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1. INTRODUCTION

Fungi are a diverse! group of organisms ranging from dmple single cdls through to complex
dructures. However, yeast and moulds are often the fungi responsble for food spoilage (Robinson
(1983)).

Extensve research has identified the most important physical and chemica factors which influence
grain damage by fungd growth. Of these, environmenta conditions, temperature, humidity, oxygen
and carbon dioxide tensons seem to play a decisve role in determining fungd growth and toxin
production (FAO (1983)). Pitt and Hocking (1991) have indicated that the dominant factor is
water activity - a chemicd concept quantifying the relationship between moigture in foods and the
ability of micro-organismsto grow on them. Pitt and Hocking conclude that ‘ Dry a product quickly
and keep it dry’ remains the most effective method for ensuring fungi do not invade stored products.

When products are not dry while in storage, fungi attack them and fungd growth leads to reduction
in the quantity and weight of grains, deterioration in qudity of produce for processng and in food
vaue and the production of aflatoxins.

1.1  Why focuson aflatoxins

There are five mycotoxins that occur oftenin food. These are:

Mycotoxin Main commodity affected Fungal source

Deonynivadenol/nivaenal Whest, maize, barley Fusarium, graminearum,
culmorum, crookwellense

Zeardenone Maize, wheset Fusarium, graminearum,
culmorum, crookwellense

Ochratoxin Barley, wheat Aspergillus ochraceous,
Penidllium verrucosum

Fumosin Maze Fusarium mondliforme

Aflatoxin B, B,, G;, G, Maize, peanuts Agpeillus flavus, A.
paradticus

Source: GASGA (1993)

Appendix A gives examples of ather commodities that are susceptible to fungd attack, and lists the
fungi that are often responsble for damage and qudity deterioration of grains. The focus of this
paper, however, is on a sub-sat of mycotoxigenic fungi producing aflaoxinsin grains.

Lillengj (1987) provides some descriptive details about aflatoxins. While aflatoxins are not the only
mycotoxins in foods and feed, they are the more important mycotoxins not only in the countries that

1 Asanindication of the diversity of fungi, in 1991-92, analysis of 1328 samples from field, farm, storage
and retail sourcesin Indonesia and Philippines led to the isolation and identification of approximately
6800 fungi (see ACIAR 1992). Samples comprised mainly maize, peanuts, rice (both paddy and milled),
beans of various types, with smaller numbers of cashews, kemiri nuts and spices.



are induded in this study, but in the rest of Ada, Africa and Latin America For example, Van
Egmond (1991) notes that:

“At the time of writing there were about 60 countries that had specific regulations or detailed
proposds for regulations on mycotoxins. Mog of the exising mycotoxin regulations
concern aflatoxins and, in fact, al countries with mycotoxin regulaions have tolerances for
aflatoxins in foods and/or animd feedstuffs.”

Appendix B gives some information on current aflatoxin regulationsin selected countries.
1.2  Why focus on maize and peanutsin Indonesa, Philippines and Thailand

Amongst commodities susceptible to fungd attack and aflatoxin contamination, maize and peanuts
are by far the most important in monetary value (Fitt (1993)). Pitt and Hocking? estimate that about
90% of aflatoxins in Indonesia, Philippines and Thailland come from maize and peanuts. Maze and
groundnuts have each a wide range of different uses as foods and feedstuffs. Reddy et d. (1992)
provided the following summary of the multiple uses of groundnuts

The groundnut plant comprises approximately 10% roots, 45% vines and leaves, and 45%
pods. The roots and nodules add 125-178 kilograms of nitrogen per hectare to the soil
through nitrogen fixation. The vines and leaves are used as green, dry or sllage fodder and
asfertiliser and fud. Groundnut husk condtitutes about 13% of the whole plant and is put to
severd uses. The whole seed, which congdtitutes 32% of the tota mass of the plant, is used
for ol and food. The groundnut oil is mainly used for cooking, and in industry for the
preparation of severd domestic products. The protein rich cake or med after oil extraction
is usudly fed to livestock or used as fertiliser. However, in recent years, with proper
processing, the med is being utilised for making products such as hot cakes, biscuits, and
baby or invaid foods.

The economic and socid codts of using aflatoxin-contaminated corn and peanuts depend on how
consumers of these products use them in the different countries. Appendix C provides some
information on both the production and usage of corn and peanuts in Indonesia, Philippines and
Thalland.

1.3  Outline of the paper

Section 2 introduces five potentid impacts of fungi and aflatoxins.  Section 3 discusses some
modelling issues and presents an overview of economic modes which can be used in estimating the
socid cogts of aflatoxins. Section 4 describes the approach used in estimating the socid costs of the
impacts of fungi and aflatoxins and presents estimates of the welfare costs of aflatoxinsin Indonesia,
Philippines and Thailand. Section 5 draws some conclusions.

2 Dr JPitt and Dr A Hocking, CSIRO, Sydney, Personal Communication, 14 January 1994.



2. FIVE POTENTIAL IMPACTS OF FUNGI AND AFLATOXINS IN
AGRICULTURE

This section identifies from the scientific literature five potentid impacts of fungi and aflatoxins,
namdy:

qudity deterioration in the agricultura products,
spoilage of the agricultura products;

mutagenic and carcinogenic effects on humans who consume aflatoxin-contaminated food
over along time-period;

livestock hedth and productivity effects arisng from the use of aflaoxin-contaminated
feedgtuffs, the emphasis is on increases in mortdity rates and reductions in feed to weight
conversion ratios for chickens, ducks, egg-layers, and pigs; and

the loss of export markets due to aflatoxin regulaions redricting internationd trade in
alatoxin-contaminated grains.

The purpose of this section isto:
highlight the importance of each of the five potentid impacts of fungi and &flatoxins, and
summarise the empirica evidence of each gleaned from the scientific literature.

2.1  Product quality impactsof fungi and aflatoxins

2.1.1 Gradesof produce

Totd aflatoxins (B,, B,, G; and G,) in micrograms per kilogram of product can give an indication of
some of the qudity attributes of the product. Using data from ACIAR project PN8806 (see
ACIAR (1989), (1990), (1991), (1992), (1993)) on the levels of aflatoxin contamination in peanuts
and maize in Southeast Adg, it is possible to identify three distinct quaity grades of produce:

high quality produce - this is produce which contains no more than 50 micrograms of total
dflaoxins (B, B,, G; and G,) per kilogram of product;

medium quality produce - thisis produce containing more than 50 micrograms of aflatoxins
but the level of aflatoxin contamination is less than or equa to 300 micrograms of tota
dlaoxins (B, B,, G; and G,) per one kilogram of product; and

low qudity produce - this is produce which contains more than 300 micrograms of tota
aflaoxins (B,, B,, G; and G,) per kilogram of product.



The category of high qudity produce includes dmogt aflatoxin-free produce containing no more than
5 micrograms of aflatoxins per kilogram of product. In many countries the limit of 5 micrograms per
kilogram of product is applicable to baby food products (see Appendix B). Thisis dso the limit
proposed by the European Community for dairy feeds. The reason for such a low limit for dairy
feeds is to do with aflatoxin M, in milk products. The accepted upper limit for aflatoxin M, is0.05
micrograms per kilogram of product. The converson rétio of aflatoxin B, in feed to aflatoxin M, in
milk is 100:1. Thus the acceptable limit in dairy feeds to meet this sandard is 5 micrograms per
kilogram of dairy feeds.

The upper limit of 50 micrograms of totd &flatoxins (B;, B,, G, and G) per one kilogram of
product for high qudity produce is arbitrary but it is condstent with the literature on aflatoxin
regul ations specifying maximum acceptable levels of aflatoxin contamination in foods and feedgtuffs.
Appendix B ligts these limits for sdected countries. Different countries have different limits. In
1991, for peanuts, maize and maize products, the maximum vaue for the acceptable leve of
aflatoxin contamination was 50 micrograms per kilogram of product (see Table B.1 and Table B.2
in Appendix B).

The upper limit of 300 micrograms of totd &flatoxins (B, B,, G; and G,) per kilogram of product
for the medium qudity product isdso arbitrary. The United States has a limit of 300 micrograms of
totl eflatoxins (B, B,, G, and G,) per kilogram of product for feedstuffs for adult beef cattle,
sheep and goats.

In terms of aflatoxin contamination, products that contain more than 300 micrograms of totd
aflatoxins (B, B,, G, and G,) per kilogram of product are low qudity products. Such products
contain more than 10 times the levels of aflatoxins acceptable in some western countries and more
than 60 times the levels of aflatoxins acceptable in western countries with the lowest aflatoxin
tolerance levels.

Tiongson and Gacilos (1990) give some support for the approach of usng postharvest aflatoxin
contamination levels to define grades of farm-level output when they conclude that:

‘No definite pattern of increase in the incidence of aflatoxin was observed among different
dages of operation. This suggests that the grain may reach a subgtantia leve of aflatoxin
contamination even a the start of off-farm operation depending on the degree by which the
grains were earlier predisposed to Aspergillus flavus infection and to on-farm conditions
that favour aflatoxin formation during the pre harvest stages of the crop.’

Table 1 summarises the relevant data on the quality of maize and peanuts in Indonesia, Philippines
and Thalland. The data in Table 1 may be conservative compared to results from other studies.

For example, in the case of the Philippines, Agaceta et d. (1993) collected 200 poultry feeds, 300
hog feeds and 100 prawn feeds from different feed mills and farms in Luzon, Visayas and Mindanao
and found that 63% of poultry feeds, 61% of swine feeds and 52% of prawn feeds contained more
than 50 micrograms of aflatoxins per kilogram of feed.

