, retail units of strawberries,
boxes of cauliflower, pallet loads of Chinese goose-
berries, and container loads of avocadoes. Under
optimal conditions MAP can double the shelf life of
many fruit and vegetables.

Conclusion and Recommendations

Due to its low cost and simplicity, MAP technology
is potentially a very useful one for developing coun-
tries such as Vietnam. Nevertheless, it is quite clear
that the Vietnamese horticultural industry currently
lacks the critical mass in administration, marketing,
transport and distribution infrastructure, the relevant
postharvest technologies, the marketing skills and
information, and the government support needed to
take full advantage of MAP technology and the
immense domestic and global opportunities available
to the fruit and vegetable industry.

It is therefore proposed that the Vietnamese Gov-
ernment take a leading role and work closely with the
fruit and vegetable industry and the various posthar-
vest organisations to gather the following information
seen as essential to the development of the horticul-
tural industry.

1. Develop a thorough understanding of the posthar-
vest management and handling system for fresh
fruit and vegetables.

2. Document the various fruit and vegetables pro-
duced in Vietnam with respect to their importance
to the national economy in terms of dietary signif-
icance, nutritional value, and their ability to earn
foreign exchange, and the quantities, values, and
varieties produced.

3. Collect detailed information on target markets —
both domestic and international — with regard to
consumer and market preferences, market trends,
supply and demand patterns, etc.



4. Identify and describe the principal factors affect-
ing losses in each product postharvest system with
a view to establish priorities for action.

5. Catalogue and quantify existing practices, and
postharvest equipment, facilities, and technologies
available.

6. Establish realistic, far-reaching, sustainable, and
coordinated national and regional research and
development priorities and strategies.
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Quality Maintenance of Fruits and Vegetables in Vietnam

Quach Dinh*

Abstract

This paper outlines postharvest handling practices for maintenance of quality in bananas, oranges, lychees,
pineapples, and vegetables. The results of recent studies on the use of radiation for extending shelf life are

summarised.

WHILE Southern Vietnam is located in a region of
tropical climate, the climate in the north of the coun-
try is subtropical, with both summer (hot) and winter
(cold) seasons. Therefore, a diverse range of vegeta-
bles and fruits can be grown, consisting of products
of tropical, subtropical, and even temperate origin, as
follows:

» Tropical fruits: pineapple, banana, papaya, guava,
mangosteen, pomelo, rambutan, durian, mango,
annona, star apple, dragon fruit, coconut.

» Subtropical fruits: citrus, lychee, longan, avocado.

« Temperate fruits: pear, apricot, plum, peach.

Major vegetables are Ipomoea aquatica (‘spin-
ach’), potato, tomato, cucumber, kohlrabi, cabbage,
cauliflower, ball onion, champignon de Paris (French
mushroom), and straw mushroom.

The general status of horticultural postharvest tech-
nology is covered by Mr Nguyen Cong Hoan in his
report ‘Fruit and vegetable postharvest handling prac-
tices in Vietnam’ in these proceedings. This report
describes postharvest management technologies used
in quality maintenance of some important fruits and
vegetables.

Bananas

The major banana variety grown in Vietnam is Cav-
endish, which is called ‘Tieu’ banana in the local lan-
guage. In southern Vietnam, another variety — Musa
spientum or ‘Bom’ — is also grown.

Banana is used as a fresh fruit in local family
households. The fruit is not usually left on the tree to
ripen naturally. Rather, it is harvested when the fruit
is at 85-90% maturity as indicated to the experienced
observer by:

* National Vegetable and Fruit Corporation (Vegetexco), 2
Trung Tu, Dong Da, Hanoi, Vietnam.
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« Dark green skin.

» Round angle of the fruit.

» Thick latex is obtained when the fruit is broken in
two pieces and the latex exudate can be formed
into a thread.

» The fruit flesh tumns light yellow.

It is also possible to identify appropriate maturity
for harvest from duration of growth (115-120 days
after bunch formation).

After the mature bunch is cut from the tree, all
hands on the bunch are removed and left for 1-2
hours for the latex to dry. They are then placed in
mud pots/containers. Joss sticks are burnt to increase
the temperature in the pots to 19-20°C.

Bananas are held in mud pots for 3—4 days. The
fruit is considered ripe when its skin turns yellow and
the fruit flesh becomes soft and has a sweet taste and
smell. Traditional experience is that bananas treated
as above have a strong, ripe flavour and no bitter
taste, whereas bananas naturally ripened on the tree
have less flavour and a slightly bitter taste.

The above treatment method is used at housechold
level, and to treat larger, export quantities of bananas,
in non-mechanised packing houses.

Bananas for export are harvested at a maturity less
advanced than fruit for local consumption: 90-95
days after bunch formation. Banana is exported in
two ways: in bunches and in hands.

Bananas for the former Soviet Union were exported
in bunches. The bunches were removed from the trees,
collected, then left for 1-2 hours for the latex to dry,
before washing with water. A 0.1% Topsin-M
(prochloraz) solution was spread over the bunches,
which were later wrapped in polyethylene (PE.) bags
before delivery to the shipper. The banana bunches
were then vertically packed with their cut stems kept at
the bottom of the cartons or wooden boxes during
transportation, delivery, and storage. Exported banana



was shipped by sea in cool storage at a temperature of
13£1°C and relative humidity of 85-90%.

Fresh bananas for export in hands were removed
from the bunch and left for 1-2 hours for the latex to
dry. Paper tissue could be used to clean off the latex.
The hands were then washed using water and pieces
of soft cloth to remove dirt and insects clinging to the
fruit skin, before being dipped in Topsin—M solution
(0.1%) for 1 minute. The treated banana would be left
to dry, wrapped in P.E. bags, and packed in cartons of
12 kg.

Oranges

The main citrus variety grown in Vietnam is Citrus
sinensis which is consumed domestically and
exported in large quantities.

For family consumption, oranges are harvested
when they begin to ripen. The fruit stem is cut close
to the skin without breaking the conical top of the
orange and without bruising the fruit.

After harvesting, the fruit is left for 12-14 hours
before being stored. The simplest method of storage
is to leave the fruit on a clean, cool floor and put
Ca(OH); (slaked lime) on the conical top of the
oranges to prevent fungal invasion.

In many localities, sand is used for orange storage.
The procedure is as follows. A layer of clean, dry sand
is spread on a clean, cool floor. A layer of oranges is
placed on the sand, and covered with a layer of sand 5
cm thick. This procedure is repeated until there are 10
layers of oranges, the final layer of sand being 30 cm
thick. Bricks are used for the surrounds of such stor-
ages. The technique can also be used in mudpots/con-
tainers and will keep oranges for 3—4 months.

Export oranges are treated as follows. Harvested
oranges are inspected to remove all fruit which are
not of export standard, then graded, washed with
water, cleaned with pieces of soft cloth, and eventu-
ally dipped in Topsin—M solution (0.1%). The fruit
are dried naturally in the open air for 4 hours before
individual wrapping in paper tissue and packing in
either wooden cases or carton boxes (15 kg each)
with the conical top of the orange facing downwards.
While waiting for shipment the packed oranges are
kept in cool storage at 5-7°C and 85-90% r.h., the
same conditions under which they are subsequently
transported by sea to export markets.

Lychees

The most popular lychee (Litchi chinensis) variety in
Vietnam is ‘Thiou’, which is also the most com-
monly-grown one. It is available only in northern
Vietnam.

The fruit is harvested at full maturity when its skin
has turned pink or red. The fruit count is about 60-65

98

lychees/kg with the fruit stem being not over 5 mm
long. After being selected and graded, the fruit are
dipped in Benlate solution (at 1 g/L and at tempera-
ture of 50-52°C for 2 minutes) then placed on a table
to be dried and cooled by fan. The treated fruit are
tightly sealed in P.E. bags, because the fruit skin will
change colour if it comes into contact with air. Each
bag contains about 1 kg of fruit . The bags are packed
into cartons of 10 kg each. Bags are separated from
their neighbours by cardboard walls inserted into the
box. The cartons are transported and stored at 10—
13°C and 85-90% r.h.

Pineapple

The major pineapple (Ananas comosus) variety in
Vietnam belongs to the Queen species. Pineapple is
harvested when the fruit starts ripening: the fruit flesh
is light yellow but the fruit skin has not yet turned
yellow. After fruit of acceptable standard are selected,
they are graded and the cut end of the fruit stem/
crown is dipped in Topsin—M solution (1-2%). Each
fruit is later wrapped in paper tissue and packed in a
carton, separated from its neighbour by a carton wall.
Each box is of 10-15 kg. Pineapple is stored and
transported at 10~13°C and 85-90% r.h.

Vegetables

The main vegetables exported by Vietnam are potato,
ball onion, carrot, cabbage, and kohlrabi. Postharvest
treatment for exported vegetables is still very simple:
the commodities will be selected, graded, and held in
either bamboo baskets or wooden cases, then stored
and transported in cool temperature conditions.

Radiation Treatment

Studies on the use of radiation for preservation of
fresh fruit and vegetables have begun in Vietnam.
The facility of the Center of Radiation, Hanoi, which
is supported by the International Atomic Energy
Agency (IAEA), has an initial activity of 2000
Curies. It has operated since 1991. A number of stud-
ies have been conducted on the use of radiation in
fruit and vegetable treatment, as follows:
e Use of gamma rays for control of the maturity of
exported bananas. Findings were:
— Gamma radiation has effect in slowing down
banana maturation process.
— The optimal dose of radiation for Cavendish
bananas is 0.3 kGy which is effective in postponing
banana maturity for 10-14 days in comparison
with non-treated fruits.
¢ Use of radiation in storage of champignon de Paris
(Agaricus bisporus), with the following conclu-
sions:



- The optimal dose of radiation is 1.0-1.5 kGy.

- Radiation inhibits development of champignon
de Paris and prolongs shelf life at 5°C by 15 days.
The use of radiation in onion storage:

— The optimal dose for preventing onion germina-
tion was found to be 56 Gy. The best time for radi-
ation treatment is 3—4 weeks after harvest.

~ Radiated onions can be stored at room tempera-

ture for 4-5 months.

Preliminary studies have also been conducted on
the use of radiation for fresh lychee storage and for
chilli powder treatment.



Postharvest Disease and Pest Control in Tropical Fruit

G.1. Johnson* and N.W. Heatherf

Abstract

Postharvest diseases and pest infestations of fresh fruit and vegetables cause serious losses and trade dis-

ruptions. Losses can be major when inadequate attention has been given to preharvest control of the prob-

lems, or when weather conditions have favoured disease or pest build-up during fruit development, or when
the fruit have been exposed to long or unfavourable storage and transportation. Trade disruptions can affect

a supplier’s reputation as well as long-term market access.

While export opportunities for fruit within the region have increased rapidly, markets have become in-
creasingly concemed about fruit quality, pest and disease occurrence, and chemical residues.

Quarantine restrictions may limit market access. The presence of a particular pest (or less frequently, a
pathogen), in a country can, in the absence of an effective eradication treatment, totally exclude access of
product to countries free of that organism: e.g. several countries that are free of fireblight caused by Erwinia
amylovora prohibit the import of apples and pears from countries in which the disease is recorded.

Surveys of the produce available for export will reveal the pests and diseases already present. The infor-
mation needs to be accurate, and available to researchers and regulators involved in production and market-
ing of the produce.

Disinfestation protocols will include field and postharvest recommendations, and post-treatment inspec-
tion to verify the absence or mortality of all life-stages of the target pest. Postharvest disinfestation protocols
need to be negotiated with export market authorities, and may specify fumigation, insecticide, hot air, va-
pour heat or hot-water dip treatments, cold storage, fruit brushing, visual inspection, and packaging in in-
sect-secure containers. Alternative procedures such as irradiation and microwave treatment also can
disinfest fruit. The former has been tested extensively, but is not yet adopted by all markets, while the latter
remains experimental.

Chemical-use, either current or previous, can also affect market access. Export markets may have maxi-
mum residue limits (MRLSs) or nil tolerances for particular pesticides. Previous land-use can impinge upon
the export potential of fruit if, for example, high residual levels of DDT or 2,4.5,T are present in the soil and
detectable in the produce from cultivated crops or orchards. Market regulations must be determined, and
products tested regularly to monitor compliance with pesticide-residue restrictions.

The key to securing and maintaining market access for export fruit, and to greater domestic consumption,
is the development of management protocols which will ensure the reliable supply of pest and disease-free
produce of consistent quality.

The steps to achieve this are as follows.

(a) Determine the market requirements and restrictions in terms of: (i) seasonal demand; (ii) preferred
fruit size, maturity, variety, and price; (iii) disease, pest and chemical residue limitations, prohibitions,
or quarantine requirements; and (iv) phytosanitory documentation and trade approval requirements of
local and export-destination authorities. Reliable export market agents must also be sought.

* CSIRO Division of Horticulture, Cunningham Labora-
tory, 306 Carmody Road, St Lucia, Queensland 4067,
Australia.

1 Division of Plant Protection, Queensland Department of
Primary Industries, 80 Meiers Road, Indooroopilly,
Queensland 4068, Australia.
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(b)

Assess the quality attributes, seasonal availability, pest and disease problems of the produce, the infra-

structure and transportation that is available, and the financial returns that could be anticipated.

©

Define the procedures that must be undertaken by producers, handlers, exporters, and government

authorities so that produce can be produced and supplied at a quality standard that will (i) meet export
and regulatory requirements and (ii) be recognised by the export markets as worthy of additional,

future purchases.

@

Develop the necessary treatment, handling, storage, transportation, and regulatory clearance systems

for prompt, effective, and efficient processing, packaging and distribution of produce.

(e)

Train and encourage the workers and managers involved in the production, marketing, and regulatory

clearance of produce, so that all of the recommended and mandatory procedures are implemented, any
new problems are identified, and solutions sought.

SATISFACTORY disease and pest control is achieved by
first accurately identifying the causes of any losses or
infestations. With appropriate training, local scien-
tists, adequately supplied with laboratory equipment,
taxonomic literature, and reference specimens, can
identify the pests or pathogens causing many primary
problems. First records should be confirmed by an
expert consultant, or by one of the international
authorities (such as the Commonwealth Agricultural
Bureaux and the British Museum) which curate refer-
ence collections of insects or microorganisms.

Accurate diagnosis of the cause allows access to
published information on how to reduce, minimise, or
eradicate a pest or pathogen. It also enables assess-
ment of whether market access will be restricted or
prevented by the occurrence of the problem. The
applicability of published protocols and control pro-
cedures for any pest or disease should be verified
locally before they are recommended. Control meas-
ures should be demonstrated to those concerned with
applying the technology, and appropriate instruction
manuals and operator safety guides produced in the
local language or dialect. New problems will require
new solutions, developed by staff who have been
trained to plan, resource, and undertake any research
or other appropriate activities to develop recommen-
dations for controlling the problem.

Diseases

Diseases often develop after fruit has been harvested,
cleaned, treated, and packed. Diseases can develop
from infections by fungi (or less frequently, bacteria)
that occur before or after harvest. Diseases affect the
quantity and quality of saleable product, as well as the
time period during which it will remain saleable. Con-
trol measures will include cultural procedures and fun-
gicide applications in the field, as well as postharvest
treatments with heated water (or air), disinfectants or
fungicides, and the provision of particular drying, han-
dling, packaging, and storage regimes to slow fruit rip-
ening and limit fruit damage and disease development.
Fruit washing may impose additional disease threats,
both to the commodity, and to the consumer, and must
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be undertaken with caution. Alternative measures that
are being developed as replacements for fungicides for
disease control include biological control using micro-
organisms, and the use of natural, non-toxic treatments
or fruit coatings.

On export markets, disease losses need to be mini-
mised, but absolute control (e.g. as may be required
for fruit flies) is usually not necessary. While this lati-
tude may seem advantageous to the producer, from
the marketing perspective it is not. The risk of prod-
uct-loss to disease can be substantial and difficult to
predict, particularly in the case of tropical fruit. High-
risk fruit, or producers with a record of supplying
product with poor outturn, will not be in-demand
with importers or supermarket owners. When negoti-
ating ‘whole-crop’ contract-purchases, and ‘special-
price’ sales promotions, their choice of products to
sell, and producers to contact, will be based on past
knowledge of product and supplier reliability for
quality outturn and punctual delivery. Matching these
requirements requires effective orchard and posthar-
vest disease control practices.

Pathogens

Pathogens can be broadly divided into those that
contact fruit in the orchard, and those that contact
fruit during or after harvest. The pathogens that con-
tact fruit in the field may occur as microscopic sur-
face contaminants on the fruit skin, or in soil and
debris on the skin and stem tissue, or they may be
present as symptomless infections within the skin or
stem end of the fruit (Fig. 1).

Table | lists the genera of postharvest pathogens
and their tropical and subtropical host families. Of
the pathogens listed, the fungi causing anthracnose
(Colletotrichum spp.) and stem-end rot (Botry-
osphaeria spp. and Diaporthe spp. and their
anamorphs) are the major causes of disease in most
subtropical and tropical fruit, with pineapple (Ananas
comosus (L.) Merr.), citrus, and durian (Durio zibet-
hinus Murr.) being notable exceptions. For the afore-
mentioned fruit, water blister caused by Thielaviopsis
paradoxa (de Seyn.) Hoehn, green and blue mould
caused by Penicillium spp., and phytophthora fruit rot
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Figure 1. Types of pathogens attacking fruit and their relative ease of control.

caused by Phytophthora palmivora (Butler) Butler
are respectively the most serious fruit diseases. In
addition, transit rot caused by Rhizopus spp. and
yeasty rot caused by Geotrichum candidum Link are
sporadically serious on 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 adapted to develop disease
control strategies for less well researched fruit.

Control Measures for Fruit Diseases

Disease control can be achieved by either preventing
infection, eradicating infection, or delaying symptom
development so that the produce can be eaten or proc-
essed before significant losses occur. Effective target-
ing of control strategies requires basic studies on
pathogen biology to identify forms of inoculum,
modes of transmission, and time and type of infec-
tions that lead to disease losses (Johnson et al. 1991,
1992a) (Table 4).

Preventing infection by pathogens

Infection can be prevented by (a) growing resistant
varieties, (b) cultivating crops in conditions where
lack of rainfall or unfavourable temperatures interfere
with inoculum dispersal and propagule germination
and growth, and (c) applying prophylactic treatments.
Protective fungicides applied to achieve full cover-
age, or enclosure of fruit in paper bags interferes with
inoculum deposition and infection.

Fungicides

Fungicides are an effective means of preventing
postharvest disease development (Table 5). Fungi-
cides can be applied in the field during flowering,
fruit set, and growth flushing to reduce infection and
inoculum production. Government regulations usu-

ally specify the types of fungicides that may be used,
the crops on which they may be applied, target pests,
dose, time of application, withholding period, maxi-
mum residue levels, and measures for disposal of
spray residues and used storage containers. Good
coverage and timely application are critical (Thomp-
son 1994), In the absence of regulations within a
country, international guidelines are available in the
Codex Alimentarius (FAO/WHO 1993).

Fungicide resistance

In several cases target pathogens have quickly devel-
oped resistance to systemic fungicides applied in the
field. Where the risk of resistance development is high,
field or orchard applications of the fungicide either
should not be permitted or should be restricted to strate-
gic applications: e.g. during flowering, in wet weather,
or, immediately before harvest. Benomyl is one fungi-
cide to which pathogens quickly develop resistance. In
Florida, Spalding (1982) isolated benzimidazole-resist-
ant strains of Colletotrichum, Lasiodiplodia, and Pho-
mopsis from diseased mangoes, a result of the
widespread use of preharvest sprays of benomyl. Beno-
myl-resistant strains of Colletotrichum have been
reported also from mangoes in Thailand (Farungsang
and Farungsang 1992). In Australia, benomyl sprays
have never been recommended for preharvest use 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 many of the modem systemic fungicides
threatens the long-term viability of these fungicides for
postharvest use. Preharvest application of effective post-
harvest fungicides should be discouraged.

Fruit bagging

Fruit bagging (Kitagawa et al. 1992) creates a dry
microenvironment in which fruit can develop with
comparative freedom from air- and water-bome inoc-
ula, free water to facilitate infection, infestation by
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Table 1. A host list of pathogens of tropical and subtropical fruit (after Johnson and Sangchote 1994).

Pathogen genus Host family
(*Teleomorph/**anamorph)

Major fungal pathogens

o Alternaria** Q » Anacardiaceae, Caricaceae, Cucurbitaceae, Ebonaceae, Lauraceae, Musaceae,
Oxalidaceae, Passifloraceae, Rutaceae, Sapindaceae, Solanaceae

* Botryosphaeria* * Anacardiaceae, Annonaceae, Bombacaceae, Bromeliaceae, Caricaceae,
[Lasiodiplodia** W/Q Cucurbitaceae, Guttiferae, Lauraceae, Moraceae, Musaceae, Myrtaceae,
[Dothiorella** Q Oxalidaceae, Rosaceae, Rutaceae, Sapindaceae, Sapotaceae
/Fusicoccum** Q

s Ceratocystis*/Thielaviopsis** W » Bromeliaceae, Cucurbitaceae, Musaceae, Myrtaceae

» Diaporthe* |Phomopsis**Q ¢ Anacardiaceae, Annonaceae, Caricaceae, Cucurbitaceae, Guttiferae, Lauraceae,

Musaceae, Oxalidaceae, Passifloraceae, Punicaceae, Rutaceae, Sapindaceae,
Sapotaceae, Solanaceae

» Geotrichum** W « Rutaceae, Sapindaceae, Solanaceae

e Glomerella*/Colletotrichum**Q * Anacardiaceae, Annonaceae, Bombacaceae, Caricaceae, Cucurbitaceae,
Lauraceae, Moraceae, Musaceae, Myrtaceae, Oxalidaceae, Passifloraceae,
Rutaceae, Sapindaceae, Solanaceae

» Penicillium** W « Anacardiaceae, Bromeliaceae, Cucurbitaceae, Ebonaceae, Lauraceae, Moraceae,
Passifloraceae, Rutaceae, Sapindaceae, Solanaceae

¢ Phytophthora Q/P » Anacardiaceae, Annonaceae, Bombacaceae, Caricaceae, Cucurbitaceae,
Lauraceae, Moraceae, Musaceae, Myrtaceae, Passifloraceae, Punicaceae,
Rutaceae, Sapotaceae, Solanaceae

* Rhizopus W « Anacardiaceae, Annonaceae, Bombacaceae, Bromeliaceae, Caricaceae,
Cucurbitaceae, Ebonaceae, Lauraceae, Moraceae, Musaceae, Myrtaceae,
Passifloraceae, Punicaceae, Rutaceae, Sapindaceae, Solanaceae

 Botryotinia*/Botrytis** Q/P * Anacardiaceae, Cucurbitaceae, Ebonaceae, Moraceae, Musaceae, Myrtaceae,
Punicaceae, Solanaceae

Minor fungal pathogens

* Asperisporium P « Caricaceae

o Aspergillus** W » Anacardiaceae, Bromeliaceae, Caricaceae, Cucurbitaceae, Ebonaceae,
Myrtaceae, Punicaceae, Rutaceae, Sapindaceae, Sapotaceae, Solanaceae

¢ Cladosporium** Q » Caricaceae, Cucurbitaceae, Ebonaceae, Oxalidaceae, Palmae, Passifloraceae

¢ Corynespora P « Caricaceae

¢ Cylindrocladium** P * Annonaceae, Myrtaceae

* Deightoniella P * Musaceae

* Didymella* |Ascochyta** Q « Caricaceae, Cucurbitaceae

¢ Elsinoe* /Sphaceloma** P » Anacardiaceae, Lauraceae, Rutaceae

e Fusarium** P/'W » Bromeliaceae, Caricaceae, Cucurbitaceae, Moraceae, Musaceae, Myrtaceae,
Passifloraceae, Rutaceae, Solanaceae

* Gliocephalotrichum W « Sapindaceae

o Guignardia*/Phyllosticta** P » Anacardiaceae, Rutaceae, Musaceae, Myrtaceae

¢ Macrophomina** W » Cucurbitaceae

* Mucor W « Anacardiaceae, Bombacaceae, Cucurbitaceac, Ebonaceae

* Mycosphaerella* * Annonaceae, Caricaceae, Lauraceae, Musaceae, Rutaceae

/Cercospora** P or
IPseudocercospora** P
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Table 1.  (cont'd) A host list of pathogens of tropical and subtropical fruit (after Johnson and Sangchote 1994).
Pathogen genus Host family

(*Teleomorph/**anamorph)

» Nigrospora** W * Musaceae

» Peronophythora W « Sapindaceae

e Pestalotiopsis Q

» Anacardiaceae, Lauraceae, Myrtaceae, Punicaceae, Sapindaceae, Sapotaceae

« Caricaceae, Cucurbitaceae, Myrtaceae, Punicaceae, Sapindaceae, Solanaceae

¢ Phoma** Q
¢ Powdery mildews P * Anacardiaceae, Caricaceae
¢ Pythium W « Cucurbitaceae, Solanaceae

* Rhizoctonia** W

» Cucurbitaceae, Solanaceae

 Sclerotium** W

* Septoria** P

» Stemphylium** Q

» Thyronectria*/Stilbella** W
e Trichothecium W

¢ Lauraceae

Solanaceae
o Verticillium** Q ¢ Musaceae
Bacterial pathogens
» Enterobacter W « Caricaceae
« Erwinia W
* Pseudomonas P

* Xanthomonas P

* Bombacaceae, Cucurbitaceae, Myrtaceae, Solanaceae
» Passifloraceae, Rutaceae

* Anacardiaceae, Caricaceae, Cucurbitaceae, Solanaceae

* Annonaceae, Caricaceae, Cucurbitaceae, Lauraceae, Musaceae, Rutaceae,

* Bromeliaceae, Caricaceae, Cucurbitaceae, Lauraceae, Myrtaceae, Solanaceae
» Bromeliaceae, Cucurbitaceae, Lauraceae, Solanaceae

» Anacardiaceae, Cucurbitaceae, Musaceae, Passifloraceae, Rutaceae, Solanaceae

Q = quiescent infection; W = wound infection; P = preharvest symptoms produced. (Simmonds 1966; Cook 1975; Snowdon 1990;

Persley 1993)

fruit fly, and damage by fruit-piercing insects
(although scale insects and mealybugs can proliferate).
Bagging is one option for regulating fruit surface wet-
ness and deposition of inoculum in regions not blessed
with dry weather during fruit development. G. John-
son, T. Campbell and A. Cooke (unpublished data)
found that enclosure of mango cultivars Kensingt&?
and Keitt in bags manufactured from paper or Tyvek —,
respectively, reduced the incidence and severity of
stem-end rot and anthracnose. Conversely, Lim and
Razak (1986) reported that fruit bagging was associ-
ated with an increase in stylar-end ring rot caused by
Phomopsis psidii Nag Raj & Ponnappa on guava fruit,
in the zone of contact between fruit and bag.

Biological control

Jeffries and Koomen (1992), Korsten et al. (1994),
and Wilson and Wisniewski (1994) have reviewed the
application of microorganisms or microbial products
for the control of fruit pathogens. Several bacteria and
yeasts have shown promise as biological control
agents for a range of fruit pathogens. Mode of action of
the candidate agents may be critical in determining
whether a promising agent can be registered. Modes of
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action which expose consumers to risks as great as
those associated with the use of synthetic fungicides
should not be contemplated. Other key issues associ-
ated with the introduction of biological control agents
will be formulation, application and survival of the
agent in the orchard and during storage, and interna-
tional acceptance of the treatments for postharvest use.

Cultural practices

Husbandry practices such as removal of dead
branches and leaves in the canopy reduce inoculum
available to initiate diseases. Avoidance of foliage
wetting during watering reduces free water available
for infection. Strategic pruning to open up the canopy
to improve light penetration, promote growth flush-
ing and allow air circulation can also reduce posthar-
vest disease levels. Inadequate nutrition, e.g. calcium,
and excess nutrients e.g. nitrogen or phosphorus, can
also encourage disease via effects on cell structure
and nutrient availability. G. Johnson, J. Armour et al.
(unpublished) found that susceptibility of harvested
potatoes to bacterial soft rot increased with increasing
field application rates of phosphorus above that nec-
essary for maximum yield.



Table 2.  Tropical and subtropical fruits: recent reviews or assessments of disease losses (after Johnson and Sangchote
1994).

Host (Genus) (minimum storage temperature for Host family References

unripe fruit: °C and time)

Avocado (Persea) (5-12°C for 2—-4 weeks) Lauraceae Cappellini & Ceponis 1988; Snowdon
1990; Persley 1993; Ploetz et al. 1993

Banana (Musa) (15°C for 24 weeks) Musaceae Wardlaw 1972; Slabaugh & Grove
1982; Snowdon 1990; Persley 1993

Breadfruit (Artocarpus) (13°C for 1-3 weeks) Moraceae Thompson et al. 1974; Snowdon 1990

Carambola (Averrhoa) (10°C for 3—5 weeks) Oxalidaceae Johnson et al. 1992b; Persley 1993

Cherimoya (Annona) (20°C for 2-3 weeks) Annonaceae Purss 1953; Persley 1993

Citrus (Citrus) (varies from 4-14°C for 2-12 weeks depending Rutaceae Cook 1975; Ceponis et al. 1986a;

on species (Kader & Arpaia 1992) Whiteside et al. 1988; Persley 1993

Coconut, date (Cocos, Phoenix) (25°C for 1 weeks; O for 1-2 Arecaceae Cook 1975; Snowdon 1990

months)

Durian (Durio) (15°C for 2 weeks) Bombacaceae Lim 1990

Guava (Psidium) (7-10°C for 2 weeks) Myrtaceae Lim & Khoo 1990; Snowdon 1990

Jackfruit (Artocarpus) (15°C for 2 weeks) Moraceae Butani 1978

Longan (Euphoria) (10°C for 2 weeks) Sapindaceae Sarsud et al. 1994

Lychee (Litchi) (5°C for 2 weeks) Sapindaceae Lonsdale 1988; Johnson 1989;
Snowdon 1990

Mango (Mangifera) (13°C for 2 weeks) Anacardiaceae  Lim & Khoo 1985; Prakash &
Srivastava 1987; Cappellini & Ceponis
1988; Johnson 1989; Johnson 1992;

. Ploetz et al. 1993

Mangosteen (Garcinia) (13°C for 4 weeks) Guttiferae Snowdon 1990

Melon (Cucumis & Citrullus) (5°C for 3 weeks; 10-15°C for Cucurbitaceae  Ceponis et al. 1986b; Snowden 1990,

2-3 weeks) 1992; Persley 1993

Papaya (Carica) (7-10°C for 2-3 weeks) Caricaceae Alvarez, & Nishijima 1987; Cappellini et
al. 1988; Snowdon 1990; Persley 1993

Passionfruit (Passiflora) (6-10°C for 3-5 weeks) Passifloraceac Inch 1978; Snowdon 1990; Persley
1993

Pineapple (Ananas) (15°C for 2-4 wecks) Bromeliaceae Cappellini & Ceponis 1988; Snowdon
1990; Persley 1993

Pomegranate (Punica) (5°C for 3 months) Punicaceae Snowdon 1990

Rambutan (Nephelium) (10°C for 2 weeks)

Roseapple, Lillipilli (Eugenia, Syzgium)
Sapodilla (Manilkara)

Sapindaceae Visarathanonth & Ilag 1987; Persley

1993
No references found

Cook 1975; Snowdon 1990

Myrtaceae

Sapotaceae

Sampling and selective harvesting

Product outturn on export markets can be
improved by using preharvest sampling procedures
to select those regions, orchards, individual trees, or
parts of trees with lower infection levels. Mayers
and Owen Turner (1989) integrated field manage-
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ment and infection assessment procedures to suc-
cessfully control black spot caused by Guignardia
citricarpa Kiely in export citrus for the Japanese
market. Selection of growing regions where dry
weather coincides with flowering and fruit develop-
ment can further reduce the need for preharvest con-
trol measures. In Israel, preharvest assessment of



Table 3. Major genera of fungi causing postharvest diseases of tropical and subtropical fruit: Key literature references on
taxonomy, genetics and biology, regardless of host(s) and minimum temperature below which fruit isolates are
unlikely to cause disease (after Johnson and Sangchote 1994).
Genera of fungi Minimum temperature References?
(*Teleomorph/ (°C) required for
**anamorph) disease development®
Alternaria** -3 Simmons 1967; Ellis 1971
Aspergillus +16 Raper & Fennell 1965; Domsch et al. 1980; Pitt & Hocking 1985
Botryosphaeria* Pennycook & Samuels 1985; Hartill 1992
/Lasiodiplodia** +8 Sutton 1980
/Dothiorella** +2 Maas & Uecker 1984
[Fusicoccum** +2 Pennycook &Samuels 1985; Hartill 1992
Botryotinia*
/Botrytis** -2 Jarvis 1977; Coley-Smith et al. 1980
Ceratocystis*
/Thielaviopsis** +5 Hunt 1956; Hoog & Scheffer 1984
Diaporthe*
/Phomopsis™** -2 Sutton 1980; Uecker 1988
Geotrichum** +2 Carmichael 1957; Butler & Petersen 1972; Gueho et al. 1985
Glomerella*
IColletotrichum** +3-9 Sutton 1980, 1992
Penicillium** -2 Pitt 1979, 1985
Phytophthora +10 Waterhouse 1963; Newhook et al. 1978; Ho 1981; Gerretson-Cornell 1985
Rhizopus Oto4 Domsch et al. 1980; Schipper 1984

3 Sommer 1985; Sommer et al. 1992. ® Rossman et al. 1987; Snowdon 1990

fruit infection levels has been used to determine the
need for postharvest treatments to control alternaria
rot of mango caused by Alternaria alternata (Prusky
et al. 1983). Prusky et al. (1993) subsequently found
that the disease risk could be assessed by monitor-
ing relative humidity during flowering and fruit
development. In the long term, global warming
effects could disrupt seasonal weather patterns, with
increased rainfall occurring in some regions that
currently enjoy a dry fruiting season, and vice versa,
increasing or decreasing the need for pre- and post-
harvest control measures.

Harvest, Grading, Packing, and
Transport Practices

Heat, sunburn, and sapburn

Fruit that are heated (a) in the orchard by high
field temperatures at harvest, (b) during excessive
delays between harvest and packing, or (c) by post-
harvest exposure to direct sun may undergo acceler-

ated ripening or develop tissue damage which will
encourage disease development. Development of
lesions caused by Aspergillus spp. are encouraged by
high temperatures, and can invade skin damaged by
sapburn in mangoes. Invasion of fruit by Lasiodiplo-
dia theobromae and Phytophthora spp. may also be
greater at higher temperatures. Johnson and Sang-
chote (1994) pointed out that changes in temperature
can change the spectrum of fungi involved, as well
as the temporal incidence and severity of symptoms.

Mechanical and insect damage

Damage, or injuries which break the skin surface
provide points of entry for wound pathogens. Fruit
wound healing responses seal damaged tissue within
a few hours, but the time delay is often sufficient for
pathogens to invade. Adverse environmental condi-
tions (such as higher temperatures) can interfere with
wound healing, and lower fruit resistance to invasion.
Vibration and impact damage resulting from drop-
ping, throwing, or shaking also affect fruit at the cel-



lular level. Cell wall damage and leakage of cell
contents weaken host resistance and stimulate patho-
gen invasion.

Water and wetting

Free water favours propagule dispersal, germina-
tion, and infection. Wetting the fruit surface to clean
dirt and sooty mould from the skin can thus increase
disease losses, particularly if the skin and cuticle are
also abraded by brushes. Water can carry propagules
directly into the fruit through wounds or insect punc-
tures. Non-recirculated chlorinated water (at domes-

tic reticulated water rates of available Cl) should be
used for fruit washing. Unchlorinated water may con-
tain fruit pathogens which can build-up further in
recirculating dip tanks. The pH of the chlorinated
water should be adjusted to 6.0 for maximum effec-
tiveness. Bromination of water has been considered
as an alternative to chlorination since maintenance of
dose is easier. However, concerns about the carcino-
genicity of bromine compounds, and possible reten-
tion of bromine residues on fruit, discourages their
use. Chlorination of water at rates ranging from 50 to
1000 ppm reduces pathogen load, but can accelerate

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. 1992a, 1993) (after Johnson and

Sangchote 1994).

Mode of transmission

Mode of infection

Pathogen Form of inoculum
(*Teleomorph/**anamorph)
Alternaria conidia
Aspergillus conidia hyphae
*Botryosphaerial ascospores
1**Dothiorella conidia
/**Fusicoccum hyphae
*Botryotinia ascospores
/**Botrytis conidia
*Diaporthe ascospores
1**Phomopsis conidia, hyphae
Geotrichum conidia
*Glomerella ascospores
1**Colletotrichum conidia
I**Lasiodiplodia conidia, hyphae
Penicillium conidia, hyphae
Phytophthora Z00Spores
hyphae
Rhizopus sporangiospores, hyphae

airborne

airborne, soil-borne. water-
borne

air-borne

water-borne

hyphal colonisation of
inflorescence (endophytic)

fruit to fruit

seed-borne hyphae

air-borne
air-borne
arthropod-bome
fruit to fruit

As for Botryosphaeria

water-bome, soil-borne, fruit
to fruit

air-borne

water-bome

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-
borne, fruit to fruit,
mycelium to fruit

direct

wound

direct?

direct

internal colonisation of
pedicel

contact

internal colonisation of stems
etc.

necrotic tissue

necrotic tissue
colonisation of floral parts
contact

As for Botryosphaeria

wound, water or soil/debris
infiltration, contact

direct

direct

colonisation of floral parts

internal colonisation of stems

wound, colonisation of cut
pedicel or floral remnants

wound, water or soil/debris
infiltration, contact

direct, wound
contact

wound, water or soil/debris
infiltration, contact
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Table 5.

Some fungicides applied in the field to prevent and/or eradicate infection by fungal or bacterial pathogens.

Fungicide®

Pathogens controlled

Mancozeb

Copper hydroxide or oxychloride
Chlorothalonil

Prochloraz

Pyrazophos, fenarimol, tridimefon

Alternaria, Colletotrichum, Elsinoe, Guignardia,
As for mancozeb plus Pseudomonas, Xanthomonas
As for mancozeb

As for mancozeb

Powdery mildews

? Regulations need to be established which define permitted uses (crops and target pathogens), application timing, dose, method of
application, maximum residue level, applicator precautions, and waste disposal method.

the degradation of organophosphate insecticides.
Higher rates can also damage fruit and should be
assessed on a case-by-case basis. If insecticides are
used for disinfestation, they must be applied sepa-
rately and last.

Disinfectants and washing

The addition of disinfectants, fungicides, in-line
filters and sterilising systems, and the use of non-
recirculating sprays can reduce the risks associated
with fruit washing. Sugar and Spotts (1986) demon-
strated that sodium lignin sulfonate (a by-product of
paper manufacture) used to improve flotation of
pears in postharvest treatment lines inhibited spore
germination by spores of Botrytis cinerea, Penicil-
lium expansum Link. ex Thom., Mucor piriformis
Fischer, and Phialophora malorum (Kidd & Beaum.)
McCulloch, and in combination with sodium ortho
phenylphenate (SOPP), improved control of decay
caused by P. malorum, compared with SOPP alone.
Flotation salts and other dip additives or dip decon-
tamination procedures could reduce the impact of
dip-tank water as a source of inoculum for tropical
fruit pathogens.

Johnson and Cooke (1989) noted that the time
between harvest and disinfection of wounds was crit-
ical. Disinfection with sodium hypochlorite control-
led yeasty rot on tomato when applied within 3 hours
of wound inoculation with G. candidum, whereas 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 suscepti-
bility of winter-grown tomatoes to yeasty rot. Those
held at 30°C for 24 hours remained resistant to
wound infection by G. candidum, while those held at
36°C were susceptible. This result offers an explana-
tion for the prevalence of yeasty rot in summer-
grown tomatoes, and its absence in winter-grown
crops, and suggests that harvesting in the early morn-
ing or at night when the fruit are cooler could reduce
losses from this disease. Hershenhorn et al. (1989)
found that when lemons were treated at 80°C for two
minutes, active lesions were produced by avirulent
strains of G. candidum that produced only dry, lim-
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ited lesions in unheated lemons. Susceptibility of
lemons to G. candidum also increased with physio-
logical age, treatment with ethylene, and water poten-
tial of the lemon peel (Baudoin and Eckert 1982;
Davis and Baudoin 1986).

Sorting, grading, culling

Sorting and grading provide an opportunity to
remove fruit that show signs of disease. Slightly dam-
aged fruit may be downgraded and sold at a lower
price, or used for processing. Illustrated charts which
show the types of defects, and indicate some maxi-
mum tolerance for surface coverage (often 2-5 %)
will help packing shed staff to decide what to remove.
The charts may also inform them about the types of
blemish that increase in severity during storage or
which would spread to other fruit by contact, or
water- or airborne spores, and suggest procedures to
follow when such material is encountered (e.g. dis-
card to bin, put aside for processing).

Brushing and waxing

Brushing fruit with rotating brushes installed on a
packing line can improve fruit appearance by remov-
ing the superficial growth of sooty mould, as well as
deposits of fungicides applied in the field or the pack-
ing shed. Brushing also removes organic debris such
as leaf and floral material that sometimes adheres to
the developing fruit. Brushing, however, also
removes some of the fruit cuticle, and can create
small wounds through which pathogens can invade.
Waxing after brushing helps seal the wounds. Fungi-
cides and insecticides can be incorporated into the
wax. Check market acceptance of the practice first.
Not all fruit tolerate currently available waxes. Rip-
ening can be adversely affected by their use.

Drying

Drying procedures to remove surface water from the
fruit skin decrease opportunities for spores to germi-
nate and infect, and help seal wounds. Drying of
freshly harvested onions removes excess water from
the tops, reducing losses from aspergillus rot. Heat-
curing procedures have also shown promise in citrus,
reducing disease by a combination of effects on



wound healing, propagule desiccation, and stimulation
of fruit resistance (Barkai-Golan and Phillips 1991).

Eradicant Treatments for Pathogens

Heat treatments

Heat treatments are a ‘clean’ means of eradicating
infections of postharvest pathogens. Some regimes are
listed in Table 6. Many tropical and subtropical fruit
have a moderate tolerance of heat that allows fruit heat-
ing in regimes that do not damage fruit, but destroy
infections in the skin and stem end (Barkai-Golan and
Phillips 1991; Coates and Johnson 1993). Generally,
sub-cuticular infections in the skin are more easily
eradicated by heat treatments than more deep-seated
infections that have penetrated epidermal cells or pedi-
cel tissues. This is because the fungal structures are
closer to the surface and more quickly heated to a lethal
dose. Hot water can be used in combination with a fun-
gicide to increase efficacy and reduce the temperature
needed. There is often a narrow margin between patho-
gen destruction and fruit damage (Coates and Johnson
1993; Jacobi et al. 1994). Hot water dips have been
widely used for control of postharvest diseases of
mango, usually in combination with the fungicide ben-
omyl. Johnson and Coates (1993) summarise recently
evaluated regimes for mango. On mango, the use of
heat in combination with fungicides other than beno-
myl has been assessed most extensively in South Africa
(Lonsdale et al. 1991; Pelser and Lesar 1990, 1991).