Instead of treating maize (corn) as a homogeneous product, this paper treats maize as three different
products depending on levels of aflatoxin contamination. Similarly, peanuts (groundnuts) are three



different products, where each peanut product line corresponds to different levels of aflatoxin
contamination.



Table 1. The aflatoxin content of maize and peanuts in Indonesia, Philippines and Thailand

(Percentage of sample tested which had the leve of aflatoxin contamination in column 2 of the table)

Commodity grades Micrograms of Indonesia Indonesia Philippines Philippines Thailand Thailand
aflatoxin B1 +Bo + G
+Gp per kilogram of Maize2 Peanuts& Maize? Peanuts& Maize2 Peanuts@
product

Almost aflatoxin free - High ny/kg£5 68 a4 44 67 53 64
quality (1)
High quality (2) 5<ny/kg £ 10 2 1 9 5 0 4
High quality (3) 10<nw/kg £50 8 10 27 6 18 7
HIGH QUALITY - TOTAL mg/kg £ 50 78 55 80 78 71 75
MEDIUM QUALITY 50 < ng/kg £ 300 18 12 14 6 15 14
Low quality (1) 300 < my/kg £ 1000 3 1 5 9 1 7
Low quality (2) 1000< nyy/kg £ 5000 1 17 1 4 4 3
Low quality (3) 5000 < ng/kg £ 10000 0 4 0 2 0 0
Low qudity (4) ny/kg exceed 10000 0 1 0 1 0 0
LOW QUALITY - TOTAL no/kg exceed 300 4 33 6 16 14 11
TOTAL PERCENTAGE Not applicable 100 100 100 100 100 100
TOTAL NUMBER OF Not applicable 96 215 146 81 108 94
SAMPLES
TOTAL PRODUCTION '000 TONS (1991) 64450 1056C 46770 350 40350 163C

Sources: a  ACIAR (1989, 1990, 1991, 1992 and 1993)

CIMMY T (1992)

b
¢ Food and Agriculture Organization of the United Nations (1992)
d Bureau of Agricultural Statistics (1993)



2.1.2 Priceversusquaity

Tiongson and Gacilos (1990) observed an inverse relaionship between the price of corn grits and
aflaoxin content in the Philippines - that is the lower the level of aflatoxin content, the higher was the
price of corn grits.

Cardino-Bermundo et a. (1991) concluded that moisture content and colour of the commodity
determines the price of corn gran in the Philippines. Bottema and Altemeier (1990) and
Wattanutchariya et a. (1991) indicate that these two factors (moisture content and colour) are the
most important two factorsin grain price formation in Indonesaand Thalland. In these countriesthe
gran trader (middleman) measures the two factors through sensory evauation and visud
observatiors. Generaly local grain traders and processors do not use laboratory equipment, like
moisture testers, to measure grain attributes. The trader discounts wet or discoloured grain by
deducting a certain percentage off the gross weight of grain. Alternatively the trader deducts a
percentage off the market price to get the price per unit weight of wet or discoloured grain. The
discounts increase with the wetness of grain. Cardino-Bermundo et a. (1991) observed the
following discounts in the Philippines

for skin dry produce, traders reduced the gross weight or the per unit weight price by a
factor ranging from 5% to 10% depending on the level of dryness;

for wet grain, traders reduced the weight or price of produce by afactor ranging from 15%
to 20%; and

for damaged grain, traders reduced the gross weight or the unit price of the produce by a
factor ranging from 30% to 50%.

The pricing regime for grains that Cardino-Bermundo et d. (1991) observed?, does not take into
account the level of aflatoxin contamination in the grains. Table 2 shows farmgate prices for maize
and peanuts in Indonedia, Philippines and Thailand. In the anadlys's the price of maize and peanutsis
the same irrespective of the leve of aflatoxin contamination of the grain.

2.2  Product spoilage effects of fungi and aflatoxins

3 Dr John Pitt and Dr AilsaHocking CSIRO, North Ryde, Sydney (Personal communication 14 January
1994) noted that (a) visual observation isavery poor and unreliable way to tell whether a product
contains aflatoxins or not, (b) current pricing regimes do not capture aflatoxin content of products, (c)
traders may have price differentials for other attributes of grains but those price differentials are not
likely to reflect aflatoxin content. On the basis of these expert observations, the rest of the paper, while
differentiating grains by aflatoxin content, does not introduce afl atoxin-related grain-price differentials.
The paper uses the average price of maize and the average price of peanuts.

4 Cardino-Bermundo et al. (1991) note that this scheme does not provide adequate incentives for dried
corn; the price differential between dried and wet corn is not enough to cover the cost of mechanical
drying operations. Farmersthen tend to produce more wet, poor quality grain than would be the case
under apricing scheme with alarger premium for dry grain.



It is possble for fungi to so adversely affect the sensory characteritics (such as taste, odour,
texture, colour), the nutritiond vaue and functiond properties of grains that the grains



Table 2. Thefarmgate price of maize and peanutsin Indonesia, Philippines and Thailand
($A per metric ton, 1991)

Country Maize2 Peanuts?
Indonesa 170 667
Philippines 253 667
Thaland 137 667

a CIMMYT (1992) reports pricesin US dollars. These prices are converted to Australian dollars assuming an
average 1991 exchange rate of $A1 =$USO0.7.

b Rao (1993, Table 5.3). This is the international price for groundnuts in shell. Nationa prices are not
available, and when they are available, it is often not clear whether they refer to groundnuts in shell or to
groundnuts after they are shelled.
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become unacceptable as food or feed. In such cases, the farmer or the grain handler has to discard
the grain as waste implying that some of the farm-level production of food or feed does not reach
the retall market. Spoilage of food and feed between the farm sector and the retail sector affects the
retail prices of these products. This paper explicitly takes into account these product spoilage
effectsin estimating the impact of fungi and aflatoxins.

FAO (1983) usssthe term ‘damage’ to indicate the physical or mechanica spoilage of afood grain;
it may reflect partia deterioration of a food on the bass of a subjective judgement but not
necessxily the loss in weight. Fungi and aflatoxins lead to product damage or spoilage in three
different ways:

fungi lead to discolouration and to deterioration in the physical appearance of grains which
not only lowers product quality but often makes the product unacceptable for consumption
asfood or feed and thus of no commercid value;

dorage fungi change the fat acidity of grains - fatty acids contribute to characteristic off-
odours and rancidity (unpleasant stadle smell or taste) of stored commodities; and

invason of seeds by storage fungi dradticdly reduces germinability of the seed (FAO
(1983)).

Spoilage rates due to fungi and aflatoxins are described by probability functions. The probability that
the spoilage rate takes a particular vaue is a function of various factors including: the variety of the
product (eg yellow corn versus white corn), the time and method of harvest, the period and method
of storage, the storage temperature, the moisture content, the drying method prior to storage and so
on (see Maize Qudity Improvement Research Centre (1992)). Thus estimates of spoilage rates, in
amathematica statistics sense, are expected spoilage rates.

Current estimates® suggest that traders and users of maize and peanut grain in Indonesia, Philippines
and Thailand throw away about 5% of the grain because of fungi and aflatoxin contamination. This
edimate is consgtent with the estimate by RenYong et d. (1992) who used systems analysis to
edtimate various postharvest losses in the grains sector and concluded that in China the postharvest
spoilage rate due to aflatoxinsin the grains sector was about 3.6%.

2.3  Human hesalth effects of aflatoxins
When people ingest food containing aflatoxins they may suffer two mgor types of effects.

The acute effects of high, short-term exposure to aflatoxins in humans may lead to fatd
aflatoxicoss, with jaundice for example, and may play a role in kwashiorkor, and Reye's
syndrome (Bhat (1989, 1991)). Such acute outbresks of disease are preventable if
countries introduce and adhere to tolerances to aflatoxins in foods (Kuiper-Goodman
(1991)).

5 Dr John Pitt and Dr Ailsa Hocking, CSIRO, North Ryde, Sydney (Personal communication, 14 January
1994).
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The chronic mutagenic, carcinogenic effects have long latency periods. They include
primary liver cancer, Indian childhood cirrhosis - a liver disorder in India corrdlated with
breast milk and baby food contaminated with aflatoxin, and chronic gadtritis (Bhat (1989,
1991)).

This paper dedls with the most important of these effects - the development of primary liver cancer.
Edtimates of the numbers of primary liver cancer cases attributable to aflatoxins in maize and peanuts
consumed in Indonesia, Philippines and Thalland give an indication of the human hedth effect of

maize- and peanut-related aflatoxicoss in these three countries.

The weight of evidence with respect to carcinogenicity is againg aflatoxins. An FAO/MWHO Expert
Committee (WHO (1987)) urged reduction of the intake of aflatoxin B, to the lowest practica level
S0 as to reduce the potentia for harm. The International Agency for Research on Cancer (IARC
(1976, 1987)) reviewed aflatoxin B, and concluded that aflatoxin B, is ahuman carcinogen.

A number of gudies’ have established a strong correaion between ingestion of aflatoxins and the
incidence of primary liver cancer. Most of these have been population’-based correlation studies.
Since data in these studies are collected on populations rather than individuds, it is not possble to
determine the exposure to aflatoxins of individuas who have the disease (Kuiper-Goodman
(1991)). Furthermore, it gppears that primary liver cancer can have a multi-factorid origin. Factors
like dcohol (Bulatao-Jayme et d. (1982)) and hepatitis B virus (Croy and Crouch (1991)) appear
to have a synergidtic effect on the incidence of primary liver cancer. As well, genetic differences,
socia economic status, sex and age of the individual may play arole. However, Kuiper-Goodman
(1991) has argued that hepatitis B virus is not a confounding factor unless its digribution in the
various study populations is uneven. He concludes that it cannot be presumed a priori thet dl the
older studies in which hepatitis B virus satus of individuas was not measured are invdid.