Disinfestation

Recently, heat disinfestation treatments for fruit fly
and other pests have received considerable attention
(Paull 1990; Armstrong 1992; Heather 1994b) and
their use influences disease control strategies. Coates
and Johnson (1993) and Jacobi et al. (1994) reviewed
disease control obtained using heat disinfestation treat-
ments, and summarised the commercial and experi-
mental heat treatments for control of postharvest
diseases of temperate, subtropical, and tropical fruit.
Jacobi et al. (1994) reviewed the disease control and
fruit quality benefits and disadvantages of fruit fly dis-
infestation regimes for mango. The limitations of cur-
rent disinfestation regimes for disease control could be
overcome by: (i) targeting pathogen quiescent struc-
tures more effectively or increasing their sensitivity to
heat; (ii) increasing heat-fungicide treatment syner-
gism; and (iii) increasing the tolerance of fruit to both
heat treatments and post-treatment handling and stor-
age. Coates and Johnson (1993) note the opportunity
for post-heat-treatment application of biological con-
trol agents to occupy the biological vacuum created by
the heat treatment, a situation which may also exist fol-
lowing sulfur dioxide and acid treatment of lychee.
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Fumigation to control pathogens

Tongdee (1994) reviewed the use of sulfur dioxide
(8O,) to control postharvest diseases and to improve
the appearance of lychee and longan, and noted that
the treatment has had a long history of human use for
food preservation. Tongdee (1994) also stressed the
needs for careful and precise application of SO, to
ensure that residue levels were not exceeded and for
incorporation of a scrubbing system into the treat-
ment facility to prevent atmospheric pollution. Sulfur
dioxide is also widely used to control grey mould and
other postharvest diseases of grapes (Cappellini et al.
1986). One constraint on the use of SO, for disease
control is its bleaching effect; red fruit turn white ini-
tially, but the colour returns with exposure to oxygen
or dilute hydrochloric acid (Keetsa and Leelawatana
1992; Underhill et al. 1992). The application of sulfur
dioxide by the use of sodium metabisulfite slow-
release pads reduces the environmental risk and resi-
due hazards, and has been adopted for disease control
in grapes during export. Slow-release pads are also
being developed for lychee and longan (Zauberman
et al. 1990; Underhill et al. 1992; Kremer-Kohne
1993; Tongdee 1994). Slow-release application
ensures that fruit are protected from new infections
during transport and storage, but does not allow for a
post-fumigation treatment to restore fruit colour.

Other non-residual fumigants have also been
assessed for control of fruit pathogens, including
acetylene (Avissar and Pesis 1991) and hinokitiol, a
volatile oil extracted from Japanese cypress (Hiba
arboruitae) (Fallik and Grinberg 1992; Aharoni et al.
1993), but the toxicity of the former to humans pre-
cludes its use. Volatile compounds are an attractive
option for control of disease during storage. The
active agent can be slow-released to extend control
over a long storage period. Once the package is
opened, any residue dissipates readily.

Systemic fungicides

Despite the implementation of comprehensive pro-
tective control measures, some infections establish on
fruit, particularly when rain falls before harvest. Eck-
ert and Ogawa (1985) and Eckert (1990) have
reviewed the chemical control of postharvest diseases
of subtropical and tropical fruit, and summarise infor-
mation about effective fungicide—pathogen—fruit
combinations. Fungicide choice will also be influ-
enced by whether use of the product is permitted in
the target market for the commodity.

Some fungicides enter host tissue after application
so that their effects may extend beyond the tissue cov-
ered during application. Distribution, and the extent of
systemic effects, vary with fungicide, and mode and
time of application.
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Table 6.

Commercial and experimental postharvest disease control treatments involving heat, either hot water (HW) or hot air (HA).

Fruit Pathogen Heating Temperature Time Fungicides References
method °C)
Apple Penicillium expansum HW 545 45s benomyl or thiabendazole Spalding et al. 1969
Gloeosporium sp. HW 45 6~11 min - Burchill 1964
Grapefruit Penicillium digitatum HW 50 5 min - Spalding and Reeder 1985
Lemon Phytophthora sp. HW 46-49 4 min - Klotz and De Wolfe 1961
Penicillium digitatum HW 52 5-10 min - Houck 1967
Lychee Various fungi HW 52 2 min benomyl Scott et al. 1982
Various fungi HW 48-50 2 min benomyl Wong et al. 1991
Mango Colletotrichum gloeosporioides HW 51 15 min - Pennock and Maldonaldo 1962
C. gloeosporioides HW 55 5 min - Smoot and Segall 1963
C. gloeosporioides HW 54.5 S min benomyl-thiabendazole  Spalding and Reeder 1972
C. gloeosporioides HW 51.5 5 min benomyl Muirhead 1976
Dothiorella dominicana HW 52 5 min benomyl Johnson et al. 1990c
Lasiodiplodia theobromae (Syn. Diplodia natalensis) HW 52 5 min benomyl Johnson et al. 1990c
C. gloeosporioides HW 53 3 min imazalil Spalding and Reeder 1986
Diplodia natalensis HW 53 3 min imazalil Spalding and Reeder 1986
Phomopsis citri HW 53 3 min imazalil Spalding and Reeder 1986
Melon Various fungi HW 52 2 min - Teitel et al. 1989
Fusarium spp. HW 57 30s - Wells and Stewart 1968
Various fungi HW 55 1 min benomyl and guazatine = McRae and Muirhead 1983
Nectarine Monilinia fructicola HA 52 15 min - Anthony et al. 1989
Orange Phomopsis citri HW 53 S min - Smoot and Melvin 1963
Penicillium digitatum HW 53 S min - Smoot and Melvin 1963
Diplodia natalensis HW 53 5 min - Smoot and Melvin 1963
Papaw (papaya) Various fungi HW 43-49 20 min - Akamine and Arisumi 1953
Various fungi HW 54 3 min - Couvey and Alvarez 1984
(spray)
Peach Monilinia fructicola HW 54.5 3 min - Wells 1972
Rhizopus stolonifer HW 545 3 min - Wells 1972
M. fructicola HW (dip 52 10-30s  DCNA or benomyl in wax
or spray)
Pear Alternaria tenuius HwW 47 7 min - Ben-Arie and Guelfat-Reich 1969
Prune Monilinia fructicola HW 52 3 min DCNA and benomyl Jones and Burton 1973
Raspberry Rhizopus sp. HW 52 1-2 min - Worthington and Smith 1965
Botrytis sp. HA 43 30-60 min -
Strawberry Botrytis cinerea HA 44 40-60 min - Couey and Follstad 1966
Rhizopus stolonifer HA 44 40-60 min - Couey and Follstad 1966




Systemic fungicides can have a ‘kick-back’ effect,
eradicating infections that were initiated one or more
days before treatment. Their ability to eradicate infec-
tions will depend upon the time between infection
and application of the fungicide, the location of qui-
escent infection structures, fruit maturity stage, and
the penetration and covering properties of the fungi-
cide formulation. Cuticle thickness will influence
fungicide penetration, and treatments which soften or
strip fruit cuticle will increase fungicide efficacy.
Cuticle removal can, however, increase water loss
and susceptibility to brushing damage. Information
on the kick-back effect of a particular fungicide is
sometimes available from the manufacturer and may
be printed on the product label.

Hot benomyl and prochloraz are effective against
anthracnose and alternaria rot and the former treat-
ment also controls stem-end rot of mangoes during
storage at 13°C (Johnson et al. 1990c; Lonsdale et al.
1991), and either or both of the treatments are also
effective on other hosts (cucurbits, lychee, papaya)
(Eckert 1990). Imazalil has also been widely evalu-
ated and is effective against anthracnose, while ipro-
dione provides good control of transit rot caused by
Rhizopus spp. (Eckert 1990). The future prospects for
these treatments are uncertain.

Regulatory constraints

Of greater concern for the continuing availability of
postharvest fungicides are the socioeconomic pres-
sures that have persuaded chemical manufacturers to
withdraw postharvest registrations for fungicides. The
European Parliament has voted for a complete ban on
the postharvest treatment of fruit and vegetables with
pesticides within the European Community (E.C.). The
ban will only come into effect once 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 residues apply to imports from non-
E.C. countries and to exports from the community
(Anon. 1991). In the United States of America, Du
Pont Pty Ltd withdrew all postharvest registrations for
benomyl (Vaux, in litt. 1989). The decision by Du Pont
(USA) has not yet extended to important tropical fruit-
producing countries e.g. the banana trade in South
America, but the treatment has never been acceptable
in some other markets.

One of the problems in achieving registration for
postharvest fungicides 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
associated with registration or label extension.
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Irradiation

In the quest for clean disinfestation treatments,
considerable research has been undertaken on gamma
irradiation (Thomas 1985). As part of this research,
its potential for disease control has been examined
(Moy 1983; Johnson et al. 1990a,b). Many published
reports on irradiation do not distinguish benefits con-
ferred by eradicating infections from those conferred
by delaying ripening or senescence, which can them-
selves delay (rather than eliminate) disease. Dose
rates required to eradicate infections range from
2000-3000 Gy, but can be as low as 1000 Gy or as
high as 6000 Gy, far higher than the doses required
for disinfestation (75-300 Gy). For most fruit—patho-
gen associations, the radiation dose required for suc-
cessful disease control is deleterious to fruit quality,
although some researchers have reported a synergism
of the disease control effects of irradiation, hot water,
and fungicide treatments (Moy 1983).

While irradiation may provide a measure of control
of quiescent infections in fruit at the time of treatment,
it provides no residual protection against attack by
wound pathogens and necrotrophs. Successful control
of one pathogen could reveal additional problems.
Johnson et al. (1990b) found that irradiation of straw-
berries at doses from 600 to 2000 Gy reduced the inci-
dence of grey mould caused by Botrytis cinerea during
storage at 0-2°C for 4 weeks, but that during subse-
quent storage for 24 hours at 18°C, a high incidence of
alternaria rot caused by Alternaria alternata 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. alternata ends.

Packaging

Muirhead and Grattidge (1986) reported that wood
wool, a by-product of the timber industry, used when
packing mangoes, harboured Rhizopus stolonifer
(Ehrenb. Fr.) Lind which causes transit rot. Elimina-
tion of the packaging material controlled the disease.
Transit rot is a serious disease of papaya and can also
cause losses in sulfur-dioxide fumigated lychees.
Packaging materials can provide a physical barrier
which excludes inoculum or limits spread within a
consignment. Waxes can also function in this way.

Delaying Symptom Appearance

For the postharvest pathogens, which can infect fruit
between flowering and harvest but do not develop fur-
ther until after harvest (for example C. gloeosporioides,
Dothiorella spp., A. alternata), the quiescent period can
vary from a few days to many weeks (Simmonds 1941,
Home and Palmer 1935; Peterson 1978; Dodd and Jef-
feries 1989). For such postharvest pathogens, the critical



quiescent period (CQP) should be defined as the time
between harvest and disease appearance, during which
the produce remains free of symptoms and thus market-
able and fit for consumption (Johnson 1992).

The cessation of quiescence for particular posthar-
vest pathogens can result from a decline in the con-
centration of antifungal compounds (Prusky et al.
1988; Droby et al. 1987; Prusky and Keen 1993), or
anatomical changes in fruit structure (Brown and
Wilson 1968). Such changes often occur in parallel
with the commencement of ripening and the respira-
tory climacteric (Simmonds 1941; Schiftmann-
Nadel et al. 1985). Throughout Southeast Asia, culi-
nary practice exploits the critical quiescent period of
many tropical fruit pathogens. Many fruit are con-
sumed at the mature-green stage before disease
appears, with full-ripe fruit considered inferior.
Expansion of export markets and demands by the
expatriate community and western tourists for ripe
fruit requires a greater degree of disease control than
is necessary when fruit are consumed mature-green.

Temperature

Sommer (1985) considered that all other methods of
disease control should be considered as supplements to
refrigeration. Cool storage offers great potential for
immediate and future improvements in fruit quality
and disease control. Low temperature storage slows
the physiological processes associated with ripening
and the growth of fungi (alternatively, a different suite
of low temperature pathogens may be favoured). Sus-
ceptibility to chilling injury is a major impediment to
full exploitation of cool storage. Enhancement of host
tolerance of low temperature storage by (i) selection
within (and outside) the host gene pool, (ii) develop-
ment of ‘conditioning’ treatments that increase fruit
tolerance of low temperatures, and (iii) development of
storage regimes in which periods of low temperature
fluctuate with periods of high temperature all offer
potential for reducing disease losses.

What constitutes a ‘long’ storage period varies
with commodity, decreasing with increasing storage
temperature and the relative ‘tropicalness’ and low
temperature intolerance of the commodity. Minimum
temperatures tolerated by subtropical and tropical
fruit are summarised in Table 2, while minimum tem-
peratures below which a pathogen is unlikely to cause
disease are summarised in Table 3.

Although cool storage effectively extends the
marketing period for many tropical fruit, the post-
storage vigour of the fruit may decline rapidly. Jones
(1991) showed that the need for postharvest
application of prochloraz to control crown rot of
bananas caused by Fusarium spp. depended upon the
length of the preripening storage period. Postharvest
treatment with prochloraz was unnecessary when
fruit were ripened immediately after treatment, but
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significantly reduced crown losses compared with
untreated fruit, when the bananas were held at 13°C
for two weeks before ripening.

In developing storage temperature schedules to
slow fruit ripening and disease development, consid-
eration must also be given to prevention of water
vapour condensation. Free water on the fruit surface
can favour infection by wound pathogens and the
development of superficial fungal growth. Unfore-
seen off-loading of wrapped fruit on an airport tarmac
can dramatically increase disease development en
route, the effects being due to water vapour conden-
sation favouring superficial mould growth and higher
temperatures favouring ripening.

Storage atmosphere

Kader (1994) and Ben-Yehoshua et al. (1994) have
reviewed the use of modified and controlled atmos-
pheres and surface coatings for extension of storage
life. Extension of the critical quiescent period for
postharvest pathogens can be concomitant with stor-
age atmosphere effects that delay ripening.

Stimulation of host defences

El Ghaouth et al. (1992) found that chitosan, an
ingredient of some fruit waxes, reduced the growth
of R. stolonifer, C. gloeosporioides, Botrytis cinerea
and Alternaria alternata, in vitro, and suggested
that it had potential for postharvest disease control.
Chitosan has elicited phytoalexin production in
some hosts (Kendra and Hadwiger 1984; Kendra et
al. 1989; Wilson et al. 1994). Wilson et al. (1994)
have reviewed another approach to elicitation of
host defences, the exposure of fruit to near-UV irra-
diation. Elicitation of host defences using posthar-
vest carbon dioxide flushing, or pre- or postharvest
challenges with non-pathogenic microorganisms
also may have commercial applications (Prusky et
al. 1993, 1994; Freeman and Rodriguez 1993).

Minimal processing

Siriphanich (1994) has reviewed minimal process-
ing of tropical fruit, a procedure that eliminates quies-
cent 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 Rhizopus spp. which
can quickly destroy fruit flesh. Despite washing, pecto-
lytic enzymes in the juice from decayed fruit can
remain active and cause fruit softening after minimal
processing or canning. A sodium hydroxide wash inac-
tivates the enzyme (Sommer et al. 1992),

Mycotoxins

The salvage of edible flesh portions from partly
decayed or damaged fruit for processing introduces



another risk — mycotoxin contamination. Mycotoxin
production 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 represents an additional
risk. Further work is needed to determine the extent
of mycotoxin production by fruit pathogens, and to
establish protocols for monitoring their presence in
processed fruit products.

Insects and Mites

Most tropical fruits are hosts of fruit flies or other
insect pests which are the subject of specific prohi-
bitions by quarantine authorities of importing coun-
tries. Mites may also occur in export produce but
they are not usually subject to quarantine prohibi-
tions, and some tolerance is usual. Packaging mate-
rials and transportation containers can also become
infested with insects, molluscs such as the Giant
African Snail, or vertebrate pests, and lead to the
imposition of mandatory fumigation or other quar-
antine treatments at the port of entry. Control of
insects and other pests begins in the orchard. Vijay-
segaran (1994) has reviewed options for the field
control of fruit flies; the same primary approaches
apply to the field control of other pests. In addition
to orchard measures which aim to prevent fruit
infestation, postharvest measures are often required
to satisfy the requirements of an export market for
absolute freedom from a pest.

Disinfestation

The purpose of disinfestation treatments is to pro-
vide an assurance to the authorities of an importing
country that the commodity will be free of the pest
which is the target of the treatment. This was
achieved for many years by fumigation with ethylene
dibromide (EDB), methyl bromide (MeBr), or by
treatment with insecticides. Because of chemical resi-
dues, EDB was deregistered for this purpose in the
USA in 1984 (Anon. 1984). Other countries, includ-
ing Japan and New Zealand, have followed, catalys-
ing initiatives to develop non-chemical alternatives to
it and other treatments which leave chemical resi-
dues. The use of methyl bromide is currently being
challenged because of its effects on the atmosphere
(Anderson, U.S. EPA, pers. comm.).

Alternatives to chemical treatments are available.
They include physical treatments with heat, cold, or
irradiation, and operational measures in the produc-
tion system for the commodity. In the selection of a
treatment it is necessary to reconcile acceptable pest

113

risk levels with damage caused to the commodity and
the additional operational costs involved.

The steps involved in obtaining approval for a dis-
infestation protocol before exporting fruit to Japan
are outlined in Figure 2. Note the significant role
played by the Japanese authorities in the acceptance
and ongoing implementation of the protocol.

Pest identity and host relationships

The relationship between the pest and its host is
of major importance (Armstrong and Couey 1989).
The taxonomy of fruit flies, especially, is constantly
under review with a revision of the group of major
quarantine importance in Southeast Asia, the Bac-
trocera dorsalis complex, recently completed (Drew
and Hancock 1994). The taxonomic identity of the
pest against which treatments are being developed
should be recorded by deposit of voucher specimens
in a permanent reference collection to guard against
future revision of a taxon. It is important to ensure
that the insects used to develop a treatment are of
the species which constitutes the quarantine prob-
lem. Fruit flies have speciated prolifically and many
species are morphologically very 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 which infest the fruit are
highly relevant. For fruit flies it is the eggs and larvae
which are the target of quarantine disinfestation treat-
ments. Other stages are important in other pests, e.g.
mango seed weevil, thrips, mites. The stage against
which the treatment must be effective can have a
major influence on selection of the treatment while
the age within each stage can influence the result of a
treatment markedly (Corcoran 1993; Heather et al.
1991; Balock et al. 1963).

Armstrong (1992) and Cowley et al. (1992)
addressed the issue of host status from a regulatory
viewpoint, and there are a number of model studies
which undertake actual host status determination
(Seo et al. 1970a; Von Windeguth et al. 1976; Arm-
strong and Vargas 1982; Armstrong et al. 1983;
Spitler et al. 1984). These studies show that there can
be cultivars of a commodity which are not susceptible
to the pest, or that there are conditions under which
the host status can be negative.

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 justification that to be effective against an
insect pest, a quarantine disinfestation treatment need
only prevent its establishment in the importing



country (Ouye and Gilmore 1985). This translates as
inability of a treated insect to survive and reproduce,
and it may involve delayed mortality or some other
form of inhibition of reproduction.

Efficacy requirements

Countries such as the USA and Japan typicaily
require a disinfestation treatment for fruit flies which
causes mortality almost immediately, or at least
before pupation, and meets prescribed standards of
efficacy. This has advantages where the commodity
must pass a post-treatment inspection, the production
history of the commodity is not known, and where
the likelihood of infestation cannot be estimated.
These treatments can be required to achieve an effi-
cacy of probit 9 or 99.9968% mortality (Baker 1939).
Probit 9 dosage can be predicted using the regression
analysis methods of Finney (1971), provided that the

true response line is linear. For fruit fly experiments
where the number of insects treated cannot be ascer-
tained with certainty, that is, only survivors can be
counted, a variation of probit analyses such as the
‘Wadley’s Problem Version’ must be used (Wadley
1949). Having predicted probit 9 it is then usual to
confirm that it is achievable by treating 100000
insects of the most tolerant stage occurring in or on
commercial fruit, without survivors. One hundred
thousand insects treated, without survivors, demon-
strates probit 9 mortality at the 95% confidence level
(Couey and Chew 1986).

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. 1990). This strategy is a development of
the conceptual proposals of Landolt et al. (1984) who
showed that, for fruit flies, acceptable quarantine risk

QUARANTINE PROTOCOL
MINISTRY OF AGRICULTURE, FISHERIES AND FOOD, JAPAN

The steps necessary for obtaining approval for entry of a fruit are as follows:

and submittal of necessary data to Japan

Technology for perfect disinfestation of the pests,

-=-- by the government of a country
requesting the removal of the ban

When the data sent are not sufficient

Evaluation of test data

- --- by the Japanese plant quarantine
authaority

When the data sent are sufficient

Investigations in the exporting country by
Japanese experts

..... by the plant gquarantine authorities in
Japan and in the exporting country

Consultations between the two countries

..... by the plant quarantine authorities in
Japan and in the exporting country

Public hearing in Japan

Amendment of related laws and regulations in
Japan and (if necessary) the exporting country

r

Start of actual importation

---- despatching of Japanese plant

inspector to exporting country

Figure 2. The steps involved in obtaining approval of a disinfestation protocol

before exporting fruit to Japan.



levels could be based on the probability of a mating
pair surviving a shipment.