This paper adopts a population-based corrdation gpproach. The am is to provide indicative
edimates of the human hedth effects of aflatoxins measured in terms of the number of primary liver
cancer cases dtributable to aflatoxins in maize and peanut. More accurate estimates need to take
into account the confounding factors in the discusson above and must be individually based.

Egimating the human hedth effects of aflatoxins in terms of primary liver cancer, requires data on
human exposure to aflatoxins. Information in Table 1 and Appendix C provides a sarting point in
exposure assessment. Table 1 gives details on the didtribution of aflatoxins in maize and peanuts in
Indonesia, Philippines and Thailand. Appendix C indicates the extent to which people in the three
countries use maize and peanuts.

6 See Shank et a. (1972a, b, ¢, d, €) on aflatoxicosis and primary liver cancer in Thailand. CAST (1989)
discusses studies of aflatoxin poisoning in Western India, Uganda, Taiwan, Thailand and Kenya. Peers
et al. (1976, 1987) studied aflatoxicosisin Swaziland. Yeh et al. (1989) deals with hepatitis B virus and
primary liver cancer in Chinawhile Bulatao-Jayme et al. (1982) correlates exposure to aflatoxin and the
incidence of primary liver cancer in the Philippines.

7 Exceptionsinclude Bulatao-Jayme et a. (1982) and Yeh et al. (1989). Yeh et a. (1989) collected data on
7917 menresiding in 5 different areas for aperiod of 3.8 years. However, the study estimated at the
population level dietary aflatoxin levelsfor 4 out of 5 areas on the basis of market sample analyses.



24  Livestock health and productivity impacts of aflatoxins

Using feed which contains aflatoxins leads to a rumber of negative effects on susceptible livestock
and poultry. CAST (1989) note that:

“The impact of fungd toxins upon animas extends beyond their obvious effect in producing
degth in the wide variety of animds that are likdy to consume mycotoxin-contaminated
grans or feeds. The economic impact of lowered productivity, reduced weight gan,
reduced feed efficiency, less meat and egg production, greater disease incidence because of
immune system suppression, subtle damage to vitd body organs, and interferences with
reproduction is many times greater than that of immediate morbidity and deeth.’

A typicd fidd-case of aflatoxicoss is marked not by mortality but by a decline in productivity with
no visble disease symptoms (Hamilton (1987)).

Losses that result from using contaminated grain as feed are difficult to measure for various reasons
incduding the fallowing:

The consequences of aflatoxicoss depend on the dose of aflatoxin, the length of feeding
toxic diets and the age at first exposure to the toxin (Rao and Reddy (1989)).

Subtle effects due to usng aflatoxin-contaminated feed do not produce clinica symptoms of
toxicity (Nichols (1987)). These effects include reduced growth rate, reduced feed
efficiency, the infertility syndrome in swine and cattle, the loss of qudity in anima products -
examples incdude milk with &latoxin M; because dairy cettle are fed on &flatoxin-
contaminated feed, chicken carcasses condemned or downgraded because of the broiler
bruisng syndrome® or the pade bird syndrome®. Since aflatoxicoss often occurs in these
subtle ways, proper diagnosis is dependent on keen observation and good production
records. Unfortunately proper diagnosisis often not made.

The effects of aflatoxins change when there are other aflatoxins in the feed. Feed mixtures
may include mycaotoxins other than aflatoxins and some of these have additive or synergistic
effects with the aflatoxin (Pier (1987)).

Aflatoxins do not occur uniformly in feed. While the presence of moulds can be an
indication that aflatoxins may be present, the degree of visble mould infestation is not
necessaxrily an indication of the level of toxin production in the feed or food. Moreover,
mouldiness may not be gpparent after milling or processng.

Apparently healthy birds exhibit bruises and haemorrhaging at slaughter. Experiments revealed that
aflatoxins increase capillary fragility and reduce the ability of supporting tissues to cushion the blood
vessels against blows (Hamilton (1987)).

9 Chickensfed on aflatoxin-contaminated feed fail to realise their colour potential. The yellow colour of
chicken skins and egg yolk is attributable to carotenoids. Aflatoxinsinterfere with the bird's capacity to
absorb, transport and metabolise carotenoids. (See Hamilton (1987)).
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The rest of this section discusses the impacts of aflatoxin-contaminated feed on each livestock group
which is susceptible to aflatoxicoss.

2.4.1 Poultry meat and egg production

Smith et d. (1971) point out that aflatoxicoss in chicken is characterised by poor growth rates,
inefficient feed converson and increased mortdity rates. Among the results they report are the
following which relate to the differences in growth rates, feed converson and mortdity rates for 50
chickens over a period of 21 days:

Aflatoxins affect the Without aflatoxins in feed With aflatoxinsin feed (10
following variables ppm)

Mean body weight after 21 363 grams 195 grams

days

Feed consumed/weight gain 1.73 2.23

Mortality rates 0/50 12/50

Aflatoxicoss seems to dmost hadve the chicken's growth rate, to reduce feed conversion efficiency
by about 30% and to increase mortdity rates. Hamilton and Garlich (1971) and Huff et d. (1975)
demondtrated that aflatoxicods in laying hens causes an enlarged fatty liver and a decrease in egg
production - fewer and smaller eggs are produced. The decrease in egg production does not occur
immediately after aflatoxin is introduced in the diet but rather occurs after a 10 to 14 days lag

period.

There are other effects of aflatoxicoss in the poultry and egg production sector not taken into
account in this paper because, in the literature, there is inadequate quantification of their magnitude.
For example, Boulton et d. (1979) conclude that layers exposed to dietary aflatoxins at the time of
Newcastle Disease vaccinagtion may not be adequately vaccinated and that more frequent
vaccndion may be required.  Wyatt (1979) discusses the following additiond effects of
aflatoxicoss in the poultry and egg production sector: increased condemnation or downgrading of
carcasses, poor pigmentation of poultry products which reduces their sde vaue, dtered immunity
which increases susceptibility to disease and interference with the bird's norma processes of
absorption, digestion and utilisation of nutrients.

2.4.2 Hog production

The toxicity of aflatoxins has been reported in suckling piglets, growing and finishing swine and
breeder stock (CAST (1989)). Table 3 takes into account three impacts of aflatoxicosis in the hog
sector: increased mortdity rates, decreased weight gain and decreased feed conversion efficiency.
The effects of aflatoxins in pigs are varied, and may be more or less pronounced, depending upon
the age of the animd, diet, concentration of aflatoxins and length of exposure. Swine appear to be
resstant to dietary levels of aflatoxins up to 300 ppb
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Table 3. Livestock hedth and productivity impacts of aflatoxins

Livestock Type of impact Impact with high Impact with medium Impact with low
quality feed quality feed quality feed
Aflatoxin Aflatoxin Aflatoxin
B1+B,+G+G, By +B,+G+G, B +B,+G+G,
in the following in the following in the following
range range range
O£ ny/kg £50 50 < nmy/kg £ 300 ngy/kg >300
1 Poultryand 11 Deathsperyear R 122 142
egg chickens (%)
production
12 Deaths per year 120 28° no data
ducks (%)
13 Averageweight of 448 33 2.
abird (kilograms)
14 Feed/ weight gain 29" 349 38
ratio
15 Egg weight /bird 29 296 305
feedratio
2. Hogs 21 Deathsper year 15 15 28K
(%)
2.2 Average weight of 75" 75" 54M
apig (kg)
23 Feed consumed to 24" 24" 6.0"

weight gainratio

Notes

a  From Shane (1991). The vauesfor high quality feed correspond to Shane's standard values for these parameters. This
figure includes condemned carcasses. A 3% and 5% increase in mortality rates is associated with medium quality feed
and low quality feed correspondingly.

b  Hetzel et a. (1984).

Wu et d. (Editors 1991). Thisisthe average weight for Thailand and Philippines chickens.

Thisis an estimate of body weight of chicken fed on medium quality feedstuff. It is based on estimates in notes (c) and

(e.

Based on Smith et al. (1971) where presence of aflatoxins halves the growth rate of chicken.

Wu et a. (Editors 1991) feed/gain ratio for Thal native chickens.

Estimated from notes (f) and (h).

Based on Smith et al. (1971).

CAST (1989) estimates that aflatoxicosis could lead to a reduction of 5% in egg production in laying hens.

By interpolation between the results for the high quality and low quality feed.

Estimate from Wilson et al. (1984). Thisisthe mortality rate for smaller herdsin Georgia, USA and is used here on the

assumption that Southeast Asian pig herds tend to be small.