Non-chemical Disinfestation
Methods and Technologies

Heat

There are two practical ways in which heat can be
applied to fruit to produce temperatures which are
lethal to fruit flies or other pests but do not cause
unacceptable damage to fruit (Table 7). One is to use
circulated hot air, the other is to immerse the fruit in
hot water (Armstrong and Couey 1989). To date,
other methods of heating, such as microwave tech-
nology, have proven unsuitable (Seo et al. 1970b;
Hayes et al. 1984), but research on their application is
continuing (Sharp 1994).

Heating with air

Heat treatments for disinfestation of fruit against fruit
flies commenced in 1929 with the work of Baker et al.
(1944) (cited by Balock and Starr 1945). Their experi-
ments treated fruit infested with Mediterranean fruit fly
Ceratitis capitata (Wiedemann) and Mexican fruit fly
Anastrepha ludens (Loew). Subsequently, work in
Hawaii (O.C. Mc¢Bride and A.C. Mason, USDA Inter-
nal report on project 2012, 1933), was done on the
melon fly, Dacus cucurbitae (Coquillett) (Baker 1939).
Seo et al. (1974) reported a treatment of 44.5°C for
papaya against Oriental fruit fly Dacus dorsalis Hendel.
Early treatments adopted by USDA regulatory authori-
ties were typically over a long time (e.g. 14 hours) and
at temperatures in the vicinity of 44°C (Anon. 1985).

Technologically, these treatments involved cham-
bers of air heated by steam (hence ‘vapour heat’). The
temperature was controlled by thermostat and circu-
lated by fan (Balock and Starr 1945). Heating effi-
ciency was enhanced by the condensation effect of
the steam on the fruit. Other technology used in
experiments involved a ‘Carrier Machine’ which
used circulated heated air humidified by a water
spray. Two factors acted against widespread use of
the technology. Firstly, the fumigant EDB became
available around 1950 (Armstrong and Couey 1989)
and provided more rapid, cheaper treatments which
carried less risk of fruit damage. Secondly, tempera-
ture control equipment before microprocessors
became available was bulky and comparatively unre-
liable. The deregistration of EDB in 1984 by U.S.
authorities (Anon. 1984) catalysed the development
and adoption of alternative treatments.

Research on the development of circulated hot air
treatments has been done in many countries including
Japan, the USA, the Philippines, Thailand, and Aus-
tralia. Japanese research involved actively circulated
heated air approaching saturation with water vapour.

115

It was referred to as ‘a differential pressure vapor
heat process’ and targeted B. dorsalis and B. cucurbi-
tae in green peppers, egg plant and cucurbits accord-
ing to host status (Sugimoto et al. 1983; Furusawa et
al. 1984; Sunagawa et al. 1987, 1988, 1989). Treat-
ments are mostly defined in terms of time after reach-
ing a target temperature. However, the run-up time
and temperature contribute to fruit fly mortality so
fruits which heat quickly, e.g. capsicums (peppers)
tend to require longer times at the target temperature.
Work in the USA involved forced circulation of hot
air at differing humidities according to requirements
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 which condensation would occur on
mangoes, and Hallman (1990) used water-vapour sat-
urated air for carambolas. Sharp (1992) reported
studies on mangoes but did not report the water
vapour status of the circulated air. These U.S. studies
covered a range of fruit fly species including Ceratis
capitata, Bactrocera 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 Japa-
nese researchers. The steps involved in a typical heat
disinfestation schedule are shown in Figure 3.

Fruit from harvest

N\ S/

PACKING FACILITY
Fungicidal dip
(where permitted)/
Hot water disease
control treatment

;

Fruit sizing
{critical to reduce heat
damage risks})

|

Plastic baskets

!

VHT UNIT

!

( FRUIT FLY SECURE ZONE
Grading and Labelling
Packing
QUARANTINE INSPECTION
SEALED

HOLDING ROOM =—»~TRANSIT

Figure 3. The steps involved in a typical heat disinfestation
schedule.



Substantial trade in mangoes has developed from
the Philippines to Japan based on a vapour heat
schedule against B. philippinensis Drew and Han-
cock, a Philippines geographic race of B. dorsalis
(Merino et al. 1985). The treatment involves heating
to 46°C core temperature, which is then held for 10
minutes before fruit is hydrocooled. A further treat-
ment has been developed for Philippines papaya,
using the same facilities as are used for mango (E.
Tuazon, Bureau of Plant Industries, Manila, pers.
comm.).

In Thailand, a similar treatment developed against
B. dorsalis in several cultivars of mango (Unahawutti
et al. 1986) identified 46.5°C as a disinfestation tem-
perature which did not cause unacceptable damage to
fruit. They found that the cooling method affected
treatment efficacy so temperature and treatment times
needed to be raised to ensure 99.99% efficacy when
fruit were hydrocooled. They also experimented with
relative humidity (r.h.) of the treatment air using air
of 50% r.h. during a preheating period and 95% r.h.
air during the final stages of treatment (Unahawutti et
al. 1992). These studies illustrate the complex inter-
relationships of time, heat transfer, and temperature.

In Australia, studies on Queensland fruit fly, B. try-
oni (Froggatt) and the cucumber fly, B. cucumis
(French) with hot air treatments using near saturated
air have resulted in treatment schedules for mangoes,
zucchini, rockmelons (cantaloupe), and tomatoes
(Heard et al. 1992; Corcoran et al. 1993; N. Heather,
unpublished data). For these species the mature egg is
the stage most tolerant to heat (Heard et al. 1991;
Corcoran 1993). Treatment temperatures required for
probit 9 efficacy range from 44°C for 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 treatment. Dip-
ping of fruit in water at 50-55°C is a long standing
treatment for the control of fungal diseases (Arm-
strong and Couey 1989; Coates and Johnson 1993)
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 selection criteria, against B. dorsalis, B.
cucurbitae, and C. capitata. This was adopted by
USDA regulatory authorities (Anon. 1985) and used
for some years before being replaced by hot air treat-
ment, presumably because of fruit damage. For man-
goes, Sharp and co-workers (Sharp 1986; Sharp et al.
1988, 1989a,b,c) developed hot water dips as quaran-
tine disinfestation treatments against Anastrepha spp.
and in one instance, C. capitata. The mango varieties
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involved were ‘Tommy Atkins’, ‘Keitt’, ‘Oro’,
‘Kent’, ‘Francis’, ‘Haden’, and ‘Ataulfo’. These
authors reported that fruit were undamaged by water
at a temperature 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 treatment on some mangoes exported
from Mexico to Japan. However, Sharp (1985)
reported that the treatment was not suitable for grape-
fruit because of fruit damage, and Hallman and Sharp
(1990) reached a similar conclusion for carambolas.

Where hot water dips were used for disinfestation
of mangoes of the variety Kensington in Australia,
damage occurred (Jacobi and Wong 1992). This dam-
age involved starch deposits, occurring as granules or
lumps in the flesh, and was very similar to that
recorded by Esquerra and Lizada (1990) in Philippine
mangoes variety Carabao, damaged by vapour heat
treatment. As a quarantine treatment, E.S.C. Smith
and D. Chin, Berrimah N.T. Australia (pers. comm.)
showed that a hot water dip at 47°C for 70 minutes
conferred adequate security against B. aquilonis
(May), a species very closely related to B. tryoni.
They found that damage was avoided by holding fruit
at ambient temperature for 24 hours after harvest
before dipping. Considerable additional research is
required to establish margins of safety for hot water
disinfestation of Kensington mangoes.

Disinfestation schedules involving heated water or
hot air are summarised in Table 7.

Cold

Few tropical fruits will tolerate the low tempera-
tures required for quarantine disinfestation against
fruit flies. However, tropical species of fruit flies can
infest ‘temperate’ fruits which are not infrequently
grown in ‘tropical’ areas. Typical practical tempera-
tures for disinfestation are below 2°C, at which 16—
22 days exposure may be required by regulatory
authorities depending on the fly species. This does
not necessarily reflect the true response of the fly
species, and over-treatment may be occurring.
USDA schedules (Anon. 1985) require 16 days
treatment at a maximum of 2.2°C against C. capi-
tata and 22 days against B. tryoni. Recent research
(N. Heather, F. de Lima, and L. Whitfort, unpub-
lished data) has shown no significant difference in
response between the two species at 1°C and it is
probable that there is not any true difference in
response between the species at any cold disinfesta-
tion temperature. Some cold disinfestation sched-
ules are summarised in Table 8.

Benschoter (1984) developed a treatment schedule
against A. suspensa (Loew) in grapefruit involving a
preconditioning time at 10 or 15.5°C for 7 days, fol-
lowed by 12 or more days at 1.7°C. When fruit was
preconditioned at 10°C, adult survivors occurred



after 19 days treatment at 1.7°C indicating the possi-
bility of a cold acclimation effect. Approximately the
same numbers of pupal survivors resulted from pre-
conditioning at both 10 and 15°C, but no adults
ecloded after the 15°C treatment.

Burditt and Balock (1985) reported much less tol-
erance of cold by D. dorsalis and D. cucurbitae.
Their data predicted a 10-day treatment time at 2.8°C
to achieve probit 9 mortality. Burikam et al. (1992)
confirmed that in mangosteen 13 days at 6°C would
achieve 99.99% mortality against B. dorsalis. For B.
tryoni, Sproul (1976) and Hill et al. (1988) reported
that 16 days at 1°C were needed to achieve probit 9
mortality against eggs and larvae. For both of these
studies C. capitata was judged to be more tolerant of
cold than B. tryoni although differences would not
have been statistically significant and could have sim-
ply reflected experimental site differences. Subse-
quent 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 confirmed in mandarins, first with C.
capitata (F. de Lima, pers. comm.) 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 treat-
ment temperatures. Also, reluctance by flies to ovi-
posit in poor hosts and subsequent uneven
development makes for difficulty in obtaining homo-
geneous response data. As experimental procedures
become more precise, particularly with respect to the
age of the insect stages treated, many apparent differ-
ences in response can be expected to disappear.

Cold has the potential for in-transit treatment
where long sea distances to markets are involved.
Acceptance has been slow, ostensibly because of
imprecise temperature control and difficulties in
monitoring. Spanish exports are one for which it is
believed that this is currently being done but it is not
possible to cite a reference. Cold storage has great
potential to supplement the efficacy of other treat-
ments such as heat (Armstrong and Couey 1989),
modified atmospheres (Benschoter 1987), and irradi-
ation (Von Windeguth and Gould 1990).

Irradiation

The potential of irradiation to disinfest agricultural
and horticultural produce has been recognised since
early in this century, although most of the research
has been done in the latter half (Heather 1993). The
availability of gamma radiation sources, particularly
Cobalt 60, gave 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
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an effective method of disinfestation. They recom-
mended generic and specific dosages of irradiation
which would assure quarantine security based upon
appropriate criteria for effectiveness.

A prerequisite to the use of irradiation as a quaran-
tine treatment for agricultural commodities was
approval of its use for foodstuffs. The joint FAO/
WHO standard for irradiated foods (Codex Alimenta-
rius Commission 1984) approved recommended
doses up to 10 000 Gy as safe for use on any food.
Subsequently, the U.S. Food and Drug Administra-
tion (FDA 1986) approved doses of up to 1000 Gy for
disinfestation of fresh fruit and vegetables. Many
other countries followed suit and it is estimated that
the process is now approved in a majority of the
world. The USDA Animal and Plant Health Inspec-
tion Service (USDA 1989) has amended its quaran-
tine 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 1986)
recognised that irradiation could result in the pres-
ence of properly treated (sterile) but still living
insects in fruit at a post-treatment inspection.
Although not compromising quarantine security, they
would present a problem for inspection authorities
who would be uncertain of whether the treatment had
been properly applied.

The problem has almost certainly been over-esti-
mated for fruit flies. The level of infestation present
in export quality commercial fruit needs to be very
low regardless of quarantine requirements. Most mar-
kets have a nil tolerance for this type of pest based on
quality and consignments found to contain infested
units could be expected to be rejected on this basis.
This highlights the principle that quarantine disinfes-
tation treatments should not be used as a part of the
pest management needed to produce a quality prod-
uct. For insect pests which do not affect fruit quality
the problem is more valid. Means of identifying
insects which have received a delayed-lethal or repro-
duction-inhibiting dose of irradiation or any other
treatment but are still alive at the time of inspection
need to be considered (Rahman et al. 1990).

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. 1983), increasing the likeli-
hood of damage to fruit (McLauchlan et al. 1990).
Where a lower dose has been shown to achieve probit
9 efficacy it would be used; e.g. for Queensland fruit
fly, B. tryoni, a dose of less than 100 Gy, possibly 75
Gy, has been shown to be effective (Rigney and Wills
1985; Heather et al. 1991.)
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Table 7. Quarantine disinfestation schedules with heat against eggs or larvae of fruit flies in various fruits (after Heather 1994b).
Pest Species Fruit Method Temperature Time Reference
Anastrepha distincta (Greene) Mango Hot water 46°C 1.5 hours Sharp and Pincho-Martinez 1990
A. fraterculus (Wiedemann) Mango Hot water 46°C 1.5 hours Sharp and Pincho-Martinez 1990
A. ludens (Loew) (Mexican fruit fly) Mango Hot water 46°C 1.5 hours Sharp et al. 1989b
A. obliqua (Macquart) (West Indian fruit fly) Mango Hot air 48°C 1.5-3.5 hours Mangan & Ingle 1992
A. obliqua (Macquart) (West Indian fruit fly) Mango Hot water 46°C 1.5 hours Sharp et al. 198%9b
A. serpentina (Wiedemann) (Sapodilla fruit fly) Mango Hot water 46°C 1.5 hours Sharp et al. 198%9a
A. suspensa (Loew) (Caribbean fruit fly) Carambola Vapour heat  43.5-46.5°C 1-2 hours Hallman 1990
A. suspensa (Loew) (Caribbean fruit fly) Mango Hot water 46-47°C 1.5 hours Sharp et al. 1989b
Ceratitis capitata (Wiedemann) (Mediterranean fruit fly) Mango Vapour heat  43.5°C 14 hours Balock & Starr 1945
Papaya Hot air 46-47°C 5 hours Armstrong et al. 1989
Papaya Hot air 42 & 49°C 30 minutes + 20 minutes  Couey & Hayes 1986
Mango Hot air 46°C 1.5 hours Sharp et al. 1989a
Bactrocera cucurbitae (Coquillett) (Melon fly) Papaya Hot air 45-46°C 5 hours Armstrong et al. 1989
Papaya Hot water 42 & 49°C 30 minutes + 20 minutes  Couey & Hayes 1986
Momordica Vapour heat  45°C 30 minutes Sunagawa et al. 1988
Papaya Vapour heat  45.5°C 30 minutes Sunagawa et al. 1989
Egg plant Vapour heat  43°C 2 hours Furusawa et al. 1984
Mango Vapour heat  43.5°C 3 hours Sunagawa et al. 1987
Bactrocera dorsalis (Hendel) sens lat (Oriental fruit fly) Papaya Vapour heat  44.5°C 20 hours Seo et al. 1974
Papaya Hot air 45-46°C 5 hours Armstrong et al.(1989
Mango Vapour heat  46°C 2 hours + 10 minutes Merino et al. 1985
Mango Vapour heat  46.5°C 2 hours + 10 minutes Unahawutti et al. 1986
Mango Hot air 46.5°C 2 hours + 10 minutes Unahawutti et al. 1992
Papaya Hot water 42 & 49°C 30 minutes + 20 minutes Couey & Hayes 1986
Capsicum Vapour heat  43°C 3 hours Sugimoto et al. 1983
Bactrocera tryoni (Froggatt) (Queensland fruit fly) Mango Vapour heat  46.5°C 2 hours + 10 minutes N. Heather, unpublished data
B. cucumis French (Cucumber fly) Zucchini Vapour heat  45°C 2 hours + 30 minutes Corcoran et al. 1993




Table 8. Some cold disinfestation schedules.

Pest Temperature Time Fruits

Anastrepha spp. scaled scaled citrus
0.5-1.5°C 18-22 days pome fruit

Ceratitis capitata scaled scaled citrus

0-2°C 10-16 days grape
pome fruit

Bactrocera spp. scaled scaled citrus
0-2°C 13-22 days pome fruit

grape

Other nonchemical 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 the USA. This approach has
general applicability to pests, including fruit flies, and
warrants consideration 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 treat-
ments within the Moffitt concept. Mango seed weevil
(Sternochaetus mangiferae) is another pest which
could be handled in this way. I. Cunningham (pers.
comm.) has developed a sampling system which
identifies mango orchards free of detectable seed
weevil populations, and enables exports to markets
which have restrictions against it.

Quarantine security should be based on pest risk
(Rohwer and Williamson 1983), and disinfestation
treatments should be in accordance with the risk.
When the risk is not known, regulatory authorities
normally require the highest security postharvest
treatment available as a default position. As more
information on a pest becomes available, a review
mechanism is needed to ensure that treatments
required are neither unnecessarily harsh, nor cause
substantial reductions in the shelf life of the fruit.

Chemical treatments

Although there is a trend by consumers away from
postharvest chemical treatments they are still accept-
able where maximum residue limits (MRLs) can be
met, thus avoiding any public health risk. In Aus-
tralia, fruit fly disinfestation for fruit fly host com-
modities transported to fruit fly free regions relies
heavily on dips or sprays with the insecticides
dimethoate and fenthion (Heather 1994a). Depending
on the fruit, high levels of efficacy can be achieved,
e.g. tomatoes > 99.99% with less risk of phytotoxic
effects or damage than for physical treatments. The
low cost and low level of technology required makes
these treatments suitable for developing countries
where it is necessary to demonstrate a commitment to
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internal quarantine. Methyl bromide, and even EDB,
are still accepted by some markets provided that
MRLs are not exceeded.

Future Directions

Consumer preference for nonchemical disease con-
trol and disinfestation measures can be expected to
provide continued incentive for development of phys-
ical and biological treatments. There is considerable
scope for future development of heat and cold treat-
ments through the alleviation of damage to fruit, and
low-dose irradiation needs to be more widely
accepted as one of the physical treatment options.
Attention to accurate targeting of treatments may also
improve treatment efficacy for disease control and
reduce the risk of fruit damage. If treatment arrays
are integrated with a rationalised approach to quaran-
tine security requirements, there seems to be no rea-
son why a treatment appropriate to logistical and
quarantine considerations should not be possible for
most fruit. Fledgling fruit production industries will
face problems of funding the research necessary to
enable them to grow through exports. This is one of
the situations where a generic approach to treatments,
especially towards the pest species, would have spe-
cial value. Development of novel disease control
strategies will also require more research on the biol-
ogy of the pathogens involved. For insects, combina-
tion treatments are considered to have good potential
for future development.

Pest and disease control should be considered as
components of a total management system which aims
to (i) deliver product to customer specifications, and
(ii) monitor performance of both the product and the
system against that of the previous season and their
competitors—so as to correct deficiencies, address
new problems, and maintain the competitive edge.
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Postharvest Technology of Seafood Products

K.A. Buckle*

‘ Abstract

Postharvest fishery losses can play a significant role in determining the availability of fresh and processed
seafood products, especially for lower income groups in tropical countries. Within the past 25 years fishery
production has increased substantially throughout the world, and is now 100 Mt/year. However, population
increases and the inability to control seafood postharvest losses that probably average over 30% mean that
fishery landings from marine and freshwater areas, including aquaculture, will need to be increased, or loss-
es reduced and utilisation improved, if current per capita consumption is to be maintained.

This paper summarises developments in postharvest technology of seafood relevant to developing coun-
tries with a tropical climate. Improvements in handling and processing techniques, quality considerations,
waste utilisation, and training needs are highlighted. Fresh, cured, frozen, canned, and fermented fish prod-
ucts are discussed, with particular reference to strategies that may reduce postharvest losses and thus better
utilise resources. Developments in postharvest technology of seafoods that have been examined since the

International Workshop on Fishery Losses held in the USA in 1987 are reviewed.

THE total world catch of fish and marine invertebrates
(molluscs, crustaceans etc.) is about 100 Mt, of which
only about 20% is processed for food use. Of the lat-
ter about 30% is consumed while the remainder is
discarded as waste from which some by-products are
recovered (Shahidi and Botta 1994). Many small,
ugly, or odd-shaped species are underutilised, as are
others because of deficiencies in colour, flavour, or
texture. These are often converted into fish oils and
fish meal, or silage, concentrates, hydrolysates, and
fermented foods such as sauce or paste. Some under-
utilised species in recent years have been converted
into surimi-like products in which bland, colourless
protein products are coloured and flavoured to suit
specialised markets.

Seafoods are generally highly nutritious, with sig-
nificant protein contents (12-26%) and levels of
polyunsaturated fatty acids which contribute to
health benefits for human nutrition. However, these
attributes also contribute to significant spoilage and
quality changes during postharvest handling,
processing, and storage. Some seafoods are also sus-

* Department of Food Science and Technology, The
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Australia.
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ceptible to significant microbiological contamina-
tion from bacterial, viral or algal sources, and the
public health safety of products such as molluscan
shellfish is under increasing pressure due to anthro-
pogenic pollution or environmental changes that
lead to algal blooms.