I From CAST (1989). Thisisthe overall mortality rate for hog producers in the Southeastern United States and may be
low in the case of Southeast Asia.

m  Average of pig carcasses in Indonesia, Philippines and Thailand from datain FAO (1992).

n  Based on Buhatel and Salgjan (1977) and CAST (1989).

o o

~— — TQa o
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Table 3. (Cont'd) Livestock hedlth and productivity impacts of aflatoxins

Livestock Type of impact Impact with high Impact with medium Impact with low
quality feed quality feed quality feed
Aflatoxin Aflatoxin Aflatoxin
B1+B,+G +G, B1+B,+G+G, B,+B,+G+G,
in the following in the following in the following
range range range
O£ ny/kg £ 50 50 < ng/kg £ 300 ng/kg >300
3. Besf cattle 31 Deathsper year (%) No data® No data® No datal
32 Liveweightgainin 0.2231 0.2124 0.156P
an animal (metric ton)
33 Feed 5.7 6.3 6.6"
consumption/weight
gain
4. Cow milk 41 Deaths per year (%) No data® No data® No data®
4.2  Milk production 1008 86° 725
index
43 Feed 5.7 6.3 6.6"
consumption/milk
produced

o Anextensive literature has not uncovered any reference to increased mortality rate as amajor problemin the
beef cattle sector. Thusthere are no estimates of the effect of aflatoxicosis on beef cattle mortality rates.
Hamilton (1987) notes that atypical field case of aflatoxicosis is marked not by mortality but by adeclinein
productivity with no visible disease symptoms.

p FAO(1992). Theassumption isthat the current situation in Southeast Asiais such that beef cattle
producers use low quality (highly mycotoxin-contaminated) feedstuff.

q Based onKeyl and Norred (1979) and FAO (1992) - Keyl and Norred (1979) suggest that animals on
aflatoxin-free diet and those on diets containing 300 ppb of aflatoxins are about 1.43 times and 1.36 times
respectively, the weight of animals on diets containing 1000 ppb of aflatoxins.

r  Based on Keyl and Norren (1979).

s  From CAST (1989).
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fed from time of weaning to marketing (CAST (1989)). Buhatd and Sdgan (1977) provide the
fallowing results on the possible impacts of aflatoxicoss weight gain and feed converson efficiency
in the hog sector.

Aflatoxins affect the Without aflatoxinsin feed With aflatoxins in feed (300

following variables ppm)
Pig's body weight at sart (kg) 8.0 85
Fig'sfind body weight (kg) 24.5 15.1
Fig'smean daly weight gain 0.183 0.073
(ka)
Percent 100% 40%
Mean daily feed intake (kg) 0.440 0.440
Feed/Weight gain ratio 2.40 6.00
Feed/Weight gain rétio as
percent of retio for aflatoxin- 100% 251%
freefeed

Wilson et d. (1984) reported mortdity rates of 10% in herds of 200 or more swine and 28% in
herds with 20 to 50 pigs. In Wilson et a. (1984) 30 to 45% of the pigs in the sampled herds were
vigbly ill from consuming grain with aflatoxin levels greater than 350 ppb.

243 Bedf catle
Hseh (1979) grouped the effects of mycotoxicossin beef cattle into four mgjor groups:.

the lethd effects - that is, consuming aflatoxins in sufficiently high concentration will leed to
death of cattle;

the sublethd mycotoxicoses - aflatoxins interfere with the immune system of cattle which
make them more susceptible to disease; aflatoxins aso lead to reduced weight gain and
reduced feed conversion efficiency;

carcinogenic effects ; and
mutagenic and teratogenic effects.

In the animd production industry, because thereis rapid turnover of animals, the first two groups of
effects are of grester concern than the carcinogenic and mutagenic effects which are longer-term
chronic effects. The effects of aflatoxins on the rate of growth and on the feed- converson efficiency
of beef cattle are complex as demonstrated by Keyl and Norred (1979) in the following results they
report from a US study:
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Aflatoxins Without Aflatoxin Aflatoxin Aflatoxin Aflatoxin

affect the aflatoxinsin level level level level
following feed 100 ppb 300 ppb 700 ppb 1000 ppb
variable

Feed/ weight 5.7 6.1 6.3 6.5 6.6
ganraio

The study focused on young animas. The negative effects of aflatoxins are clear and one directiond
as the levd of aflatoxins increase. However Keyl and Norred (1979) report results from another
study involving older animas with weights of 700 pounds a the start of the experiment. The effects
of aflatoxicoss in older animds was nontlinear.  In the experiment 15 animds (the control)
consumed aflatoxin-free feedstuffs and another 15 anima's consumed feed containing 700 ppb of
alatoxins. In the first 30 days of the experiment aflatoxicods led to a reduction in weight gain.
After another 30 days (thet is, by day 60), the trend had reversed and there was no datigticaly
ggnificant difference between the average daily weight gain of animasin the control group and those
in the group feeding on aflatoxin-contaminated feed.

244 Cow milk

Patterson and Roberts (1977) lig the following effects of aflatoxicoss in the dairy industry: loss of
condition or general maaise of dairy cattle, drop in milk yidds, falure of cavesto thrive, scouring (a
kind of diarrhoeain cattle) with or without haemorrhage, failure of cows to conceive and secondary
aflatoxicoss - the trandfer of toxins, particularly aflatoxin M;, from dairy cettle to people. In the
context of dairy caves, Neathery et a. (1980) observed non-linear relaionships between the
average daily weight gain over time in the presence of alatoxins in diet. In an experiment lasing
three weeks the following changes were observed.

Time Average daily body weight ~ Average daily body weight
changes without aflatoxins  changes with 0.093 mg/kg of
in feed (kg/day) aflatoxins in feed (kg/day)
Week 1 0.714 0.535
Week 2 0.952 -0.292
Week 3 0.996 0.276
Average over 3 weeks 0.887 0.173

Table 3 summarises consarvative estimates reported in the literature on aflatoxicods in livestock.
The estimates of economic codts in the livestock sector will depend on the parameter valuesin Table
3.

2.5 International tradeimplications of aflatoxins
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Many countries have aflatoxin regulations that redtrict internationd trade in food and feed with
unacceptable levels of aflatoxin contamination (see Appendix B). On the other hand, unrestricted
internationa trade is possible with respect to produce which contain internationally acceptable levels
of aflatoxins,

There is exterdve literature on the economics of protection in internationa trade dedling with various
aspects of the two traditiona gpproachesto protection:

pure quotas - quantitative restrictions soecifying the maximum amount of a commodity a
country can export to another country; and

tariffs - taxes on imports or exports.

For example, using results from Anderson and Neary (1992), it is possible to define shadow prices
for aflatoxin regulaions and estimate welfare cogts of these aflatoxin regulaions to the three
Southeast Asan countries (Indonesia, Philippines and Thailand).

Table 4 summarises the mgor implications of aflatoxin contamination of grains for trade in grains.
From Table 1 and Appendix B, the mgor implication is that 22% of Indonesian corn, 20% of corn
from Philippines and 29% of corn from Thailand would be unacceptable for export to a number of
maor export markets which enforce aflatoxin regulations. Similarly 45% of Indonesan peanuts,
22% of peanuts from Philippines and 25% of peanuts from Thailand would be unacceptable for
export to anumber of mgor export markets which enforce aflatoxin regulations.

While this paper notes that there are internationd trade implications of aflatoxin contamination of
maize and peanuts, it does not estimate the cost from loss of foreign markets which for these
commodities in these countries are not expected to be substantia at thistime.

3. EVALUATING THE IMPACTS OF FUNGI AND AFLATOXINS: MODELLING
ISSUES

3.1 A flow chart representation of theimpacts of aflatoxins

Figure 1 presents a schematic representation of the different impacts attributable to ingesting maize
and peanuts containing aflatoxin. At the farm:leve, outputs of maize and peanuts are homogeneous
products - that is before aflatoxins contaminate the products. Though Figure 1 does not show it, the
supply of maize and peanuts as food is treated separately from the supply of maize and peanuts as
feed.

During the postharvest stages, fungi and aflatoxins in peanuts and maize leed to at leest five impacts.
Figure 1 indicates the five most important impacts.

In Fgure 1, the firgt impact of fungi and aflatoxins is product spoilage. Some of the farm-leved
output does not reach the retall market due to the product spoilage effects of fungi and aflatoxins.
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The second impact in Figure 1 is that fungi and aflatoxins lead to quditative changes in maize and
peanuts. In the postharvest stages of maize, there are three types of maize, where the leve of
aflatoxin contamination is the bass for defining grades of produce. Smilaly there are



Table 4. Internationa trade implications of aflatoxins for maize and peanut products in Indonesia, Philippines and Thailand

Grain grades Micrograms of Per cent of output in Per cent of output in Comment
aflatoxin By +B, + G;  Indonesia, Philippinesand  Indonesia, Philippines and
+G, per kilogram of Thailand in the grade Thailand in the grade
product
Maze Peanuts
High qudity nykg £ 50 71% to 80% 55% to 78% Per cent of tota produce which satisfies aflatoxin

regulationsin Appendix B.

Medium 50 < ngkg £ 300 6% to 14% 6% to 14% Per cent of totd output in the medium qudlity grade.

quaity This output does not satisfy aflatoxin regulaionsin
Appendix B and so cannot be fredly internationdly
traded.

Low qudity ny/kg exceed 300 4% to 14% 11%to 33% Per cent of totd output in the low quality grade. This

output also does not satisfy aflatoxin regulaionsin
Appendix B and so cannot be fredly internationally
traded.
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Figure 1. A schematic representation of the impacts of fungi and aflatoxins
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three types of peanuts. The three grades are: high qudlity, corresponding to produce containing less
than 50 micrograms of aflatoxins per kilogram of produce, medium quality, corresponding to
produce containing between 50 and 300 micrograms of aflatoxins, and low qudity, produce
containing more than 300 micrograms of aflatoxins per kilogram of produce. The quantity of
aflatoxins in a grain is thus treated as a characterigtic of a grain and used to define the grades of
maize and peanuts. Thisis a specid case of the characterigtics gpproach (Lancaster (1966), Ladd
and Suvannunt (1976), Lubulwa (1983, 1989), and Unnevehr (1986)).

Ingestion of maize and peanut containing aflatoxins over long periods leads to loss of life due to
primary liver cancer. This is the third impact of fungi and aflatoxins in Figure 1. A reduction in
aflatoxin contamination of maize and peanutsis likely to lead to areduction in the number of primary
liver cancer cases as households consume less of the produce containing aflatoxins in excess of 50
micrograms per kilogram of product.