Aquaculture of fish, shrimp, and other seafood
products has increased dramatically in the past 10
years, coinciding in some cases with depletion of nat-
ural stocks of marine species. If per capita consump-
tion of seafoods is to increase, or even be maintained
at current levels, considerable attention will have to
be placed on the reduction of losses during the post-
harvest chain by application of appropriate technolo-
gies, and on the better utilisation of existing resources
by the innovative development of new products for
increasingly sophisticated markets.

In the lesser developed countries, the principal
emphasis will be on the development of some simple
technologies, as well as the application of existing
knowledge and technologies, and their implementa-
tion at a level which is culturally and sociologically
acceptable and manageable. The high ambient tem-
peratures and humidities, lack of infrastructure and
equipment (such as refrigerated transport and storage
facilities), and in many cases product handling and
processing by untrained or inadequately trained per-



sonnel represent major stumbling blocks to the main-
tenance of high quality of seafoods. This invariably
results in the processing of poor quality raw materials
into a range of more shelf-stable products by drying,
curing, or fermenting, while higher quality raw mate-
rials are used for canning and freezing into products
destined for export and invariably beyond the pur-
chasing capacity of the lower income groups in the
population.

Postharvest losses in traditionally processed fishery
products are substantial yet often poorly documented
(Poulter et al. 1988). In products such as cured or
salted and dried fish, losses are due to decreased
nutrient availability, as a result of oxidation and
browning reactions, physical and sensory losses due
to insect attack, and economic losses due to product
fragmentation, quality downgrading, and spoilage by
a variety of mechanisms. From our studies on the
dried fish industry in Indonesia over the past 10 years
it is abundantly clear that much fish used for salting
and drying is initially only of low to medium quality
by comparison with quality standards for fresh fish,
but this appears to be acceptable to the market since
about 60% of the consumers either cannot afford
higher quality and hence higher price products, or
they are used to and expect dried products of a quality
less than what we would regard as optimum. Under
these conditions, significant changes to postharvest
handling practices may not only be resisted but also
discouraged since the existing handling and process-
ing practices are regarded as acceptable to significant
markets. The increasing urbanisation of the popula-
tion, and the availability of higher incomes as devel-
opment expands, may lead to substitution of
traditionally processed products by fresh seafoods or
other animal protein foods (e.g. beef, pork, poultry),
rather than by higher quality dried salted fish.

Irrespective of the type of seafood, current losses
are high and unacceptable, and any applications of
postharvest technologies to reduce such losses will
become increasingly important.

Quality of Postharvest Seafoods

The overall quality of seafood products involves both
sensory properties and those which are related to
wholesomeness. Wholesomeness is affected by the
chemical composition of the product (e.g. protein,
lipid) and its changes during storage, by the presence
of physiologically objectionable compounds of
endogenous or environmental origin (e.g. toxins, pol-
lutants), and by bacterial, viral, and parasitic contam-
ination (Sikorski and Sun Pan 1994).

The initial sensory quality of seafoods is related to
species, growing area conditions, fishing/harvest
techniques, and seasonal biological changes in mus-
cles and other organs, and is then influenced by post-
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harvest storage and processing conditions, principally
temperature and time. Sensory quality covers taste,
texture, odour, and colour, and each is important for
particular products. Maintenance of quality requires a
full appreciation of all factors affecting it, and the
means to achieve required controls.

Principal Chemical and Biochemical
Mechanisms of Seafood Deterioration

The maintenance of quality of seafoods and seafood
products is inextricably linked to biochemical and
chemical changes in the major constituents (proteins,
lipids), and in the microbiological quality of the raw
materials or of the waters from which they are har-
vested. I will briefly examine desirable and undesira-
ble changes in proteins and lipids in seafoods, since
control of these is critical if quality is to be main-
tained. The principal sources of microbiological con-
tamination also will be examined, and means of
control outlined.

Biochemical changes in proteins

Proteins in seafood products are subject to signifi-
cant changes during postharvest storage, processing,
and spoilage, and the proteinases responsible for such
changes have also been extensively studied (Haard
1994). Hydrolysis of proteins is responsible for both
beneficial and detrimental changes to the quality of
seafoods.

Quality improvement

Protein hydrolysis by tissue or endogenous
enzymes can result in desirable changes to the aroma,
texture, taste, and colour of seafoods in traditional
fermented foods such as sauces and pastes, and in
mildly salted fish. Digestive proteolytic enzymes are
increasingly used as processing aids for both seafood
and non-seafood products (Haard 1992). Work in our
laboratory is examining the utilisation of tropical fish
viscera by conversion into protein hydrolysates and
silage. The properties of proteases from tropical fish
are currently of some interest, as most of the previous
work has been conducted on enzymes from fish of
temperate waters, and the differences may be of com-
mercial relevance.

Quality deterioration

During postharvest storage of fish, crustaceans, and
shellfish, endogenous proteinases and other enzymes
cause significant losses of quality during both iced
and un-iced storage, not only in flavour and odour but
also in texture. Proteinases from the spoilage micro-
flora also contribute to significant changes, especially
during the later stages of spoilage. Rapid reduction in
temperature by refrigeration or icing generally is crit-



ical in reducing the activity of tissue enzymes and of
the spoilage flora. Other factors of importance are the
hygiene and sanitation of fishing vessels and process-
ing plants.

Seafood lipids and lipid oxidation

Seafood lipids have both positive and negative
attributes regarding nutrition and quality (Ackman
1994). Fish vary in lipid content from less than 1% to
over 20%, and the lipids are characterised by a high
content of C20 (eicosapentaenoic, 20:5, n-3) and C22
(docosahexaenoic, 22:6, n-3) omega-3 fatty acids.
Tropical fish tend to be quite lean, while those from
colder waters often contain more fat, although tropi-
cal sardines (e.g. Sardinella longiceps, Indian oil sar-
dine) can contain fat contents greater than 25% at
certain times of the year or phase of the life cycle.
These fatty acids appear to benefit the human vascu-
lar system and modify the adhesive properties of
blood platelets.

Seafoods contain high lipid levels in certain organs
(e.g. in the liver of cod, and under the skin of mack-
erel) while the lean muscle generally contains less
than 1% tat. For fish that contain light and dark mus-
cles, fat contents vary seasonally and are higher in the
dark muscle, and this can affect storage stability of
processed seafoods.

Lipid oxidation is a major cause of quality deterio-
ration in seafood, because of the lipid content per se
and the extent of polyunsaturation (Hultin 1994).
Catalysts for lipid oxidation are molecular and singlet
oxygen, metals such as iron and copper, and enzymes
such as lipoxygenase. In biological systems, molecu-
lar oxygen is relatively unreactive until transformed
into superoxide, hydrogen peroxide, or hydroxyl free
radicals, which can and do interact with unsaturated
fatty acids to initiate lipid oxidation. Iron is present in
tissues, especially dark muscle, in haem proteins
(myoglobin and hemoglobin), in soluble proteins
such as ferritin which store iron for later use, and as
ferrous iron complexed to a variety of low molecular
weight compounds.

While these pro-oxidant systems are present in fish
tissues, inhibitors of lipid oxidation are also present,
e.g. enzymes — superoxide dismutase, catalase and
peroxidases, iron chelators, ascorbate and other free
radical scavengers, and lipid-soluble tocopherols and
carotenoids.

Lipid oxidation post-mortem

Post-mortem changes in fish muscle related to lipid
oxidation are significant, as shown in Table 1 (Hultin
1994). The changes listed make the tissue more sus-
ceptible to oxidation, especially through changes in
membranes.

Processing changes

In addition, processing of seafood products into fil-
lets, minces, and extracts can increase lipid oxidation
by exposing more lipid to oxygen, and by the heat
destruction of antioxidants such as tocopherols. How-
ever, enzymes also play a significant role in lipid oxi-
dation and their destruction is helpful. Salt is
generally known to accelerate lipid oxidation, hence
lightly salted seafood products oxidise faster than
unsalted products.

Inhibiting lipid oxidation

Considering all of the changes that can occur in
seafood lipids during postharvest handling and stor-
age, the principal strategies required to reduce lipid
oxidation to a minimum include reducing oxygen
access (e.g. vacuum packaging or glazing), maintain-
ing natural antioxidants or by adding antioxidants
during processing, minimising increases in pro-oxi-
dants (e.g. iron), maintaining low temperature, mini-
mising the use of salt consistent with taste and
stability, and removing unstable lipids (e.g. subcuta-
neous fat) and dark muscle. More knowledge of the
mechanisms of control of lipid oxidation in intact tis-
sues (i.e. fresh seafoods) will assist in developing
practical procedures for the control of this problem in
processed and stored products (Hultin 1994).

Microbiological Quality of
Postharvest Seafoods
Considerable information is available on the micro-

biological quality of a variety of seafoods at the point
of harvest and during distribution and sale (Ward and

Table 1.  Changes in post-mortem fish muscle related to
lipid oxidation.
Decrease in ATP

Increase in ATP breakdown products, e.g. hypoxanthine
Change in xanthine dehydrogenase to xanthine oxidase

Loss of reducing compounds, €.g. ascorbate, glutathione
Increase in content of low molecular weight transition metals
Conversion of haem (Fe If) pigments to oxidised form (Fe IT)
Loss of structural integrity of membranes

Loss of antioxidants in membranes, e.g. tocopherols

Inability of muscle cell to maintain calcium gradients

Source: Hultin (1994).



Hackney 1991). The microbial flora at harvest is
determined by the nature of the seafood and the qual-
ity of the water, with some differences observed
between tropical and temperate species, while the
temperature of storage is the predominant determi-
nant of shelf life.

Hazard analysis critical control point concepts in
seafood processing

There is now considerable impetus for the introduc-
tion of hazard analysis critical control point
(HACCP)-based procedures for monitoring the micro-
biological quality and hence public health safety of
seafood products (Huss 1992). Microbiological qual-
ity is not only associated with other aspects of quality
and shelf life, but microbiological criteria are an
important component of many current import and
export standards that are difficult to implement and
increasingly failing to reduce public health problems.

Huss (1992) has summarised the hazard analysis of
fresh and frozen fish and crustaceans (Table 2).

Critical control points (CCPs) can be established
for most of the hazards, of which some can be con-
trolled and others minimised. Large scale pollution
(faecal) or the presence of biotoxins requires regional
or national monitoring by governments and assess-
ments by specialised laboratories.

Adherence to good manufacturing practices (GMP)
by proper sanitation and hygiene in factories will
minimise bacterial contamination, and temperature
control will limit growth. Sensory assessments before
processing can ensure spoiled product is excluded.

HACCP systems can be applied both to large-
scale modern seafood processing plants and to more
traditional processes in which there are public
health risks. However, its application requires
knowledge of the principles by both industry per-
sonnel and regulatory agencies, and also methods
for its assessment and implementation. However, at
the traditional as well as the sophisticated ends of
the spectrum, it is clear that a thermometer, a watch,
and common sense can have a far greater impact
than detailed laboratory examinations for a range of
microbiological contaminants. This again highlights
the critical role of trained technologists in assuring
adequate shelf life and safety of seafoods (Huss
1989).

Microbial hazards

Microbial hazards of seafood consumption are
primarily associated with uncooked shellfish and
certain tropical reef fish that become contaminated
with toxins derived from dinoflagellates. The princi-
pal agents of seafood-borne disease are shown in
Figures 1-4, and include seafood toxins, bacteria
(e.g. Vibrio cholerae, V. parahaemolyticus, V. vulnifi-
cus, Listeria monocytogenes) and viruses (e.g. Nor-
walk) (Wekell et al. 1994). Seafood toxins are
derived from toxic phytoplankton and possibly
toxin-producing bacteria which have become
increasingly of concern to public health agencies
throughout the world (Liston 1990; Wekell and
Hungerford 1994).

Table 2. Hazard analysis of fresh and frozen fish and crustaceans.
Organism/component of Hazard Severity Risk
coneern Contamination Growth
Pathogenic bacteria:
Aquatic environment + high/low low/NR?
From humans/animals +) + high low
Biogenic amine producers + low high
Spoilage bacteria + + low high
Parasites + low low/NR
Biotoxins + high high/NRP
Viruses + high low/NRP
NR no risk

A Providing fish is cooked before consumption
Depending on fishing area, local condition and season
Source: Huss (1992).
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VIBRIOS

molluscs crustaceans
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crustacean
recontaminated
after cooking

mollusc
eaten uncooked

gastroenteritis

gastroenteritis

MARINE DINOFLAGELLATES
(also bacteria?)

l

food chain

1

paralytic shellfish poisoning
neurotoxic shellfish poisoning
diarrhetic shellfish poisoning
amnesic shellfish poisoning

ciguatera
palytoxin
puffer fish poisoning

Figure 1. Microbial hazards from vibrios.

Figure 3. Microbial hazards from toxic dinoflagellates.

VIRUSES

land runoff
(usually sewage)

molluscs

accumulation by
v filter feeding

molluscs eaten
uncooked

Y

viral disease

HISTIDINE DECARBOXYLASE-
PRODUCING BACTERIA

l

mahi mahi, bluefish,
tuna, mackerel

warm l conditions

histamine
(and other amines)

\

scombrotoxic fish

{

scombroid poisoning

Figure 2. Microbial hazards from viruses.

Figure 4. Microbial hazards from biogenic amines.
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Vibrios are marine organisms naturally associated
with marine and estuarine waters and hence with fish
and especially shellfish. V. cholerae is spread by both
contaminated food and water and is a serious cause of
illness. V. vulnificus has more recently been associ-
ated with morbidity and mortality from shellfish,
especially raw oysters, and considerable research is
in progress regarding its accumulation and release
during processes such as oyster depuration. It can
cause both enteritis and severe wound infections. V.
parahaemolyticus is more commonly associated with
outbreaks of food-borne disease derived from con-
taminated cooked seafoods.

Viral agents probably account for most of the
unknown causes of seafood illness not related to toxic
algal blooms, and are still of considerable concern.
Modern methods including PCR and other specific
probes can detect specific viruses in hours and will
assist in tracing causes of seafood-borne illness.

There are several toxin-related seafood problems
(Hall 1991). Ciguatera poisoning is derived from the
consumption of certain tropical reef fish which take
up ciguatoxin produced by the dinoflagellate Gam-
bierdiscus toxicus that often grows near tropical sea-
weeds. Paralytic shellfish poisoning (PSP) is a
potentially lethal syndrome caused by up to 17 saxi-
toxins produced by the dinoflagellates Alexandrium
catenella, Pyrodinium bahamense, Gymnodinium cat-
enatum, and Gonyaulax polyedra, and possibly by
bacteria such as Moraxella and Bacillus. Amnesic
shellfish poisoning (ASP) is caused by a neurotoxic
amino acid, domoic acid, produced by the diatom
Nitschia pungens f. multiseries and retained by shell-
fish such as mussels. Diarrhetic shellfish poisoning
(DSP) is caused by consumption of lipophilic com-
pounds including okadaic acid accumulated by shell-
fish contaminated by the dinoflagellates Dinophysis
and Prorocentrum. Neurotoxic shellfish poisoning
(NSP) results from red tide blooms of the dinoflagel-
late Ptychodiscus (or previously Gymnodinium)
brevis that produce a range of brevetoxins. Scombroid
poisoning results from the consumption of certain
species of fish containing high levels of free hista-
mine or other biogenic amines that are produced
microbiologically by decarboxylation of histidine and
other amino acids as a result of severe time-tempera-
ture abuse. Pufferfish poisoning is caused by tetrodo-
toxins and related compounds produced by symbiont
bacteria associated with pufferfish or fugu.

At the 1st International Conference on Molluscan
Shellfish Safety which I hosted at The University of
New South Wales, Sydney, Australia on 13-17
November 1994, the public health importance of
toxic algae, viruses, and V. vulnificus was again rein-
forced. Significant efforts will need to be directed to
these problems in the future if shellfish, in particular,
are to continue to be an important seafood item.
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Increasing water pollution caused by industrialisation
and coastal development will put increasing pressure
on harvest areas in many countries, including Viet-
nam.

Postharvest Preservation Technology
of Seafoods

Chilling

Chilling to 0°C in ice or refrigerated areas is an
essential requirement for quality retention for most
seafoods. Unsatisfactory catching conditions and
handling practices can severely decrease shelf life,
and a range of requirements has been formulated by
FAO and other bodies to achieve this end. Reduced

temperatures decrease microbial growth as well as

the rate of endogenous enzymes, and storage at —2° to
—4°C is better than at 0°C or 2-5°C from a microbial
point of view, but not necessarily from a quality point
of view due to toughening and autolytic changes such
as lipid hydrolysis.

Shelf life may be extended further by the use of
sorbate (e.g. shucked scallops) or sulfite (e.g. shrimp,
for black spot inhibition) dips, or by the use of modi-
fied atmospheres using enriched CO, levels, providing
the temperature does not exceed 3°C to ensure inhibi-
tion of Clostridium botulinum type E. Irradiation at
levels of 1-3 kGy can extend significantly the shelf life
of fish and other seafoods stored at up to 3°C. Possible
sensory deterioration and changes in the microbial
spoilage flora are impediments to its wider use, as are
regulatory controls on irradiation in many countries.

Suitable packaging at both the wholesale and retail
levels is obviously important.

Freezing and frozen storage

Storage temperatures of frozen seafood should be
lower than —12°C, and ideally —18° to -30°C. Quality
of frozen seafoods depends on initial quality, rate of
freezing, temperature and time of storage, and protec-
tion against desiccation and oxidation. Very slow
freezing generally produces textural changes leading
to increased drip, toughness, and colour changes, and
thus freezing should be as rapid as practicable. Pro-
tection against subsequent drying out by packaging or
glazing will retain sensory quality. Factors affecting
freezing damage include moisture and hence fat con-
tents, and lipid oxidation-related reactions involving
both lipids and proteins. Cryoprotectants can inhibit
some freezing damage in formulated surimi products
and some minces.

Salting and drying

A reduction in the water activity (a,,) of flesh tis-
sues by salting and/or drying decreases or prevents



microbial growth and preserves seafoods for varying
periods. Many seafoods are dried to some extent and
the practice is still widespread throughout the world.
Drying is probably the first preservation technique
applied to fishery products, yet significant losses still
occur in salted and dried fish, with estimates of 30%
still reported. Principal causes are insects (blowflies,
beetles), lipid oxidation, discoloration, and tissue
fragmentation. Mould growth occurs but is not a
major problem since toxigenic moulds grow only on
higher moisture products in the absence of significant
levels of salt.

A substantial ACIAR-funded project on fish drying
in Indonesia developed a rice husk-fired furnace and
drying chamber that, with modification, may find use
in the drying of fish or other products when weather
conditions are unsuitable for sun drying. The furnace
shows promise as a source of significant heat for
cooking or processing (Wibowo et al. 1993).

We have found dried fish quality in the markets of
Indonesia to be very complex. Much of the product in
the market place is of poor quality and is produced
deliberately to satisfy market requirements. The tech-
nology and stability of many dried and cured fish prod-
ucts has been extensively reviewed by several authors,
including James (1983) and Reilly and Barile (1986).

Smoking

Smoking has been used extensively in the past for
the preservation of a range of seafood products, and
their long shelf life is due to the low a,,, presence of
salt, and the preservative action of smoke constitu-
ents. If the degree of smoking is reduced and hence
the moisture content is increased, alternative preser-
vation strategies or hurdles are required, including
refrigeration, vacuum packaging, and nitrite.

Increased toxicological concern over smoked prod-
ucts has been due to the recognition that these foods
may contain polycyclic aromatic hydrocarbons
(PAH), some of which are known to be carcinogenic.
Although foods other than smoked fish contain PAHs,
there is interest in and a need to develop alternative
smoking strategies to improve public health safety
while maintaining sensory attributes.

The trend to light smoking conditions and the need
for other preservation hurdles to maintain stability
has been highlighted by recent outbreaks of listeriosis
in New Zealand caused by the consumption of
smoked mussels contaminated with the bacterium
Listeria monocytogenes. Deaths of aborted foetuses
occurred in pregnant women, and company personnel
were charged.

Fermenting

Many traditional fermented fishery products are
consumed in Asian countries, including fish sauces
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and pastes in Thailand, Vietnam, and Indonesia
(Steinkraus 1983; Saisithi 1987). Their technology
and detailed microbiology and biochemistry are not
well known and understood in many cases, yet these
products are of great importance to the gastronomic
and cultural life of large populations in this region.

Canning

The heat processing of low-acid foods, including
seafoods, in hermetically sealed containers is a well-
understood and safe means of preserving a variety of
seafoods, including fish, molluscs, and crustaceans.
However, the technology is expensive and requires
access to steel-based or other containers capable of
being heat processed to temperatures above 110°C.
The principal risks are from underprocessing that can
lead to spoilage or intoxication by fatal toxins formed
by Clostridium botulinum type E, or from post-
processing contamination through leaky seams.
Observations I made in Vietnam during the week
before this workshop indicate that considerable train-
ing is required of some personnel working in some
canneries if spoilage and public health dangers are to
be reduced or avoided.

Seafood Wastes

Significant quantities of seafoods are spoiled, wasted,
or badly utilised, and much still can be done to make
current catches go further (Morrissey 1988). Shahidi
(1994) has estimated that seafood processing discards
account for about 75% of the total catch of seafoods
caught for human consumption.

Shrimp by-catch is an important example of this
and if by-catch cannot be handled more efficiently or
converted on board into utilisable material, then
catching methods may have to be amended to reduce
unintentional catches.