The fourth category of impacts takes into account the livestock health and productivity impacts of
fungi and aflatoxins in the livestock sectors. Table 3 indicated that farmers that use feed containing
aflatoxins incur two main losses. Firg, livestock feeding on aflatoxin-contaminated feedstuffs have
higher mortdity rates than livestock feeding on high quaity feed. Second, livestock feeding on
aflatoxin-contaminated feedstuff are inefficient in their utilisation of feed.

The remaining part of this section discusses the estimation of the cogts arising from these impacts of
fungi and aflatoxins. There are different gpproaches to the estimation of the cods of fungi and
aflatoxins. These gpproaches are briefly reviewed and one of them is selected for use in this paper.

3.2  An overview of economic models which can be used in estimating the social cost of
aflatoxins

Possible approaches to the estimation of the socia codts of aflatoxins include the following:
agenerd equilibrium gpproach that modes impacts of aflatoxins in the whole economy;
amulti-sector modd which modeds impacts of aflatoxinsin the industries most affected; and
aset of separate Single sector or single industry partia equilibrium models.

The information requirements of each of these gpproaches is different, with the first gpproach being
the most demanding, and the last gpproach requiring the least amount of information.

3.2.1 A generd equilibrium gpproach that modelsimpacts of aflatoxinsin the whole economy

This approach recognises the economy-wide implications of aflatoxins. Lower margind productivity
of labour in the production functions reflects the increased morbidity, the immunosuppressive and
other human hedth effects of aflatoxins. Smilarly cost functions in the livestock sectors reflect the
higher cogts of production associated with aflatoxin contamination of feed. On the demand side it
would be possble to modd the changes in product qudity due to aflatoxins. This type of modd
would aso capture the implications of removal of aflatoxin contaminationin one feed for other feeds.
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Removd of aflatoxins then leads to changes in prices and quantities of al products and factor inputs
which have a direct or indirect linkage to sectors where aflatoxin contamination occurs. A
comparison of the welfare before and the welfare after the remova of aflatoxins generates a
measure of the socid cost of fungi and aflatoxins. Just et d. (1982) discuss the economic theory of
welfare measurements in a generd equilibrium context. However, this gpproach requires a
consderable amount of information. For example, it may require a computable genera equilibrium
modd of the whole economy.

3.2.2 A multi-sector model which modes impacts of aflatoxinsin the industries most affected

Thisis aspecid case of the generd equilibrium gpproach. The andys's focuses on a few important
sectors and dl the other sectors in the economy are treated as one sector producing a composite
commodity. A mode by Martin and Alston (1993) fdlsin this category.

3.2.3 A st of sparate Sngle sector or angle industry partia equilibrium modds

This approach uses a set of angle industry or sector partid equilibrium modes. The socid codts of
aflatoxins are estimated for each industry or sector separately, then the costs in the separate
industries or sectors are added to give the total cost of aflatoxins. The estimates of socid costs
under this gpproach approximate the estimates under the genera equilibrium gpproach according to
Just et d. (1982) who conclude that:

‘Reather comprehensve gpplied welfare andyss is possble.  Depending on empiricd
conditions, dl of the private social welfare effects of a proposed new or dtered government
policy can be measured completely, at least in an gpproximate sense, in a Sngle market,
which is thereby distorted or in which a digortion is dtered. If the policy introduces or
dters severd digtortions, approximate measurement of dl private effects is possble by
consdering the changes sequentidly in the respective markets they affect directly.’

This is the approach adopted in this paper and estimates the socia cost of aflatoxinsin the following
mgor segments.

To estimate the socid costs of the product spoilage effects of aflatoxins (impact 1 in Figure
1) in the maize and peanuts food sectors a product wastage economic mode is used. Fungi
and aflatoxins affect both the food and feed sectors and o the tota output of maize and
peanutsis the basis for estimating the cost of product spoilage effects.

The socid costs of qudity changes in products due to aflatoxins (impact 2 in Figure 1) are
reflected in the cogts of human hedth effects and the livestock productivity impacts of
aflatoxins,

The cogt of the human hedth effects (impact 3 in Figure 1) of consuming aflatoxin-
contaminated maize and peanuts is equd to the monetary vaue of productive capacity lost
due to premature degth and increased morbidity from primary liver cancer attributable to the
ingestion of aflatoxin-contaminated maize and peanuts. Only that part of maize and peanut
output used asfood isrelevant in estimating costs of human hedlth effects of aflatoxins.
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The socid cost of aflatoxins in the livestock sectors (impact 4 in Figure 1) is equd to the
increase in the cogt of producing livestock as a result of using aflatoxin-contaminated feed.
Only that part of maize and peanut output used as feed is relevant in estimating the livestock
productivity impacts of aflatoxins.

The costs due to regtrictions on trade in aflatoxin-contaminated products (impact 5 in Figure
1) are not estimated.

The presence of fungi and aflatoxins in products leads to quality changes in those products. With
respect to the andysis of the impacts of qudity change, this paper takes heed of Alston (1990) who
notes that:

‘The gpproach most commonly used in the literature is to introduce an ad hoc shift in
demand for the product induced by changes in qudity. Technica change that leads to a
change in product qudlity is a change in supply conditions not demand conditions and it
would be better to modd it as such.’

The remaining part of this paper provides more detail on how the socid costs were estimated.
4. EVALUATING THE IMPACTS OF FUNGI AND AFLATOXINS : THE
ECONOMIC MODELS

41 A modd to evaluate the social costs of the product spoilage effects of fungi and
aflatoxins

The annua cost of the product wastage effects of fungi and aflatoxins is equd to the annud
economic surplus that households and producers forego in Indonesia, Philippines and Thailand as a
result of product spoilage effects of fungi and aflatoxins. This estimate depends on the vaues of the
own price demand and supply dadticities, the postharvest costs with and without aflatoxins, and the
reduction in spoilage rates assumed.

For grain sector h, where h = maize, peanuts, the total annua economic surplus foregone in the
sector, DES,,, isgiven by:

DES, = DPS, +DCS, (1)

DCS, isthe annua economic surplus households forego, and DPS, isthe annua economic surplus
producers of agrain forego as aresult of aflatoxin-related product spoilage.

DCS, = ®rh - Py mm +0.597, - Prhv][thl - thu )

DPSn = @fh - Pfh Iafh +0'5&flh - Pfh][th' - th ]J (3)
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where:

P.,Q, are the equilibrium retail price and the retail quantity of grain h after the removal
of aflaoxins

P, Qu are the retail price and quantity of grain h before the remova of aflatoxins from
thegran

P’ isthe farmgate price of grain h after the remova of aflatoxins

Ps, isthe farmgate price of grain h before the remova of aflatoxins respectively

th' isthe farm-leve output of grain h after the removd of aflatoxins

Qs isthe farm-leve output of grain h before the remova of aflatoxins respectively.

The modd assumes a linear farm-leve supply function. Similarly the retail demand function islineear.
Thismode usesthe following parameters.

a isthe intercept of the supply function of grain h

b, is the dope of the supply function of grain h

(o isthe intercept of the demand function of grain h

d, isthe dope of the demand function of grain h

d, is congtant representing poilage rate of grain h before the remova of aflatoxins
d,+d, is equa to zero and is the spoilage rate of grain h after the remova of aflatoxins
M, is the postharvest cost of grain h

M isthe change in the postharvest cost of grain h after the removal of aflatoxins.

Expressing P, ", Prh', Q,h' and Q,h' as functions of the prices, quantities and supply and demand
parameters before the remova of aflatoxins gives the following equations:

B kb
= [ a i o

R‘hI:Q+dhlgh'_ mlh-l-mlhs ®)

P = Ch"'bh[d-."'dh;@lh"' mmgahm +dh1£
" bhlan’fdmg““dh

_cb k) +d, G b,d,10,+d, P, +m, G 2,13, +d,,

b, Bﬂ +dh1g+dh

(6)

(")

th '

A derivation of these equationsisin Davis and Lubulwa (1994). In equations (1) to (7) the product
wastage economic model distinguishes between farm-leve output and retall output for maize and
peanuts. This modd recognises that some of the farm-level output of maize and peanut does not
reach the retall market due to the spoilage effects of fungi and aflatoxins. The product spoilage
effects of fungi and aflatoxins mean that retail supply is lower and retail prices may be higher than
they would be without the spoilage effects.
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Pitt and Hocking (persona communication, January 1994) estimated that d is 0.05, that is, about
5% of the farm supply of maize and peanuts in Indonesia, Philippines and Thailand is spoilt as a
result of fungd attack and aflatoxin contamination. The removd of aflatoxins meansthat d+d.,, is
equa to zero. International Food Policy Research Ingtitute (1993) estimated postharvest costs for
corn in Indonesia to include $A21 per metric ton in transport costs, $A9 per metric ton in handling
cogts and $A 13 per metric ton of other costs. Thus M, the postharvest cost for grain is about $A43
per metric ton of grain.

The estimates of g, b, ¢ and d, the supply and demand function parameters, depend on demand and
supply own price eladticities. Estimates of own price supply dadticity for maize range from 0.35
(Gardiner et a. (1989)) to 0.61 (Carambas (1993)). Smilaly the esdimates of the own price
eadticity of supply for peanuts range from 0.3 (ACIAR Economic Evauation Unit Database) to
0.37 (Gardiner et d. (1989)). In this paper the own price supply dasticity of maizeis 0.61 and that
for peanuts is 0.37. In addition this paper uses the own price demand eadticity of maize of -0.5
(ACIAR Economic Evauation Unit Database) and an own price dadticity of peanut -0.8 (Parton
and Piggot (1987)).

4.2  Evaluating the costs of the human health effects of aflatoxins

There are two main approaches to the study of disease in a community. One gpproach estimates
disahility-adjusted life years lost due to premature death and increased morbidity. Examples of this
goproach include World Bank (1993). The am in computing life years logt is to give some
impression of the nature and degree of ill hedth in a community. This approach does not generdly
produce a monetary cost of disease. A second approach estimates the monetary cost of disease.
Examples of this approach include Crowley et d. (1992). This paper uses the second approach
because it generates a meaningful, though partia, monetary measure of the cost of disease. It is
partid because it does not cover al impacts of disease. For example, it does not incorporate the
effects of disease on qudity of life or human suffering, for which satisfactory measures are sill being
developed (Crowley et al. (1992)).

Disease leads to the following categories of cost (see Crowley et . (1992)):

the cost of mortality which relates to the cost of productive capacity lost when people die
prior to reaching the end of their productive life;

the cost of morbidity which relates to vaue of production loss resulting from hospitaisation
and the cogt of hedlth care sarvices consumed when an individua issck;

the cogts incurred by governments and hospitals in the provison of medica services for
individuds suffering from primary liver cancer; and

the cogt of intangibles - pain, suffering, anxiety and reduction in qudity of life.

In this paper, the cogt of the human hedth effects of fungi and &flatoxins include only the firg two
categories of the cogt of primary liver cancer. The estimation of the codts in the third category
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requires data on the number and lengths of visits made by primary liver cancer patients to hospitals,
medica centres and medicd fadilities, the type of medica personnd that attended them, the drugs
and other pharmaceutical products prescribed and whether they were hospitalised or not. This
category was excluded mainly because the data needed to enable their estimation is not available,
The last category was excluded because at this time, there are no satisfactory monetary measures of
the intangible cost of disease.

Determining the vaue of life can be controversgd. On one extreme is the assumption that the value
of anindividud lifeisinfinite. This assumption, however, isnot hepful (BTCE (1993)). This paper
assumes that human life has a finite value. There are two main methods for determining the finite
vaue of life (Crowley et d. (1992)):

the human capitd approach; and
the willingness to pay.

The human capitd method equates the vadue of life with the present vaue of expected future
earnings. The willingness to pay method uses contingency vauation surveys to ask people how
much they would be willing to pay to avoid different levels and types of risks. The willingness to pay
gpproach is ingppropriate when people surveyed cannot perceive the risk whose cost they are
asked to assess. In the case of aflatoxin-related primary liver cancer deethsin the Southeast Adan
region it is not clear that people consuming afl atoxin-contaminated maize and peanuts redise the risk
they face from aflatoxin-related primary liver cancer. This paper uses the human capita gpproach to
estimate the cogt of life.

4.2.1 Edimating the cost of premature death due to aflatoxin-related primary liver cancer

The cost, DES'H ;» Of premature deeth from consuming aflatoxin-contaminated grain j, is equd to

the economic surplus foregone by households (sector H) as a result of consuming aflatoxin-
contaminated grains and is given by equation (8):

o]
DESH; =4, @ ngingI (8)
where:
Diig is the number of people dying of primary liver cancer prematurely a age g due
to the consumption of grain j of gradei
L, isthe unit cost of alife of someone dying prematurely a age g
[ = (high qudity, medium qudity, low qudity)
] = (maize, peanuts).

The unit cogt of life for a person dying a age g is estimated using the functions in equations (9) to
(11) which define the present value of an annuity:
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p = GNF/12
(10)

Y =12l c(
(11)

p is an edtimate of the monthly wage

GNP isthe nation's Gross Nationa Product

X isthe interest rate per month

Y Isthe number of months of life lost due to premature death
W is the country's average life expectancy measured in years
C isthe age at degth due to primary liver cancer.

The number of people dying of aflatoxin-reated primary liver cancer a age g is given by the
following equation:

D,, = @,[C; - A]N; /100,000 (12)
where:

E is the percentage of the population dying of cancer a age g as estimated by World Bank

(1993)
C. is the edtimated incidence of primary liver cancer atributable to the consumption of

aflaoxin-contaminated grain j of gradei
A is the background risk of primary liver cancer per 100 000 of population
N.  isthe number of people exposed to aflatoxinsfrom grainj of gradei.

The incidence of primary liver cancer attributable to the consumption of aflatoxin-contaminated grain
j of gradei isgiven by the following equation:

C,=A+BZ, (13)
where:

Z. is the dose of aflatoxins measured as nanograms of aflatoxins per kilogram body weight per

ji
day attributable to the consumption of grain j of gradei. Kuiper-Goodman (1991) reports
that on the basis of ecologica studies in Kenya, Swaziland, Thailand, and Mozambique, the
vaues of A and B in egquation (13) are 2.2 and 0.106, respectively, for maes and femaes
combined.

The estimates of aflatoxin dosage are given by the following equetion:



z,=[r, @ a@Fq, | dwr,l (14)
where:

r. isthe proportion of grain j used as food

a, is the proportion of grain j consumed fresh (about 18% of total output of maize and peanuts
according to Rosegrant et al. (1987)

isthe proportion of grainj whichisof gradei

is the average quantity of &flatoxin B, B,, G, and G, inakilogram of grainj of gradei. Q;,
isthe retall quantity of grain |

N.  isthennumber of people exposed to aflatoxins from grain j

W is the average body weight of individuas exposed to aflatoxins. The average body weight is

about 50 kilograms (see Haddad and Bouis 1991)
R. is the number of days in a year when individuds are exposed to aflatoxins from grain j of

gradei.
Table 5 summarises the estimates of the incidence of primary liver cancer per 100 000 of population
in Indonesia, Philippines and Thailand.

The age didribution of disability-adjusted life years lost due to non communicable diseases
estimated by World Bank (1993) makes it possible to disaggregate by age the number of primary
liver cancer cases. Thisdistribution, which is Eyin equation (10) is as follows:

Age at death group Proportion of primary liver cancer cases
in age category, (E)

0-4 0.203
5-14 0.112
15- 44 0.271
45 - 59 0.200
60 + 0.214
Totd 1.000
Source: Derived from World Bank (1993)

The mid-poaints of the age groupsin the age distribution of primary liver cancer gives estimates of the
age at death for individuas in the different age a death groups. The Far Eastern Economic Review
(19949) reported the average life expectancy, in 1991, in Indonesia, Philippines and Thailand to be
60 years, 65 years and 69 years respectively. The difference between the nationd average life
expectancy and the age a deeth of primary liver cancer patients gives an estimate of the number of
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productive life years lost. The Far Eastern Economic Review (1993) dso reported that the 1991
per capita gross nationa product was US$610, US$730, US$H1 570 for Indonesia, Philippines and
Thailand respectively.
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Table5. Theincidence of cancer, estimates of the number of primary liver cancer cases due to

aflatoxins in maize and peanuts and related datac Indonesia, Philippines and Thailand

Maize-
high
quality

Maize
medium
quality

Maize-
low
quality

Peanut
high
quality

Peanut
medium
quality

Peanut
low
quality

Total

Indonesia

Per capita consumption of
aflatoxins per day by
source in nanograms
(Z;W)

Aflatoxin dosagein
nanograms per kg body
weight per day (Zji)
Incidence of liver cancer
/100000 of population by
source of aflatoxin (G)
Primary liver cancer
deaths (Dji)"J1

Philippines

Per capita consumption of
aflatoxins per day by
source in nanograms
(Z;W)

Aflatoxin dosagein
nanograms per kg body
weight per day (Zji)
Incidence of liver cancer
/100000 of population by
source of aflatoxin (Cji)
Primary liver cancer
deaths (Dji)b

Thailand

Per capita consumption of
aflatoxins per day by
source in nanograms
(Z;W)

Aflatoxin dosagein
nanograms per kg body
weight per day (Zji)
Incidence of liver cancer
/100000 of population by
source of aflatoxin (Cj )
Primary liver cancer
deaths (Dji)C

108

0.23
426

57

0.12
76

0.05

0.01

1739

35

3.69
6889

700

14

1.48
933

40

0.79

0.08
48

1436

29

3.04
5686

1114

22

2.36
1486

137

274

0.29
166

14

0.28

0.03
55

0.04

0.004

0.14

0.02

213

0.45

10

0.20

0.02
13

94

1.88

0.20
114

2173

4.61
8609

99

0.21
132

274

5.48

0.58
332

5683

114

12.05
22509

1982

40

4.20
2642

554

11.08

117
672

Notes:

a  Estimated using the equation by Kuiper-Goodman (1991) and assuming that Indonesia's population, in 1991, was about 187

million.

b:  Estimated using the equation by Kuiper-Goodman (1991) and assuming that Philippines' population, in 1991, was about 63
million. The total incidence per 100 000 population of malignant neoplasm in the Philippinesis 35.5 (National Statistical



Coordination Board, The Republic of Philippines, 1991). Thus the estimated incidence of primary liver cancer due to
aflatoxin in maize and peanuts is about 12% of the total incidence of malignant neoplasm in Philippines.

c.  Estimated using the equation by Kuiper-Goodman (1991) and assuming that Thailand's population, in 1991, was about 57
million. The total incidence per 100 000 population of malignant neoplasm in the Thailand is 20.2 (National Statistical
Office, Thailand (1992). Thus the estimated incidence of primary liver cancer due to aflatoxin in maize and peanuts is about
6% of the incidence of malignant neoplasm in Thailand.