Fish silage and hydrolysates are possible means of
conversion of by-products into feeds for aquaculture
or land animals. Principal by-products include offal,
heads, frames, residual flesh, discards, shells, and
spoiled or culled materials. Possible recovered mate-
rials include specific enzymes, antifreeze proteins,
and omega-3 fatty acids, as well as established mate-
rials such as chitin and chitosan and carotenoid pig-
ments. Recovery is more difficult when the greatest
proportion of the catch is landed by small boats with
inadequate facilities.

Fish wastes from canneries and other large process-
ing plants may lend themselves to fermentation into
traditional products such as pastes and sauces.

Training Needs

Any strategy implemented to reduce postharvest fish-
ery losses must involve the training of appropriate



personnel and the application of existing knowledge
to reduce wastage. In developing countries, training
programs must begin at the beach or the pond and
involve all steps in the processing and marketing
chains. Training programs should be both in-country
and involve overseas visits so that methodologies and
current practices can be examined and then imple-
mented at the level desired.

Strategies to Reduce Seafood Losses
and Improve Postharvest Technology
Practises

At the International Workshop on Postharvest Fishery
Losses held at the University of Rhode Island in 1987
(Morrissey 1988) a number of strategies were exam-
ined to guide researchers and policy personnel in
reducing losses and improving postharvest technolo-
gies for seafoods. The major recommendations
included the following. In many cases they are still
valid, especially for developing countries, and hence
are relevant to consider in the Vietnamese context.

Policy implementation

» Integrate development programs

» Back research activities, develop networks

« Train trainers and technologists

« Exchange information (workshops, seminars)

» Transfer technologies using appropriate agencies
with experience in socioeconomic assessment

Fish handling

+ Optimise handling for small fish in bulk

< Design boats, gear for this catch

* More studies on chilled sea water (CSW) to pre-
serve catch

+ Devise sorting systems for on-board storage,
processing

Preservation

» More studies on composition

» Examine microflora and biochemistry of tropical fish
» Preserve small pelagics on board

» Examine rancidity in high fat species

» Optimise ice use on boat and land

Quality control, inspection

« Standardise sensory evaluation methodologies

« Develop instrumental quality assurance (QA) pro-
cedures

« Uniform international criteria

» Develop codes of GMP for tropical products

= Re-evaluate health risk standards for seafoods

» Develop standardised procedures for preparing
export seafoods
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Processing

Cured and Dried Products

+ Define principles involved in each process

¢ Define product characteristics for consumer
acceptance

» Assess materials for bulk packaging to exclude
moisture and insects

» Review hygiene and sanitation practices for all
processes

Canned Products

» Develop plastic containers and pouches as alterna-
tives to metal cans

Frozen Products

» Examine freezing as alternative to canning
» Research stability of high fat products

New Products for Nutrition Enhancement and
Resource Utilisation

» Enrich traditional products

» Undertake social marketing before product devel-
opment

» Develop methodologies for measuring consumer
acceptance

» Develop ‘classless’ products appealing to a range
of socioeconomic levels

Training

» Address specific problems on a regional basis

« Train the trainers

« Develop training programs for national seafood
inspection

« Expand extension services to identify problems

» Specialised courses in traditional fish processing,
handling, sanitation and hygiene, and QA needed
for developing countries.
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Postharvest Technology of Seafood Products in Vietnam

Nguyen Van Le*

Abstract

In recent years, postharvest technology of marine products in Vietnam has made considerable advances.
The sector has moved from one primarily producing low-quality products for domestic consumption to one
geared towards exporting higher quality commodities, and is now making a significant contribution to Vi-

etnam’s economy.

MARINE products have been accorded a high priority
in Vietnam for reasons of their capacity to earn for-
eign exchange, create employment, and improve the
general nutrition of the population.

Fishing is a traditional occupation in Vietnam, but
organised marine fisheries production began only in
the 1960s. Much progress has been made in the past
30 years, greatly assisted by the renovation of Viet-
nam'’s economy.

After overcoming the most difficult period from
1976-1980, marine fisheries production has gradually
increased since 1981. According to the 1994 report of
the Ministry of Fisheries, total marine fisheries pro-
duction reached 1.2 million t. Of this, 107600 t were
exported, made up as follows:
 shrimp, 63100t
« fin fishes, 26400 t
« frozen squid, 7200 t
» dry squid, 3300 t
« other products, 7600 t.

Major products for domestic consumption were
fish sauce (150 ML) and fish powder (15000 t).

Total export earnings from marine fisheries prod-
ucts were US$458.2 million, an increase of 24-36%
over 1993.

At present there are 164 processing plants for fro-
zen seafood with a total capacity of 780 t of product
per day, or 130-140000 t/year. There are 21 IQF in
the whole country.

* Research Institute for Marine Products, 170 Le Lai,
Haiphong, Vietnam.
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Seafood processors have made great efforts to
improve production facilities, especially in terms of
sanitation, product quality and diversification, more
efficient use of raw materials, and development of
high-value products.

Nevertheless, conditions of storage and transporta-
tion of raw materials remain poor, resulting in posthar-
vest losses estimated at 30-35% of the catch.

Procurement Methods

There are currently three main methods of purchase

of fish for processing:

¢ a form of ‘tender’ at markets and river and beach
landing sites;

« a form of contract from catching to processing; and

» according to either formal or informal advance
contracts with fishermen.

Small traders can buy from the boats but the price
is often determined by larger buyers and traders who
offer higher prices to monopolise sources of supply
during procurement.

Some companies follow a detailed contract proce-
dure which permits better planning and collaboration
between the production and processing sectors.

The normal contract system may seem to be price
inefficient but it provides assurance of supply of raw
materials for processing.

Storage and Transportation

To limit losses during transportation, including quality
deterioration, processing facilities have been estab-
lished near major fish-landing sites: examples are the



Halong canned fish plant in Haiphong, and frozen fish
processing plant No. 34 in Vungtau (Dongnai).

Although Seaprodex plants No. 1 and No. 2 in Ho
Chi Minh City are distant from the fish market, they
have well-established contracts with fishing ports
within a radius of 200 km and a transport network
based on their own or sellers’ trucks.

Some processing plants located near fish markets
use simple forms of transport such as rickshaws and
small trucks, may not use ice, and may procure from
boats that do not have good storage facilities. In such
cases, the quality of products falls markedly.

Processed Products

Export seafood products

Over the past 20 years the importance of marine
products exports as earners of foreign exchange for
Vietnam has steadily increased, and fisheries now com-
prise one of the country’s leading economic sectors.

Frozen products make up the bulk of exported sea-
foods: 80% by quantity and 75% by value.

The main export product is shrimp, but there is a
range of other commodities including: frozen, dry,
and fried squid; frozen cuttlefish; frozen redfish and
tuna; frozen fried mackerel, anchovy, and tuna; and
frozen crab, tiger shrimp, fish fins, sea horse, etc.
There are also many plants producing canned sea-
food, and products such as surimi and fish powder.

The marine products processing sector is now pro-
ducing high-value products, appropriately and attrac-
tively packaged. Full advantage is being taken of all
raw material sources, and postharvest losses have
been reduced by exporting processed products.

Products for domestic production

During the past 10 years, the quantity and quality
of marine products offered for domestic consumption
have improved.

Production of high-value fishes consumed fresh—
such as dalag, catfish, butterfish, and mackerel
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cod—has increased to meet rising demand. Tradi-
tional commodities such as shrimp sauce and natural
flavoured fish sauce, and newer processed commod-
ities such as instant spiced mixed cuttlefish, spiced
mixed dry ‘golden line’ fish, and instant shrimp
cakes, have been put into mass production to meet
the growing requirements of consumers. In addition,
ready-made fish products such as fried fish cake,
fried fish, and surimi products have been attractive
to local markets.

Other marine products of importance in the
domestic market are agar-agar from seaweeds, and
fish oil tablets.

Export Markets

The major markets for Vietnam’s marine products are
Japan, Singapore, and Hong Kong. Vietnam ranks
fifth among countries exporting shrimp to Japan.
Most shrimps exported to Japan are frozen and in 2
kg packages. Frozen shrimp and other marine prod-
ucts have been exported also to Australia, Canada,
France, and the UK.

It is estimated that Vietnam will earn about
US$760 million from its marine products exports
this year, and that returns will reach $US1 billion by
the year 2000.

During the past 30 years, the fisheries sector in
general, and postharvest technology of marine prod-
ucts in particular, have made steady progress.
Because of the need to be self-supporting, processing
plants have been active in all areas: procurement of
raw materials, greater investment activity, expansion
of production, and product diversification and quality
improvement. The quality of export products, in par-
ticular, has improved markedly.

New markets are being sought in Europe and
North America. To tap these, new, high-value prod-
ucts need to be developed, and this will require new
and improved processing technologies for marine
products.



Livestock and Livestock Products



Postharvest Handling and Storage of Livestock Products
in Vietham

Nguyen Van Hai*

Abstract

This paper gives a brief overview of livestock postharvest handling practices and problems in Vietnam.
Research is needed to improve handling practices to reduce losses and improve the quality of product
available to domestic consumers. Objectives are listed for a collaborative research project involving in-
ternational support, to develop appropriate handling and storage practices for livestock and livestock

products in Vietnam.

As part of the Government of Vietnam’s policy to
increase food production, livestock development has
been targeted and the livestock herd has been expand-
ing rapidly to meet the needs of domestic consump-
tion and export marketing. Over the period 1990-
1993 buffalo and cattle numbers increased by 9 and
95%, buffalo from 2.3 million to 2.6 million head,
and cattle from 1.7 to 3.3 million head. The pig popu-
lation increased by 49%, from 10.0 to 14.8 million
head, and the poultry population by 117%, from 61.5
to 133.3 million birds. Numbers of other livestock
have also increased.

Vietnamese animal producers and scientists are
paying greater attention to the study and rearing of
animal breeds that have high productivity and prod-
uct quality, such as super meat duck, super egg
chicken, super lean meat pig, etc. However, posthar-
vest handling and storage technologies for livestock
products are not well researched or endowed with
appropriate facilities. More resources, financial and
human, need to be invested in this area.

A major target should be to reduce losses occur-
ring during transport of animals from farms to abat-
toirs. These losses are estimated to be 6-8% in pigs
(occasionally 10%), 5~7% in chickens, and 8-10%
in duck (occasionally 12—-18%). The losses in buf-
falo and cattle are assumed to be higher. These

* Animal and Poultry Processing Research Centre,
National Institute of Animal Husbandry, Thuy Phuong,
Hanoi, Vietnam.

losses reduce processors’ incomes, so that they do
not like buying animals in rural areas far from their
slaughterhouses. This, in turn, limits exploitation of
the full potential of production resources in rural
areas.

Handling and Storage Methods

Commercial

Although there are 24 slaughterhouses with total
capacity of 64000 t/year, meat processing has not
developed to any great degree in Vietnam. The bulk
of the product of these units is frozen meat. Only
ANIMEX (Haiphong) and VISSAN (Ho Chi Minh
City) have processed significant amounts of product
for local consumption, but they have commercial
problems because consumers in Vietnam are used to
buying raw rather than frozen meat.

Traditional

Most of the meat produced in Vietnam is consumed
locally. Some 90% is manually processed by methods
which differ from place to place.

In the plains, midlands, and coastlands, areas of
high population, unprocessed meat and other live-
stock products are often sold in shops and markets
under conditions of high temperature and humidity
and lack of proper packaging and storage facilities.
Meat rapidly spoils and becomes unfit for human
consumption. Customers usually buy no more than
two days requirement. In order to reduce quantitative



and qualitative losses of meat, more attention should
be given to livestock postharvest handling and stor-
age, and to product packaging to meet the needs and
financial capacity of consumers.

In sparsely populated and inaccessible mountain-
ous areas, meat is processed for consumption within
family or community. Minority groups have devel-
oped different methods of meat handling and storage.
Cattle and buffalo meat are first dried over a wood
fire and then smoked by hanging pieces of meat under
the kitchen ceiling. Meat processed by this method
can be kept for at least 5-6 months. Ham is preserved
by salting and/or use of yeast in meat vats. However,
the quality of meat processed by such means, and the
losses of nutritional value etc. are unknown and
should be investigated.

Different minority groups have their own methods
of meat processing and preservation. All of these
methods are practiced under ambient conditions and
the quantity of meat preserved depends on the level
of hygiene.

Current Research

During 1994, the Animal and Poultry Processing

Research Centre undertook the following work.

« Investigations on the processing of poultry and
smoked duck meat, in terms of food hygiene
requirements, reduction of losses, and acceptability
of the product to local consumers.

» Processing of by-products from slaughterhouses
into animal feeds.

— production of bone meal by combustion.
~ blood meal
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— animal hair meal and extraction of cysteine

(amino acid).

» Environmental hygiene aspects of the waste water
from meat processing treatment.

Studies of livestock and livestock products post-
harvest handling and storage are in their infancy in
Vietnam, but improvements in these areas are essen-
tial to the government’s economic policies.

Project Proposal

If international support were forthcoming, we would

envisage implementing, in collaboration with special-

ists from Australia and elsewhere, a project to
develop appropriate handling and storage practices
for livestock and livestock products in Vietnam.

Project objectives would be to:

+ reduce livestock postharvest losses by studying and
applying technology successful in other countries
in the region and appropriate to circumstances in
Vietnam;

» improve traditional methods of livestock handling
and storage by minority groups in mountain areas,
so as to reduce quality and quantity losses during
processing;

« strengthen research capacity in the field of live-
stock postharvest handling and storage;

» develop a cooperation program on matters related
to livestock postproduction activities; and

» organise training courses and seminars for scien-
tists and others involved in this area.

Such a project would yield benefits to local and
overseas researchers and to community development
in Vietnam.



Recent Developments in ASEAN in Postharvest Handling of
Livestock and Meat

G.I. Alexander*

Abstract

In the ASEAN countries, meat export industries have adopted procedures for animal handling and meat
processing that conform to world standards. However, there has not been the same level of development on
the domestic market. The catalyst for a number of recent advances in postharvest handling of livestock and
meat for domestic consumption in ASEAN has been the ASEAN-Australia Postharvest Systems Improve-
ment Project (AAPSIP). Within the ambit of this project, each ASEAN country developed improved meth-
ods of postharvest handling to meet their national priorities.

Livestock: Brunei Darussalam, Indonesia, and the Philippines examined sea transport of livestock; Indo-
nesia and the Philippines studied land transport of cattle; the Philippines examined an alternative marketing
system for livestock; and Indonesia studied land transport of goats. Abattoir: In abattoir handling of meat,
Thailand, Brunei Darussalam, and Malaysia emphasised improvement of abattoir hygiene through upgrad-
ing facilities and training workshops; and Malaysia used training to introduce a system of total quality man-
agement into abattoir operations. Transport: Malaysia, Singapore, and Thailand investigated refrigerated
meat transport; and Indonesia developed improved methods of meat transport for small provincial towns.
Retail handling: Thailand introduced improved wet market stalls (pilot study) in a provincial city; Malaysia
demonstrated an integrated system of stalls using refrigerated display and storage of meat in a wet market;
Singapore placed emphasis on the cold-chain system from the abattoir through to retail; and Indonesia dem-

onstrated an upgraded and more hygienic system of chicken slaughter and sale in wet markets.

THE current methods of postharvest handling of live-
stock and meat in ASEAN have provided fresh meat
to the consumer as quickly as possible after slaughter,
to reduce the degree of spoilage. This process has
involved the transport of live animals over quite long
distances to a slaughterhouse (or place of slaughter)
close to the point of consumption. This lengthy trans-
port and marketing chain results in weight loss and
the risk of injury. Fortunately, the animals are used to
proximity to people and to being handled frequently.
Slaughter usually takes place in the early moming
with sale at a wet market during the morning or, at the
latest, the afternoon of the same day. Meat is seldom
held over for sale the next day. After purchase, the
consumer usually prepares the meat and commences
cooking that morning.

At the traditional wet market, contaminating organ-
isms may build up in numbers quite rapidly and may

* Palamere Pty Ltd, Agricultural Resource and Project Man-
agement Consultants, GPO Box 870, Brisbane, Queens-
land 4001, Australia.
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spoil the meat and become a threat to the health of the
consumer. The practice of cooking meat soon after
purchase and so destroying contaminants helps mini-
mise problems. However, contamination still occurs
and the spoilage organisms multiply rapidly if the
meat is held at room temperature for any substantial
period. All ASEAN countries recognise that changes
have been occurring in the methods of marketing per-
ishable products, with a general movement away
from the established wet markets, and towards shop-
ping centres and supermarkets. This movement is
most pronounced in cities, where higher disposable
household incomes, frequently due to two incomes in
the household, result in a desire for greater conven-
ience in meat and other food purchasing and prepara-
tion. Increasing availability of refrigerators means
that householders are storing perishable purchases
and keeping meat for some days before cooking.
With increasing meat consumption, refrigeration,
and changes in eating patterns, greater opportunities
exist for mishandling of meat, contamination of other
foods, and the build-up of serious levels of patho-



genic bacteria. Consequently, it is desirable to estab-
lish good handling practices for meat, because the
problem can be greatly reduced by proper hygiene
and timely and adequate refrigeration.

While the real extent of public health problems
from the consumption of unhygienic meat is not
known, there is no doubt that large numbers of con-
sumers are expecting meat to be hygienically pre-
pared so that it can be held under refrigeration. In
addition, authorities consider that there is a need for
improved presentation of meat to help increase con-
sumption. Government officials responsible for veter-
inary public health in the various ASEAN countries
recognise the problems and are moving to improve
slaughtering and meat handling in general. Some of
these measures were addressed in the Livestock
Project of the ASEAN-Australia Postharvest Systems
Improvement Project (AAPSIP), which ran from
1991 to 1994.

AAPSIP Livestock Project

The AAPSIP project was part of Phase II of the
ASEAN-Australia Economic Cooperation Program
(AAECP). Phase I of AAECP began work on reduc-
ing postharvest losses to increase the quality and
quantity of food supply. Within the livestock sector,
Phase [ was concemned with establishing and upgrad-
ing facilities and increasing the technical knowledge
of personnel in the handling of livestock and milk
products. A number of improved abattoirs were
established in Indonesia, Malaysia, Philippines, and
Thailand. Phase Il continued this process with
projects aimed at improving livestock transport and
handling post-farm, and meat handling to the point of
retail sale.

Each ASEAN country designed a project to meet
national priorities. However, these projects were also
related and present a coherent program of measures
to improve the postharvest handling of livestock and
meat in ASEAN. In general, the projects were
directed at transport and marketing of livestock, mar-
keting of meat by smallholders, and supply of meat
for local consumption, rather than for export where
internationally accepted processing and meat inspec-
tion standards already apply.

There were four major components of the AAPSIP
project:

¢ Improvement of transport and marketing of live-
stock, encompassing sea and land transport, pre-
and post-transport care, selling systems and report-
ing of market information to farmers.

» Development of improved standards of slaughter
and handling of meat, involving abattoir proce-
dures, hygiene, and handling of meat at the abat-
toir, in store, and during transport.
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» Improved facilities and methods for wholesale/
retail handling of meat.

» Training of research, extension, and regulatory
staff, and industry personnel.

Livestock Transport and Marketing

ASEAN countries that conducted studies under AAP-
SIP into the improvement of livestock transport and
marketing were Indonesia, Brunei Darussalam, and
the Philippines. The Philippines and Indonesia, being
archipelagoes, were concerned with sea and land
transport of livestock, with the Philippines placing
additional emphasis on marketing. Brunei Darus-
salam, as an importer of livestock, was concerned
with ensuring that the animals were slaughtered in as
good condition as possible.

Sea transport (Indonesia)

Indonesia comprises 27 provinces and 296 districts
distributed over 17 000 islands stretching 5100 km
from west to east. Livestock are transported by ship
and road to slaughtering establishments close to
points of consumption in the larger cities and towns.
The flow of livestock within Indonesia is from the
production areas of Bali, West Nusa Tenggara (NTB),
East Nusa Tenggara (NTT), and South Sulawesi, to
Jakarta and West Java. Approximately 66% of cattle
slaughtered in Jakarta come from East and Central
Java and 33% from NTB/NTT, Bali, and the Sulawesi
Islands. About 80% of livestock transported by sea is
carried on sailing vessels (perahu layar or PL),
motorised sailing vessels (perahu layar motor or
PLM), or wooden motor vessels (kapal motor or
KM). The remaining 20% is carried on steel motor
vessels (KM). The PL and the PLM can carry
between 50 and 150 head, while the larger KMs can
accommodate more than 500 head. However, these
vessels are designed for general cargo not for live-
stock, which is the least preferred cargo.

An earlier study of livestock transport concluded
that short journeys of 1-5 days using the PLM
seemed satisfactory and economical, but could be
improved by making provision for better loading and
unloading, ventilation, and types of pens for the stock
(Fig. 1). Poor loading and unreliable schedules were
also problem areas. Further examination of the situa-
tion by the Indonesian authorities led to the decision
to concentrate on the PLM because they are smaller,
and easier to ventilate and construct pens on for
stock. Also, they are more flexible in that they can use
smaller and shallower harbours. PLMs can have more
frequent sailing schedules so that stock are not held
for long periods pending shipment.

Portable panels (Fig. 2) and a reticulated drinking
water system (Fig. 3) were tested on a PLM and com-
pared with the usual system of bamboo pens with no



Figure 1. Loading a buffalo on to a conventional Indonesian motorised sailing vessel. Note that the animal was
bracing itself to jump down into the hold of the vessel.

[

"
Figure 2. A modified Indonesian motorised sailing vessel on arrival at Surabaya with a load of cattle. The portable
panels are used but have been supplemented by some bamboo rails. It is not possible to see the feeding
troughs or the water supply.



water reticulation. A number of animals in cach ship-
ment were weighed to record weight changes. While
the reduced weight loss in the limited number of ani-
mals which had reticulated water and which were
weighed was not significant, the use of improved
facilities resulted in a greater income per shipment
than for conventional ships. In addition, the general
condition of cattle being unloaded from the modified
ship appcared to be better than those on the conven-
tional ship. Modifications were also of benefit in nor-
mal cargo handling and many of the portable pancls
were used for other cargoes, facilitating the conver-
sion of the ship to and from handling cattle and other
cargoes.

Sea transport (Brunei Darussalam)

Cattle and buffalo are imported by Brunei Darus-
salam from northern Australia. The available data indi-
cate that stock gencrally lose weight while in transit.
When animals are injured during the voyage, this
occurs mostly during unloading, as a result of the ani-
mals slipping and falling over when the unloading
ramp is too high (at high-tide) and stress. During a
voyage of 9 days, average weight losses of 3.4 kg for
cattle and 2.6 kg for buffalo have been recorded. How-
ever, there is considerable variation, with weight gains
in animals that cat and drink readily, to substantial
losses in those animals that do not eat or drink readily.
After arrival in Brunei Darussalam, the stock are held

Figure 3.

in feedlots for periods up to 2 months before slaughter
(Fig. 4).

Because of the cost of imported pelleted fodder and
the limited supply of locally produced feed, feeding
is restricted to a level to minimise weight losses dur-
ing the holding period before slaughter. Two experi-
ments were conducted to determine the level of
feeding which would prevent weight losses. Unfortu-
nately, despite reasonably high feeding levels, many
animals continued to lose weight, leading to the con-
clusion that only those animals that cat readily should
be selected for longer term holding as these have the
greatest chance of rctaining their bodily condition
over the holding period.

Road transport (Indonesia)

General purpose trucks are used in Java to trans-
port live animals to abattoirs (Fig. 5). The trucks can
carry 8-10 head of cattle and buffalo or, in two decks,
80—100 head of shecp and goats. Usually these trucks
have been modified to carry stock, by using bamboo
crates. After a study of the livestock road transport
system in Java, a multipurpose crate system was
designed for use with cattle, small ruminants, chick-
ens, and general cargo (Figs 6 and 7) with the capa-
bility of loading through a side-gate or by a fold-
down loading ramp built into the rear door, for use
when no other loading ramps are available.

-~

A modified Indonesian motorised sailing vessel before being set up for the receipt of cattle. A large

water tank is evident in the forward part of the vessel with some portable panels along the sides.



Figure 4. Cattle nel¢ in a commercial holding facility before slaughter in Brunei Darussalam.

Figure 5. Buffalo about to be unloaded at the Mulaut Abattoir in Brunei Darussalam.



Figure 6. Goats being loaded on to the lower deck of the multipurpose livestock crate with chickens in bamboo
crates on the upper deck. A traditional Indonesian truck was being loaded alongside the modified truck.

Figure 7. The modified livestock crate with the second deck removed for the transport of cattle in Indonesia.
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The transport of cattle by road, in trucks of tradi-
tional Indonesian design, was compared with trucks
of an Australian design over a distance of 780 km.
The percentage of weight loss for the traditional truck
(5.1%) was higher than the weight loss of cattle on
the Australian-designed truck (4.5%). When the Aus-
tralian-designed truck was compared with a tradi-
tional Indonesian truck for carrying goats, the
percentage weight loss was higher for the traditional
truck (11.1%) than for the Australian-designed truck
(9.4%). When financial returns for the two types of
vehicle were compared there was a slight advantage
for the Australian-designed truck, despite the fact that
the traditional truck was loaded considerably beyond
the dimensional limits for length and rear overhang.
The increased capacity of the traditional truck was
gained by tying the rear row of cattle facing rearward
with their heads and necks extended over the back of
the truck, making them susceptible to injury and
stress in transit. The Australian-designed rear-loading
truck could be loaded much more efficiently than the
traditional truck, which is side-loading, and the cattle
rode well in the crate rather than being tied to it, as is
the case with the traditional truck.

Sea and road transport (Philippines)

Livestock production in the archipelago of the
Philippines is widely dispersed over many islands

and is dominated by smallholders. By contrast, the
large meat processing establishments are concen-
trated close to the points of consumption. Metro
Manila, as the main consumption area, receives large
numbers of stock for slaughter. Cattle are shipped to
Manila from as far away as Mindanao. Stock are col-
lected by assemblers who purchase or accept animals
on consignment from a farmer. They are then trans-
ported by road and sea to the nearest trading centre,
which is a market for a wide range of commodities,
or to a livestock oksyon market (LOM) which is used
specifically for the sale of animals for fattening,
draught, or slaughter. Cattle, in particular, may pass
through a series of markets before finally being sold
for slaughter. A schematic representation of the live-
stock marketing system in the Philippines is shown in
Figure 8. This is representative of the systems operat-
ing in most ASEAN countries.

Weight losses of 0.03% for cattle and 0.02% for
buffalo were recorded in livestock transported by
road and sea from Mindoro Island to Batangas Port.
These losses were attributed to stress at unloading at
check points during the road journey and the delays
caused by the low priority for livestock vehicles for
shipping space. This system used roll-on roll-off
vehicular ferries. At other ports, systems similar to
those reported for Indonesia are used, with the likeli-
hood of incurring similar weight losses.
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Figure 8. A schematic representation of the structure of the livestock system in the Philippines.



Livestock marketing (Philippines)

The establishment of LOMs in the Philippines
commenced in 1973 as a government initiative oper-
ated through the Bureau of Animal Industry (BAI).
Administration of LOMs, now totalling 147 through-
out the country, was recently transferred from the
BAI to local government. A variety of operators,
including farmers, agents, assemblers, traders,
slaughterhouse operators, butchers, and meat dealers
are active at the LOMs. Various classes of animal are
sold, ranging from pigs, goats, sheep, cattle for fat-
tening and draught, horses for riding or draught, and
cattle, carabao, sheep, and goats for slaughter. Multi-
ple transactions may occur: stock may be sold two or
three times before finally leaving the LOM, or may
not be sold at all. Also, animals may be sold at differ-
ent LOMs in different provinces and even the same
province before final sale for slaughter.

The LOM concept is limited to providing livestock
producers and buyers with a venue for the sale of ani-
mals. Each LOM is equipped with weighing scales
and an office to record transactions (change of owner-
ship). Animals are sold by private treaty between
buyer and seller. This results in secrecy and uncer-
tainty as to the actual selling price. The present sys-
tem involves weighing and grading of animals before
sale. Prices for the trading day are collected from a
small number of farmers and traders. However, as
there is no capacity to check authenticity of price
reports, market information arising from the sales is
of limited value in returning price signals to farmers
and traders.

Batangas Province has the largest concentration of
livestock of all the provinces in the country, receiving
cattle and other livestock from Mindoro Island and
other islands for fattening and slaughter. Batangas
(with seven LOMs operating) was therefore a logical
centre for testing new systems of selling livestock. A
facility was constructed so that an Australian-type
auction system in which the selling price was pub-
licly announced, could be implemented. An extension
campaign was conducted to educate all parties to the
advantages of the system. This process will entail
acceptance by traders’ agents of the need for change
and that such change will not threaten their liveli-
hoods. However, time will be needed for all parties to
understand and accept the benefits of the proposed
new system.

Comments

Increasing use is being made of sea transport for
livestock by ASEAN countries, both for imports and
for internal trade. Brunei Darussalam is continuing to
import livestock for slaughter to meet the demand for
fresh meat by its population. Indonesia is increasing
livestock imports as part of its program to expand cat-
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tle production, particularly in eastern Indonesia. This
will result in increased sea transport of live cattle to
the major cities in Java and Kalimantan which are the
main markets for meat (Fig. 9). The Philippines is
importing cattle to build up its livestock population as
a counter to increased imports of beef. As beef breed-
ing is carried out on the southern islands, with small-
holder fattening in Luzon, there is a substantial
movement of livestock by sea to be fattened closer to
the main market of Manila before slaughter.

Road transport of livestock will continue to be a
major component of the postharvest system. Because
of the attenuated system of livestock movement to the
point of final slaughter, there are losses in weight,
meat quality, and in the financial return to the farmer.
In the longer term, there will be increased use of
slaughter facilities near the point of production, with
chilled carcases and meat transported to the major
markets. However, the tradition of purchasing fresh
meat for immediate cooking will sustain the move-
ment of livestock to the main markets for some time
to come.

A major need in ASEAN is to provide farmers with
adequate market reports to assist them in production
and marketing decisions. The Philippines BAI is
moving to the use of weight and grade as the basis for
providing marketing information. Also, the introduc-
tion of a more transparent system of purchase through
auctions should assist in keeping farmers informed on
price movements.

Livestock Slaughtering and Abattoir
Handling Procedures

The meat marketing structure in most ASEAN coun-
tries is similar to that of the Philippines (Fig. 10).
Malaysia and Thailand carried out projects within
AAPSIP to improve the hygiene and standard of
slaughtering at abattoirs and to provide refrigerated
storage of carcases before transport to the market. In
both instances, this involved the modification of an
abattoir so that it could serve as a model for other
regional abattoirs and for training of regional abattoir
managers, inspectors, and operatives in butchering
skills and hygienic practices.

Malaysia

Malaysia has implemented, under its two recent
National Plans, a program of consolidating and
upgrading of regional abattoirs. Most major towns
have an abattoir which is run by the town council or
municipality. However, most country abattoirs are
slaughterhouses with minimum facilities. There are
currently about 230 Jocal abattoirs and it was
intended to reduce this number to about 60 regional
abattoirs. The Malaysian Department of Veterinary
Services (DVS) has assumed responsibility for oper-



Figure 9.

Cattle being held before slaughter at an abattoir in Jakarta, Indonesia.
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Figure 10. A schematic representation of the meat marketing system in the Philippines, which is representative of
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ating the regional abattoirs and has constructed 10
new abattoirs at the main towns throughout the coun-
try under the Sixth Malaysia Plan (1991-95). How-
ever, funds are now being applied to upgrading
existing country abaftoirs in the remaining states,
with emphasis on the improvement in equipment,
sanitation, hygiene, and effluent control.

Pig production is being concentrated in special pig
farming areas (PFAs), with either specialised abat-
toirs or transport for live animals to Singapore for
slaughter. Currently, three PFAs have been estab-
lished, one each in Johore, Penang, and Seremban.

The Senawang Abattoir was developed as a train-
ing abattoir with improved equipment such as a car-
case splitting saw (Fig. 11), brisket opening saw, and
saniplas cutting boards, plus a chiller capable of hold-
ing 20 carcases awaiting dispatch to retail outlets. A
training program for the country’s abattoir managers,
operators, and inspectors has been developed by
DVS, so that overall efficiency and hygiene are
improved and maintained. As a result of this training,
managers from other abattoirs are expected to
develop a quality assurance system based on Hazard
Analysis and Critical Control Points, leading ulti-
mately to a program of total quality management
(TQM) for each abattoir. This TQM program would
be subject to periodic audit by DVS to ensure the
maintenance of required standards. With TQM in

place, it can be expected that the operation of the
abattoirs could be privatised, with DVS maintaining
an auditing role.

Thailand

The abattoir at Loei in northern Thailand was con-
structed as part of the earlier Phase I of AAECP under
the Abattoir Designs and Design Concepts for
ASEAN (1981) and has been used as a model for
constructing provincial abattoirs throughout the
country.

Under AAPSIP, it was decided to enlarge the Loei
abattoir so it could be used as a training facility for
provincial abattoir managers and veterinary inspec-
tors. These modifications increased the capacity of
the abattoir to 15 pigs/hour, which involved the pro-
vision of a larger hot-water system with a more rapid
recovery time to provide boiling water as required by
the higher slaughter rate. The rail system was also
designed to assist in speedier carcase handling. As an
interim measure (until funds are available for the con-
struction of a chiller for holding the pig carcases after
slaughter and before dispatch to the wet market), a
refrigerated insulated container with carcase hanging
rails was mounted on the chassis of an existing six-
wheel truck owned by the Loei municipality. The
refrigerated system was capable of using power from
either the mains supply or the vehicle’s motor. How-

Figure 11. Use of the carcase splitting saw at the Senawang abattoir in Malaysia.
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ever, this represents an inadequate compromise as the
chilling capacity of the container is not sufficient to
lower carcase temperature rapidly enough. Neverthe-
less, it is better than the existing system where the
carcases are held at ambient temperatures and carried
in open trucks to the wet market.

A number of training courses were carried out dur-
ing AAPSIP 1991-94 using the Loei abattoir and the
training facilities at the Thai Department of Livestock
Development headquarters in Bangkok.

Meat Transport

Indonesia

In smaller cities and provincial towns in Indonesia,
meat is transported to the markets in various types of
vehicles, including small trucks, livestock trucks,
carts, and rickshaws. These vehicles are difficult to
clean, and there is very little recognition by butchers,
transporters, and retailers of the need for sanitation
during slaughter, transport, and retailing at the meat
market. In 1993, Indonesian authorities reviewed the
options for providing a more hygienic meat transport
system in the smaller cities and provincial towns.
After much discussion and consideration of available
resources, a system of transporting in provincial
towns was developed using a motorised tricycle
(becak) with a meat transport container which can be
thoroughly cleaned and sterilised. These prototype
vehicles, developed under AAPSIP, will be tested in a
number of centres including Semarang, Lampung,
and Surabaya.

Malaysia

Under AAPSIP an Australian-designed prototype
refrigerated meat transport vehicle was fabricated in
Malaysia. It comprised an insulated box mounted on
a truck chassis with a refrigeration unit, capable of
carrying 6-10 cattle carcases on hanging rails and
with stainless steel bins for offal. This vehicle was
used to deliver carcases from a coolroom at the Sena-
wang abattoir to retail outlets, or to meat cutting
rooms for preparation of primal cuts. It was designed
to demonstrate that carcases need to be held under
refrigeration and free from contamination during
transport. The Malaysian authorities take the view
that, unless meat is handled hygienically along the
whole handling chain, there is little point in upgrad-
ing handling methods at the abattoir.

Malaysia plans an education program to facilitate
adoption of refrigerated meat transport from the cool-
rooms at abattoirs to retail outlets. This program will
encompass improved hygienic slaughtering at abat-
toirs, refrigerated transport and more hygienic meth-
ods at retail outlets O that the consumers will have
more confidence in the ‘keeping quality’ of meat

which has been chilled. The use of refrigeration will
be accepted more rapidly in cities where supermar-
kets are already making consumers aware of these
features.

Singapore

Singapore has emphasised development of a cold-
chain system of meat handling from the abattoir to
consumer. At present, carcases collected from the
Singapore’s Jurong Abattoir in the early morning are
transported to a meat cutting plant for processing into
primal cuts and viscera, and quickly distributed to
retail outlets (Fig. 12). The Singapore authorities
have been concerned that two systems for handling
meat were developing within the country: one for
imported chilled meat, and another for hot meat pro-
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Figure 12. A schematic representation of the current pork
distribution system in Singapore.



duced at the abattoirs. With the worldwide trend to
phase out hot meat, a decision was taken to demon-
strate the benefits of refrigerated transport in reducing
contamination and maintaining meat quality.

As a demonstration to the industry, a refrigerated
meat transport vehicle was fabricated in Singapore
using an Australian design. The prototype unit com-
prised a truck chassis with a refrigerated insulated
‘box’ capable of holding 35 pig carcases on four
overhead rails or in pallets on the floor of the con-
tainer. A modified version of this AAPSIP refriger-
ated truck has now been developed by a transport
agent to carry larger numbers of carcases. Recently,
four major operators in the industry have set up inte-
grated chilled meat operations involving refrigerated
transport vehicles and cutting plants with refrigerated
facilities, indicating support for the cold-chain pro-
gram. It is anticipated that, with this rate of develop-
ment, the use of refrigerated trucks for meat
distribution will be standard in Singapore within the
next 2 years.

Meetings have been held with the Singapore Pork
Merchants Association to discuss the implementation
of a cold-chain system and the ultimate conversion of
night slaughter operations to daylight hours. At the
Jurong Abattoir, slaughter operations have been
advanced by an hour to start at 2000 hours, and oper-
ators with chiller facilities for handling carcases are
given priority for early slaughter of their animals to
allow sufficient time for adequate carcase chilling

Live pigs

and deboning before distribution to the outlets. Two
new abattoirs are being constructed and they will
incorporate blast chiller facilities for carcases. Chiller
facilities will also be upgraded at existing abattoirs. It
is expected that, in future, all carcases will be chilled
down, cut into primals at licensed cutting plants with
refrigeration facilities, and then chilled primal cuts
transported to retail outlets for storage, display, and
sale as chilled meat.

When the cold-chain system is fully established,
day slaughter operations can commence as there will
no longer be a need to rush carcases slaughtered in
the night to the markets for sale before noon to pre-
vent spoilage. The carcases will require adequate
time after slaughter for chilling, cut-up, and packing
before delivery to the retail outlets throughout the fol-
lowing day (Fig. 13). Consumer education on the
benefits of chilled meat will be an essential compo-
nent to facilitate this social change. Without the secu-
rity problems associated with night operations, more
women are expected to be involved in abattoir meat
inspection, carcase collection, and delivery etc. when
these are converted to day operations.

Comments

Refrigerated meat transport is effective only when
it is combined with forced air coolrooms at abattoirs
so that the carcases are chilled rapidly and held at a
low temperature before being loaded into the refriger-
ated transport. It is uneconomic to incorporate forced
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air cooling into refrigerated vehicles, so that they are
usually designed to maintain cool temperatures rather
than to reduce temperatures.

The change from traditional methods of slaughter
and meat transport to a more hygienic system involv-
ing the use of a cold-chain system will probably be a
slow process. There is a natural resistance to change,
as the current system has served the population rea-
sonably well in the past. In Malaysia, the move by
authorities to adopt a quality management system is
an important initiative which deserves support as it
should promote early adoption of hygienic slaughter
and transport. In Singapore the process of change
towards a complete cold-chain system illustrates how
the change will proceed in concert with a change in
lifestyle.

Retail Meat Handling and Marketing

In ASEAN cities, patterns of retail meat handling and
marketing are slowly changing, with the trend away
from butchers’ stalls in farmers’ markets and wet
markets, towards retailing in meat shops, supermar-
kets, and minimarkets. Nevertheless, wet markets are
still patronised by the majority of consumers, so that
there is a need to generally improve the wholesale
and retail handling of meat. The authorities in
ASEAN are concerned that meat traders and butchers
in the wet markets do not understand the importance
of hygienic methods and the capabilities and limita-
tions of refrigeration in postharvest handling of meat.

Indonesia - poultry

In Indonesia, broiler retailing has expanded rapidly
in the past few years with consumption now up to
300 000 birds per day in Jakarta. However, only 15%
of birds consumed are slaughtered at chicken slaugh-
terhouses (CSHs) where the standard of slaughtering
is controlled by the veterinary public health authori-
ties. The remaining 85% of birds are from chicken
slaughter places (CSPs) which are adjacent to retail
premises at the wet market and do not comply with
conditions imposed by the veterinary public health
authorities on the CSHs. Because conditions of
slaughter at the CSPs at wet markets are so poor,
most consumers prefer to purchase live broilers from
a retailer at the wet market, have the bird slaughtered
on the spot and take it home for immediate cooking.
Indonesian authorities have been increasingly con-
cerned at the poor quality of broiler meat offered to
the consumer, a result of inadequate pre- and post-
slaughter handling, and rapid spoilage caused by the
effect of poor hygiene and the tropical climate.

Responding to this concern, the veterinary public
health authorities and the Jakarta City Council veteri-
nary staff have developed a system of more hygienic
slaughter at the wet market, by introducing a defeath-
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ering machine and other equipment which can be
cleaned and disinfected. This system has been tested
in a small number of wet markets with a substantial
level of support from consumers. The wet market
authorities will be encouraged to upgrade the stand-
ard of the broiler retail premises incorporating these
features.

Malaysia

The Department of Veterinary Services (DVS) in
Malaysia has a program to improve hygienic stand-
ards of meat handling at the wet markets. This will
complement the DVS program of improved hygiene
and refrigeration at abattoirs and transport of meat to
wet markets in refrigerated vehicles. As a demonstra-
tion under AAPSIP, 10 wet-market stalls were con-
structed at the Seremban Market (Fig. 14). Each stall
was equipped with a chilled display showcase and
chiller storage unit, a hand wash basin supplied with
hot water, a work table with saniplas cutting boards,
and a dry storage cupboard. Initially, the retailers
evinced little interest in the new system but a change
in their attitude was stimulated by public curiosity. As
anticipated by the DVS, the new system of retailing
incorporating the use of chilled beef has been
accepted after initial reluctance.

Similar improvements are being undertaken at the
Pudu Market in Kuala Lumpur using national funds.
It is anticipated that other markets will be improved
in stages in collaboration with the various local
authorities and the Ministry of Health.

Outdoor farmers’ markets are a feature in Malay-
sia. As part of the project, development began of a
prototype mobile meat vending stall for use at these
markets. The work is continuing with national fund-
ing. The prototype consists of a truck equipped with a
refrigerated showcase, chest chiller, sink with a water
tank and hot water, an electric generator, and a stor-
age box. Modifications will be made to the vehicle on
the basis of evaluation at a number of farmers’ mar-
kets. When a satisfactory unit has been developed, it
will be promoted for adoption at these markets.