Using this data and equation (9) leads to the following unit cogts of life:

Age group Unit cost of life, Ly ($A)
Indonesia Philippines Thaland
0-4 1528 1886 4144
5-14 11 389 14 302 31687
15-44 13528 17 220 38 449
45 - 59 6 162 9891 24729

Table 10 summarises the costs of premature degth in Indonesia, Philippines and Thailand estimated
using equations (8) to (12).

4.2.2 Edimaing the cogt of disability due to aflatoxin-related primary liver cancer

Equations (8) to (12) estimate the monetary vaue to premature deaths arising from the consumption
of aflaoxin-contaminated maize and peanuts. World Bank (1993) estimated that in the Other Asa
and Idands region (includes Indonesia, Philippines and Thailand), for 113 million disability-adjusted
life years lost due to premature degth, there are 63.7 million disability-adjusted life yearslost dueto
disability and morbidity. Thusthe ratio of disgbility related life years lost to premature deeth related
life years logt is equa to 0.56. Using this ratio and the cost of premature deaths due to aflatoxins
yields an edimate of the cost of morbidity, DES®y;, atributable to the consumption of aflatoxin-
contaminated gran h.
DES?}; isgiven by the following equation:

DES?y = 0.56(@ESY | (15)

where:

DES'y; is the economic surplus foregone due to premature deeth from aflatoxin-related primary
liver cancer.

4.3  Evaluating thelivestock health and productivity impacts of aflatoxins

The livestock hedlth and productivity cost of aflatoxinsis equa to the welfare gains to producers and
consumers of livestock as a result of removing aflatoxins in maize and peanut feed. For each grade



i, of maize or peanut feed, the socid cogt of aflatoxins in a livestock sector h is estimated by the
following equation:

DES,, = Ky Vo + € 5* Voo ko £+ B B s ( (16)

oijh



is the absolute change in the unit cost of livestock h fed on grain feed | of qudity i asaresult

of usang aflatoxin-free feed ingead of aflatoxin-contaminated feed
isthe ‘with aflatoxin’ level of livestock output h from grain feed j of gradei

\Y

e is the own price dadticity of supply of alivestock product
S is the own price dadticity of demand of alivestock product
P,  isthepriceof thelivestock product h.

The output of livestock h before the removad of aflatoxinsis given by:
Voijh:qjh*@- ajl*bji*er/rnjih (17)
where:

o] is the proportion of grain j used asfeed in livestock sector h
a, is the proportion of grain feed j consumed fresh (about 18% of tota output of maize and

peanuts according to Rosegrant et al. 1987)
b. isthe proportion of grain j whichisof gradei
Q,  Iistheretal quantity of grain |
is the feed to weight conversion ratio for feed j and gradei in livestock sector h.

The cogt of &flatoxin-contaminated grain feed j of gradei used to produce V; isequd to:

Tm=d,* @ a kb *Q P, (18)

ojih —

The cost of feed per metric ton of livestock h when feed is contaminated with aflatoxinsis given by
equation (19):

g9° :Tojih/Voijh
(19)

Thelivestock output when livestock producers use feed without aflatoxinsis given by equation (20):
V”jh:[qjh*m aj|* bji*Qj,/m*]*@tijh| (20)
where:

n,* isthefeed toweght converson rétio for livestock h when feedstuffs do not contain

alaoxins
tin isthe reduction in mortality ratesin livestock sector h attributable to a change from feed j of

quality i to aflatoxin free feed.



The cost of feed per metric ton when feed is aflatoxin free is given by equation (21):

g =T

ojih

'V, (22)
Theedimateof k;;,, isgiven by equation (22):
Kin=9"- g (22

These edtimates are given in Tables 6, 7 and 8 for poultry, the hen eggs and pig mest sectors. Table
9 gives the livestock prices and dadticities used in the estimation of the socid codts of aflatoxins in
the livestock sector.

Substituting the estimates of k;, in Tables 6, 7 and 8 into equation (16) for the different grades of

feed gives the socid cost of using the different grades of feed in livestock sector h. These costs are
summarised in Table 10. Egtimates of the cost of the product wastage effects of fungi based on
equations (1) to (7) aredso given in Table 10.

4.3.1 Besf catle, dairy cattle and goats

The andlysis does not include beef cattle, dairy cattle and goats among livestock that are susceptible
to maze- and peanut-reated aflatoxin contamination in Indonesia, Philippines and Thailand.
Livestock producers in these countries do not use maize and peanut feed in the production of besf,
cow milk and goat meet. Defining primary feedstuffs as ingredients that form 70 to 80% of a
feeding system Devendra (1990) provides the following information on primary feedstuffs in these
sectors.

Livestock Indonesia Philippines Thailand

Beef cattle, dairy

cattle and goats

Primary feedduff ~ Cassavaleaves Cassava leaves Cassava leaves
Cassava pomace Cassava pomace Cassava pomace
Maize stover Maize stover Rice bran
Rice straw Rice straw Rice straw
Rice bran Rice bran Sugarcane tops and
baggasse

4.4  Estimates of the social costs of fungi and aflatoxins

Table 10 summarises the socid codts of aflatoxins in maize and peanuts in Indonesia, Philippines and
Thailand. Thetotad annud cog, in Indonesia, Philippines and Thailand, due to aflatoxinsin maize in



37

1991 was about $A319 million. Indonesiaincurred 62% of this cogt, Philippines 27% and Thailand
incurred 11% of the cost. The totd annud cost of aflatoxins in peanuts in 1991 was about $A158
million - Indonesiaincurred 84% of this cost, Thailand incurred 13% and Philippines 3% of the cogt.



Table 6. Indonesa the differencesin estimated livestock output and costs of maize and peanut feedstuffs under the ‘with aflatoxin' and 'without aflatoxin'

scenarios
High qudity Medium quality Low qudlity High qudity Medium quality Low qudlity
maze maze maze peanut peanut peanut

Poultry mest output (metric tons)

With aflatoxin (V ijn) 143 354 28 127 5610 3449 642 1579
Without aflatoxins 143 354 33082 7351 3449 752 2069
Including deeth rates (V yjip,) 143 354 34074 7719 3449 775 2173
Cogt of feed (T;i,)('000, $A) $93 132 $21 492 $4 776 $7 472 $1 630 $4 483
Change in unit cost (Kjj)-$A $0 -$131 -$233 $0 $437 -$776
Hen eggs output (metric tons)

With aflatoxin (V ijn) 113716 25710 5545 2792 579 1592
Without aflatoxins 113716 26 242 5832 2792 609 1675
Including deeth rates (V yjip,) 113716 27 030 6 123 2792 627 1759
Cogt of feed (T;i,)('000, $A) $73 877 $17 048 $3 788 $6 049 $1 319 $3 629
Change in unit cost (Kjj)-$A $0 -$32 -$65 $0 -$108 -$215
Pig mest output (metric tons)

With aflatoxin (tons) 98 933 22 831 2029 2381 520 572
Without aflatoxins 98 933 22 831 5074 2381 520 1429
Including deeth rates (V yjip,) 98 933 22 831 6 418 2381 520 1807

Cost of feed (Toi1) (000, $A) $53 192 $12 275 $2 727 $4 270 $931 $2 562
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Change in unit cost (kijh)'$A $0 $0 $919 $0 $0 -$3 066




Table7. Philippines The differencesin estimated livestock output and costs of maize and peanut feedstuffs under the ‘with aflatoxin’ and ‘without
aflatoxin’ scenarios

High qudity Medium quality Low qudlity High qudity Medium quality Low qudlity

maze maze maze peanut peanut peanut

Poultry mest output (metric tons)

With aflatoxin (V gjh) 203 130 30320 11 627 371 24 58
Without aflatoxins 203 130 35548 15235 371 29 76
Including desth rates (V 4;jp,) 203 130 36 614 15997 371 294 80
Cost of feed (T ;i) ('000, $A) $183 433 $32 100 $13 757 $802 $61 $164
Change in unit cost (Kjj)-$A $0 -$182 -$323 $0 $437 -$776
Hen eggs output (metric tons)

With aflatoxin (V gjh) 177 739 30474 12 675 324 24 63
Without aflatoxins 177 739 31104 13 330 324 25 67
Including desth rates (V 4;ip) 177 739 32037 13997 324 26 70
Cost of feed (T,;,)('000, $A) $160 504 $28 088 $12 037 $702 $54 $144
Change in unit cost (Kjj)-$A $0 -$45 -$90 $0 -$108 -$215
Pig mest output (metric tons)

With &flatoxin (tons) 562 487 98 435 16 875 1026 79 84
Without aflatoxins 562 487 98 435 42 187 1026 79 210
Including desth rates (V y;ip) 562 487 98 435 53 366 1026 79 266

Cost of feed (Toi1) (000, $A) $420 368 $73 564 $31 527 $1839 $141 $377
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Change:in unit cogt (Kijy)-$A $0 $0 -$1 278 $0 $0 -$3 066




Table 8. Thaland: The differencesin estimated livestock output and costs of maize and peanut feedstuffs under the ‘with aflatoxin’ and ‘without aflatoxin'

scenarios
High qudity Medium quality Low qudlity High qudity Medium quality Low qudlity
maze maze maze peanut peanut peanut

Poultry mest output (metric tons)

With aflatoxin (V ijn) 267 320 48 171 40 227 3422 545 58
Without aflatoxins 267 320 56 476 52711 3422 639 76
Including deeth rates (V yjip,) 267 320 58 170 55 342 3422 658 80
Cogt of feed (T;i,)('000, $A) $146 739 $31 001 $28 934 $7 415 $1 384 $164
Change in unit cost (Kjj)-$A $0 -$111 -$196 $0 -$437 -$776
Hen eggs output (metric tons)