Singapore

At present, about 90% of pork retailed in Singa-
pore is unrefrigerated. Fresh, unrefrigerated meat is
sold to the public at the wet markets in the older
housing estates and at dry-meat shops in the new sub-
urban housing estates. There is virtually no chilled
meat sold in either the wet or dry markets. At the wet
market, the meat stalls are uncovered and are not con-
ducive to hygienic handling of meat. Their operation
provides ample opportunities for organisms to con-
taminate and multiply, posing a health threat to con-
sumers. Meat sold in dry-meat shops presents similar
problems, due to limitations of space and layout of



the stalls which make the facilities unsuitable for
deboning and cutting carcases. Singapore authorities
consider there is a need to establish meat deboning
and cutting plants to allow butchers and meat vendors
in the markets to handle only primal cuts or pre-
packed meats. Also, there is a growing practice of
extended trading hours in meat stalls where unrefrig-
erated meat is exposed for sale for up to 8-10 hours,
which further increases the likelihood of spoilage and
public health hazards. Therefore, the time is ripe for
Singapore to develop a cold-chain distribution sys-
tem, for which momentum is growing. Refrigeration
in distribution and at the rctail level will maintain the
freshness and safety of meat. This will allow the meat
to be retailed over extended periods throughout the
day and evening for the convenience of the purchas-
ing public.

The Primary Production Department (PPD) is col-
laborating with the Food Control, Hawkers and Envi-
ronmental Public Health Departments of the Ministry
of the Environment (ENV) in the introduction of a
cold-chain system for meat handling, transportation,
and retailing. With AAPSIP as a catalyst, this com-
prehensive program will include upgrading of meat
retail stores and meat shops to handle only chilled
meat, establishment of meat cutting plants, and
licensing requirements for refrigerated meat trans-
port.

Designs of prototype refrigerated meat stalls for
use in suburban wet markets and dry markets have
been developed by the Singapore authorities. The dry
market design allows for four retail stalls within a
shop lot, while the design for a wet market is based
on clusters of meat stalls within an airconditioned
environment. These designs and a proposed Code of
Practice for construction of wet and dry markets have
been made available to the licensing and retail control
agencies of the Ministry of the Environment. This
documentation should assist in the incorporation of
the meat stalls into the new generation wet markets
now being developed.

Thailand

Meat sold in wet markets in Thailand is freshly
killed. Animals are slaughtered during the night
between about 2300 hours and 0300 hours and the
meat sold tfrom 0500 hours the following morning
until the aftemoon. In the wet markets the meats are
not refrigerated. Meat cuts are placed on top of tables
or hung on rails above the table (Fig. 15).

Included in the Thailand component of AAPSIP
was an improved retail facility at the afternoon mar-
ket at Loet in northern Thailand, to serve as a model
for other provinces. Five pork stalls and three beef
stalls were constructed, each measuring 2 m X 4 m,

Figure 14. Consumers purchasing meat from a stall using a refrigerated display unit at the Seremban Market, Malaysia.
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Each stall was provided with a smooth surface marble
table, meat hanging rail, a hand wash basin, electric
lights, concrete flooring, and a roof. Each pork stall
was also provided with a refrigerated cabinet for the
storage and display of selected viscera and other cuts.
The complex was designed so that the stalls could be
fully enclosed, air conditioned, and equipped with
chiller display cabinets. Additional stalls can be
incorporated when funds arc available.

By the time the stalls were completed, the number
of pork sellers wishing to use the afternoon market
had increcased to 10, so that the beef sellers were una-
ble to take up their allocated stalls. The impasse was
solved by the provincial government allocating funds
for the construction of five additional stalls to cater
for all meat retailers at the market. This development
indicated the favourable impact of the more hygienic
stalls on the retailers.

Comment

The AAPSIP projects selected by the ASEAN
countries illustrate the wide diversity of meat retail
operations within ASEAN. Supermarkets and mini-
markets in the cities are routinely adopting refrigera-
tion and placing greater emphasis on hygiene in food
preparation and display. Wet markets are much
slower to adopt these practices. However, changes are
being made, with the lead being shown by some of

the more progressive authoritics. In the country
towns where changes in work practices and life-style
are less apparent and more gradual, developments
will be slower. However, community pressure for
improved presentation and extended shelf lifc of the
product will increase over time, and the authorities
will respond and make the changes required.

Studies on Meat Contamination

Thailand

Before developing an improved retail facility at the
Loci wet market, a study was conducted by the
Department of Livestock Decvelopment (DLD) to
investigate the quality characteristics of meats sold in
the wet markets in Thailand. This study also cxam-
ined meat drip loss and meat microbiology under two
types of storage conditions, so that results could be
used as basis for improving meat handling and retail-
ing. Samples of pork loins and beef loins were bought
in the early morning from wet markets in 17 prov-
inces located in the central part of Thailand (Bang-
kok, Samutprakan, Nonthanburi, Pathumthani,
Nakhonprathom, Samutsakhon), in the northeast
(Khonkaen, Kalasin, Skonnakhon, Udonthani, Loei),
the north (Nakhonsawan, Sukhothai, LLampang), and
the south (Surajthani, Nakhon Srithamaraj, Song-
khla).

Figure 15. A traditional meat marketing stall in Loei, Thailand.
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The study conducted by DLD showed that freshly
killed hot meat traditionally sold in the morning wet
markets is inferior in terms of eating quality, has high
drip loss, and high bacterial contamination. Refriger-
ated storage can reduce drip loss and prolong shelf
life of meat during retailing. However, this must be
accompanied by hygienic practices and proper han-
dling of meat before retailing in order to prevent ini-
tial contamination of the meat. Visual colour
assessment could be of practical use in predicting
meat drip loss, particularly in pork.

Singapore

A comparison was made by the Veterinary Public
Health Division of PPD of the level of bacterial con-
tamination at various stages in the handling process
for pork carcases from the abattoir to the retail outlet.
Under the existing distribution system (open trucks
and unchilled meat), transportation over relatively
short distances in the cooler hours of the night and
early morning did not contribute significantly to
increases in microbial load. Temperatures dropped
slowly in unrefrigerated carcases. Carcase deep mus-
cle temperatures were at 41-42°C immediately post-
slaughter, dropping to a final temperature of 27°C
some 8 hours after slaughtering. Temperatures were
maintained at this level throughout the retail hours at
wet/dry markets which usually stop operations at
noon.

Under the above conditions, the most significant
factor for rapid exponential growth of bacteria is
holding the unrefrigerated meat under ambient condi-
tions at the wet and dry markets. Quality of unrefrig-
erated meat deteriorates over time under the retail
conditions in these environments to reach bacteria
counts greater than 10/ gram. Bacterial counts in
meat in wet and dry markets were at least 10 times
higher than those in supermarkets and minimarts with
refrigerated storage and display. As retail hours pro-
gressed from morning to noon at the wet and dry mar-
kets, there was a further 5-8-fold increase in counts
in unrefrigerated meat. Counts of Escherichia coli
were also consistently high in wet/dry market retailed
meat. Hence, the effects of ambient temperature and
increasing bacterial loads restrict the trading hours of
the retailer and severely shorten the shelf life of the
meat which has to be prepared and consumed on the
day of purchase.

Meat retailed in refrigerated conditions general]x
performed better with counts in the range of 10°-10
organisms/g over extended retail hours.

Under the cold-chain distribution pilot study, car-
case temperatures dropped to 7°C after 10 hours
chilling. Temperatures can be further reduced, and at
a faster rate, with the use of blast chillers. With refrig-
erated handling, counts of 10-10° organisms/g were
obtained. This level could be further reduced by bet-
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ter observance of hygienic handling and operational
hygiene. Chilled storage over an 8-day period
showed only 10-fold increase in total counts and a
lower increase in psychrotrophic count levels. Meat
handled under the cold-chain system was still orga-
noleptically and bacteriologically acceptable for
human consumption after 8 days of chilled storage.

Application of AAPSIP Developments
to Vietnam

Animal production in Vietnam has undergone a major
expansion over the last 5 years. This expansion has
been reflected in the increase in numbers of poultry,
pigs, and cattle. Growth in the buffalo herd has also
been substantial but not as rapid as the increase in
cattle numbers. The initial impetus has been for
increased numbers, but the emphasis now is changing
to higher productivity and quality. This change in
emphasis towards higher meat quality follows a pat-
tern which has been occurring in all the ASEAN
countries. Vietnam is mirroring these changes. The
factors which are catalysing these changes arise from
changes in consumption patterns in the country
resulting from a higher disposable income for an
increasing proportion of the population, increased
numbers of expatriate residents associated with for-
eign investment in the country, and increased tour-
ism.

When Vietnam joins ASEAN there will be
increased opportunities for industry and government
personnel to study developments in the other ASEAN
countries and select those practices which are most
appropriate to their circumstances.
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Recommendations

The establishment of a joint project on reducing postharvest losses of foodgrains by
strengthening postharvest technologies, including drying and storage, was proposed by Pro-
fessor Le Doan Dien. It was suggested that such a project could be organised under the aus-
pices of, and with the technical and financial support of, ACIAR, AFHB, and the Asian
Development Bank.

Its main objectives would be as follows:

To reduce postharvest losses of food grains by applying appropriate technologies from the
various countries in Asia, while taking advantage of exchanges of knowledge between sci-
entists of Asian countries.

To train scientific researchers of Asian countries on specific topics in the field of posthar-
vest technologies and agro-industry (for example, prevention of mycotoxins in foodgrains,
outdoor storage of foodgrains in plastic enclosures or small-scale mobile silos, with the
technical support of ACIAR etc.).

To increase the research potential of the different institutions involved in postharvest
activities and agro-industry from Asian countries.

To develop a program of short- and long-term research and development cooperation on
problems of the postharvest subsector in agriculture and agro-industry among countries of
Asia.

To establish a network of different countries for execution and implementation of specific
topics of general interest.

The implementation of a project to develop appropriate handling and storage practices for

livestock and livestock products in Vietnam, in collaboration with specialists from Australia
and elsewhere, was proposed by Dr Nguyen Van Hai. Project objectives would be to:

reduce livestock postharvest losses by studying and applying technology successful in
other countries in the region and appropriate to circumstances in Vietnam,;

improve traditional methods of livestock handling and storage by minority groups in
mountain areas, so as to reduce quality and quantity losses during processing;

strengthen research capacity in the field of livestock postharvest handling and storage;
develop a cooperation program on matters related to livestock postproduction activities;
and

organise training courses and seminars for scientists and others involved in this area. Such
a project would yield benefits to local and overseas researchers and to community devel-
opment in Vietnam.

In addition, the following recommendations specific to the main topic areas of the work-

shop were made.

Grain Drying

Needs identified for the grain industry in Vietnam were as follows:

Establishment of targets for introduction of drying technologies in terms of crops (quality
vs price) and users (scale).

Development of drying techniques appropriate to users. Use of mathematical models and
simulations may help here.

Economic assessment of the use of dryers.

Assessment of the commercial and social acceptability of dryers.

Dissemination of flat-bed drying technology.

Development of in-store drying to enhance grain quality.

160



Quality Management in Stored Grain

Actions necessary to maintain a quality management program for the grain industry in

Vietnam were as follows:

» Development of a national strategy and action plan to deal with the mycotoxin problem.
(The Vietnamese plan should be available for presentation at the meeting of specialists
from ASEAN countries in Lumut in July 1995.)

» Undertaking studies in phosphine fumigation technology. (The studies would address the
issues of application rates, fumigation times, concentration X time products, and gastight-
ness of fumigation enclosures.)

« Undertaking studies of phosphine resistance. (The surveys would initially use FAO meth-
odology and would produce data comparable with those from other ASEAN countries.)

« Undertaking surveys of pesticide residues in grain. (The survey would target major pesti-
cides used, and ensure compliance with Vietnamese law.)

Comment by Workshop Chairman

We have heard in the report on mycotoxins by Professor Le Van To of the known extent
of the problem in Vietnam.

The situation must be one of considerable concern to Vietnam and I assume that the
various authorities are eager to address the problem.

I understand that ASEAN authorities have prepared a Strategy and Action Plan for the
management of the mycotoxin and spoilage fungi problem in the region.

The regional plan is being supplemented by national strategy and action plans which will
provide the infrastructure needed to address the problem within each of the ASEAN
countries.

I also understand that there is a proposal for countries in the region to meet in Malaysia
during 1995 in a conference on grain quality that will consider integration and
complementarity in national plans to manage mycotoxins.

It would therefore be appropriate, particularly in view of the closer association being
developed between Vietnam and the ASEAN countries, for development of a national
strategy and action plan for addressing the mycotoxin problem. This plan should be
promoted, supported, and actioned by the government, and should provide for Vietnamese
involvement in the regional (ASEAN) initiatives currently being developed.

Quality Maintenance of Fruit and Vegetables

The following matters were considered esential to improving quality in the Vietnamese
industries:

» Developing a thorough understanding of the postharvest system for fruit and vegetables.
« Documenting the various fruits and vegetables produced in Vietnam with respect to their
importance to the national economy in terms of:
— dietary significance
— nutritional value
— ability to earn foreign exchange
— production value, quantity, variety, etc.
+ Collecting detailed information on target markets
— domestic and international
— preferences, consumer and market
— trends
— supply and demand patterns, etc.
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+ Identifying major technical and non-technical postharvest constraints affecting the horti-
cultural industry

Cataloguing and quantifying existing practices and available postharvest equipment, facil-
ities, and technologies

Establishing realistic, far-reaching, sustainable, and coordinated national and regional pri-
orities and strategies

Allocating needed physical and political resources to achieve stated objectives

« Monitoring.

‘Additional’ recommendations

» Set up key centres of postharvest technology at strategic areas to concentrate and coordi-
nate multidisciplinary postharvest research and development activities and foster critical
masses

« Facilitate the rapid increase in the number of scientific, technical, and management per-
sonnel with broad or specialised postharvest knowledge through short intensive and long-
term trainings

» Establish suitable information systems to provide up-to-date information

« Put in place relevant mechanisms and services to disseminate postharvest information and
assistance to the industry

Seafood Products

The following areas were identified as needing attention in Vietnam:

« Communications/training
— Researchers, industry, fish handlers, fishermen
—HACCP workshops
« Hygiene/sanitation
— Review current practices
— Upgrade export practices
* Quality
— Better ice use/quality
— Specific technologies for high priced export foods
— Assess traditional products
o Losses/wastes
— Explore more ways of waste utilisation
¢ Improve marketing
« Environment — keep watch on water quality.
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Plant Protection Research Institute, Chem, Tu Liem, Hanoi. Fax: 84 4 345 722

Dr Ha Minh Trung, Vice Director
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Professor Duong Thanh Liem, Rector

Dr Nguyen Quang Loc, Dean of Faculty of Agricultural Engineering
Dr Phan Hieu Hien, Lecturer, Faculty of Agricultural Engineering
Mr Nguyen Le Hung, Lecturer, Faculty of Agricultural Engineering

Institute of Agricultural Engineering, Phuong Mai, Dong Da, Hanoi. Fax: 84 4 521 131

Dr Pham Van Lang, Director
Dr Tran Manh Hung, Head, Department of Agricultural Electrification and Instrumentation
Dr Chu Van Thien, Expert

Postharvest Technology Institute, 4 Ngo-Quyen Street, Hoan Kiem District, Hanoi. Fax: 84 4 258 440

Dr Le Doan Dien, Director

Dr Le Van Tru, Vice Director

Dr Ton Gia Hoa, Chief of Scientific Division

Mr Phung Huy Hao, Specialist

Mr Hoang Ho, Vice Head, Entomology and Microbiology Department
Mr Bui Huy Thanh, Head, Food Storage Department

Mr Nguyen Trong Hien, Vice Head, Food Storage Department

Postharvest Technology Institute, Ho-Chi-Minh City Branch, 135 Pasteur Street, 3 District, Ho-Chi-Minh
City. Fax: 84 8 290 202

Professor Le Van To, Director
Mr Tran Van An, Laboratory Manager

National Vegetable and Fruit Corporation (VEGETEXCO), 2 Trung Tu, Dong Da, Hanoi. Fax: 84 4 523 926
Ms Le Thi Tu Mac, Vice General Director

Mr Quach Dinh, Assistant to Director General (Scientific and Technical)

Mr Nguyen Van Uoc, Chief of Division

Ms Ngo Ngoc Han, Expert

Fruit and Vegetable Research Institute, Trau Quy, Gia Lam, Hanoi. Fax: 84 4 523 926

Dr Dinh the Bao, Vice Director
Mr Nguyen Cong Hoan, Technologist
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National Institute for Animal Husbandry, Thuy Phuong, Chem, Hanoi. Fax: 84 4 344 775
Mr Nguyen Van Hai, Director, Animal and Poultry Processing Research Centre

Ministry of Fisheries, Ba-Dinh, Hanoi. 84 4 254 702

Mr Nguyen Van Ngoan, Vice Director, Research Institute of Marine Products, 170 Le Lai, Haiphong. Fax: 84 31
45153

Mr Nguyen Van Le, Researcher, Research Institute of Marine Products, 170 Le Lai, Haiphong. Fax: 84 31 45 153
Mr Nguyen Tu Cuong, Director, Center of Seafood Control & Sanitary

Mr Nguyen Hung Dung, Vice Director, Department of Science and Technology

Ministry of Heavy Industry, 54 Hai Ba Trung, Hanoi. Fax: 84 4 269 033

Dr Pham Le, Vice Director of the Research Institute of Agricultural Machinery

Other

Dr Le Cong Huynh, Chief of the Mechanical Division, Hanoi Agricultural University No. I, Tran Quy, Hanoi. Fax:
844276 554

Representative, R & D Department,Ministry of Science, Technology & Environment, 39 Tran Hung Dao, Hanoi.
Fax: 84 4251 730

Mr Nguyen Duy Thanh, Polytechnic University, Dai Co Viet, Hanoi. Fax: 84 4 692 006

Mr Nguyen Thanh Long, Song Hau State Farm, Can-Tho. Tel: 84 71 23545

Mr Nguyen Bong, Lecturer, Can-Tho University, Can-Tho. Fax: 84 71 25474

Mr Do Duc Thanh, Expert, Department of Agriculture and Food Industry, 176 Hai Ba Trung, Q1, Ho-Chi-Minh
City. Tel: 84 8 297 580

AUSTRALIA

Dr Graham Alexander, Consultant, Palamere Pty Ltd, GPO Box 870, Brisbane, Queensland 4001. Fax: 61 7 371
0418

Dr Mervyn Bengston, Chief Entomologist, Department of Primary Industries, 80 Meiers Road, Indooroopilly,
Queensland 4068. Fax: 61 7 371 0766

Professor Ken Buckle, Head of Department of Food Science and Technology, The University of New South Wales,
Sydney, NSW 2052. Fax: 61 2 313 6635

Dr Bruce Champ, Postharvest Research Program Coordinator, ACIAR, GPO Box 1571, Canberra ACT 2601. Fax:
61 6257 3051

Mr Ed Highley, Scientific Editor, ¢/- ACIAR, GPO Box 1571, Canberra ACT 2601. Fax: 61 6 257 3051

Dr Greg Johnson, Research Scientist, CSIRO Division of Horticulture, Cunningham Laboratory, 306 Carmody
Road, St Lucia, Queensland 4067. Fax: 61 7 371 3946

Dr Clem Kuek, Senior Lecturer, Faculty of Business and Technology, The University of Western Sydney
Macarthur Campus, P.O. Box 555, Campbelltown, NSW 2560. Fax: 61 46 266 683

Dr George Srzednicki, Professional Officer, Department of Food Science and Technology, The University of New
South Wales, Sydney, NSW 2052. Fax: 61 2 385 5931

Ms Michelle Warton, Professional Officer, Department of Food Science and Technology, The University of New
South Wales, Sydney, NSW 2052. Fax: 61 2 385 5931

Dr Christopher Yuen, Senior Lecturer, Department of Food Science and Technology, The University of New
South Wales, Sydney, NSW 2052. Fax: 61 2 313 7068

BELGIUM

Dr Ir. M. Herregods, Chairman, Commission on Postharvest Handling of Horticultural Products, International
Society for Horticultural Science, ¢/- Verbond van Belgische Tuinbouwveilingen, Tiensevest 136, 3000 Leuven.
Fax: 321620 30 35

CHINA

Mr Wu Zi Dan, Ministry of Internal Trade, 45 Fuxingmennel Street, Beijing 100801
Mr Zhu Chun Kui, Expert
Mr Ju Jin Feng, Expert
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ISRAEL
Mr Tom De Bruin, Haogenplast Ltd, Kibbutz Haogen, Israel 42880. Fax: 972 9 62 0642
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Mr F. Troude, FAO, via Delle Terme di Caraccalla, Rome 00100. Fax 39 5 225 6850
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Mr Mohd Nuri B. Sam Abdul Latiff, Syarikat Kamarist, No. 85 Jalan Setiakasih, Bukit Damansara, Kuala
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Damansara Town Centre, 50490 Kuala Lumpur. Fax: 60 3 255 2787

Ms Koh Siew Hua, Executive Officer, ASEAN Food Handling Bureau, Level 3, G14 & 15 North, Damansara
Town Centre, 50490 Kuala Lumpur. Fax: 60 3 255 2787

Ms Koh Siew Hooi, IFIS S.E. Asia Representative, ASEAN Food Handling Bureau, Level 3, G14 & 15 North,
Damansara Town Centre, 50490 Kuala Lumpur. Fax: 60 3 255 2787
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Mr Jan A W Remie

NEW ZEALAND
Ms Jane Harmen, Mt Albert Research Centre

PHILIPPINES

Mr Martin Gummert, Consultant & Project Coordinator, International Rice Research Institute, P.O. Box 933,
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