With aflatoxin (V ijn) 178 213 36 888 33412 2 247 411 313
Without aflatoxins 178 213 37 651 35141 2 247 419 330
Including deeth rates (V yjip,) 178 213 38 780 36 898 2 247 432 346
Cogt of feed (T;i,)('000, $A) $97 826 $20 667 $19 289 $4 868 $908 $714
Change in unit cost (Kjj)-$A $0 -$27 -$55 $0 -$108 -$215
Pig mest output (metric tons)

With aflatoxin (tons) 146 824 31019 11 580 1921 359 113
Without aflatoxins 146 824 31019 28 951 1921 359 282
Including deeth rates (V yjip,) 146 824 31019 36 623 1921 359 356

Cost of feed (Ti)(000, $A) $66 699 $14 091 $13 152 $3 445 $643 $505



Change:in unit cogt (Kijy)-$A $0 $0 -$777 $0 $0 -$3 066




Table 9. Pricesand own price dadticity vaues for livestock in Indonesia, Philippines and Thailand

Vaidble Units Vdue

Poultry mest

Price of poultry meat World price $A/Metric ton 9734

Supply elasticity 0.5D

Demand dadticity -1.3¢
Hen eggs

Price of hen eggs World price $A/Metric ton 1141a

Supply elasticity 0.35d

Demand eadticity -1.3¢
Pig mesat

Price of pig meat World price $A/Metric ton 15374

Supply elasticity 0.45b

Demand dadticity -1.1¢
Sources:

a FAO (1992)
b Gardiner et a.(1989))
c Bouis(1984)

d Henneberry (1986, Appendix VI - Own-price supply dadticity, Asan and African countries)



Table 10. Edimate of the annud socid codts of fungi and aflatoxins in Indonesia, Philippines and Thailand (Million $A, 1991)

Sector and impact of Parameters used in Indonesia Indonesia Philippines Philippines Thailand Thailand Total for three countries Total Maize
aflatoxins estimation of welfare change Maize Peanuts Maize Peanuts Maize Peanuts Maize Peanuts and Peanuts
Maize and Peanut
sectors
Product spoilage Change in wastage rates and 58.0 321 125 1.0 04 37 70.9 36.8 107.7
effects postharvest costs
Household sector
Human health effects The cost of life dueto 84.3 61.6 235 14 4.9 10.2 112.7 732 185.9
premature death from
primary liver cancer
Human health effects The cost of disability and 477 34.9 133 0.8 2.8 5.8 63.8 415 105.3
morbidity due to aflatoxin-
related primary liver cancer
Poultry sector
Increased mortality Reduction in unit cost of 5.2 18 9.9 0 13.8 0.6 28.9 25 314
rates and reduced feed  production
to weight gain
conversion efficiency
Hen eggs sector
Increased mortality Reduction in unit cost of 12 04 25 0 29 0.1 6.6 0.6 7.2
rates and reduced feed  production
to weight gain
conversion efficiency
Pig meat sector
Increased mortality Reduction in unit cost of 21 2.3 244 0.3 9.7 0.5 36.2 31 39.3
rates and reduced feed  production
to weight gain
conversion efficiency
Country total 198.5 133.1 86.2 35 34.4 20.9 319.1 157.7 476.9
Country total asa 62% 84% 27% 2% 11% 11% 100% 100%

per cent of the total
for 3 countries
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The annud cog, in Indonesia, Philippines and Thailand of premature desth and increased morbidity
due to the incidence of aflatoxin-related primary liver cancer was $A291 million. Thiswas followed
by the annua cost of $A108 million due to the product poilage effects of fungi and aflatoxinsin the
maize and peanut sectorsin the three countries. The annud cost of livestock productivity impacts of
fungi and aflatoxins in 1991 was about $A77 million.

Amongst the livestock sectors, the pig meat sector incurred the highest cost - over
$A39 million, followed by the poultry (chicken and duck) sector which incurred an annud cost of $
A31 million and the hen eggs sector which incurred an annua cost of $A7 million.

S. CONCLUSION

This paper has discussad five important impacts of fungi and aflatoxins in maize and peanuts. It has
suggested away to estimate the annua socid costs of these impacts and Table 10 summarises these
costs. In the estimation of costs in the food and feed sectors, the two sectors have been andysed
separately. Thiswas to ensure that there is no double counting of benefits between the two sectors.

The costs of human hedlth and livestock productivity effects are dependent on the data in Table 1.
These data are the best available data on aflatoxin contamination in maize and peanuts which are
aso consstent across the three countries (Indonesia, Philippines and Thailand).

The cogt of human hedth effects does not include the additional cogts that countries incur in order to
provide for hospital and medica services to those suffering from primary liver cancer. Nether does
it cover the cost of intangibles (pain and suffering, anxiety and reduction in qudity of life ) associated
with the incidence of primary liver cancer.

The paper assumes that the distribution of aflatoxins in maize and peanuts is the same for food as for
feed. If the digtribution of aflatoxins shows a higher percentage of food in the low qudity grade
compared to that for feed, then the cost in Table 10 will undergtate the human life cost and overdate
the livestock cogts, and vice versa

There is insufficient data on the joint occurrence, in food and feed, of aflatoxins with other
mycotoxins in the three countries. The paper assumes that maize and peanuts contain only
aflatoxins, or that if other mycotoxins are present they do not lead to synergidtic effects on the
incidence of cancer or on the feed utilisation efficiency of livestock. In those cases where maize and
peanuts contain other mycotoxins the cost estimates in Table 10 are lower than the true cost of
aflatoxins,

In concluson, the costsin Table 10 are likely to be on the lower bound of the tota cogts attributable
to fungi and aflatoxinsin maize and peanutsin Indonesia, Philippines and Thailand.



Appendix A. Fungi and commodities they affect

Commaodity

Field fungi

Spoilage fungi

Mycotoxigenic fungi

Cashews (Aflatoxin-high-risk)

Cassava and sweet potato

Copra (Aflatoxin-high risk)

Maize (Aflatoxin-high risk)

Peanuts (Aflatoxin-high risk)

Rice (Aflatoxin-high risk)

Sorghum

Soybeans

Cladosporium cladosporioides;
Nigrosporaoryzae

L asi odiplodia theobromae;
Nigrospora oryzae; Phoma sp.

Nigrosporaoryzae

Nigrosporaoryzae; Cuvularia pallescens; C. lunata; C. clavata;

L asiodiplodia theobromae; Bipolaris maydis, Arthrinium
phaeospermum; Rhizopas oryzae; Phomaherbarum; Rhizoctonia
solani

Cladosporium cladosporioides; Lasiodiplodia theobromae;
Pestal otiopsis guepinii

Bipolaris maydis; Fusarium semitectum; Cladosporium
cladosporioides; Nigrosporaoryzae; Curvularialunata; C.
genticulatus; C. oryzae; C. eragrostidis; C. pallescens; Phoma sp;
Colletotrichum sp.

Bipolaris maydis,; Fusarium semitectum; Cladosporium
cladosporioides; Nigrospora oryzae; Curvularialunata;
C.pallescens; Phoma sp; Setosphaeriarostrata

Arthrinium phaeospermum; Lasi odiplodia theobromae; Fusarium
semitectum; Cladosporium cladosporioides; Nigrospora oryzae;
Curvularialunata; C.pallescens; Phoma sp; Epicoccum nigrum;
Pestal otiopsis guepinii

Chaetomium spp

Chaetomium spp; A. tamarii

Aspergillus niger; Chaetomium spp;
Penicillium citrinumd;
P. funiculosum? ; A. wentii

Aspergillusniger; Penicillium
pinophilumA ; Chaetomium spp

Aspergillus niger; Eurotium chevalieri;
E. rubrum;
Chaetomium sp.

Aspergillusniger; A. wentii; A.
restrictus; A. penicillioides; Eurotium
rubrum; Eupen. cinnamopurpureum;
Chaetomium sp.

Aspergillus flavusA A

Aspergillus flavusA A

AspergillusflavusA A ; Fusarium
moniliformeAA; F. semitectum

Aspergillus flavusA A

Altenariapadwickii; A. alternata; A.
longissima

Aspergillus flavusA A ; Fusarium
moniliforme; Penicillium citrinum;
Alternarialongissima; A. alternata

Aspergillusflavus
Fusarium moniliforme
Penicillium citrinum
Alternariaaternata




Appendix A. (Cont'd) Fungi and commodities they affect

Commodity Field fungi Spoilage fungi Mycotoxigenic fungi
High sugar foods A. restrictus
(confectionery, dried fruits and Eurotium species
jams) A. candidus
Wallemia sebi

Xeromyces bisporus
Chrysosporium species
Eremascus species

Zygosaccharomyces rouxii
Dried meats and meat products A. restrictus
Eurotium species
A. candidus
Wallemia sebi
Animal products
(milk, cheese)
Dried seafood products Polypaecilum pisce

Basipetospora halophila
Aspergillus species
Eurotium species

A. wentii

Note: A denotesthat afungi iscommon in South East Asia
AA denotesthat the fungi isvery common in South East Asia
F. moniliforme isthe source of fumonisin, atoxin known to be responsible for severe diseases in some animals, and suspected (but not proven) to be involved in human
oesophageal cancer in parts of Chinaand southern Africa.

Sources: Champ et al. (Eds 1991)



Appendix B. Aflaoxin regulations

TableB.1 Aflaoxin limits (mg/kilogram) for selected commodities by magor (western) importing country (1991)

Country Aflatoxins All human  All baby Milk (c) Peanuts Nuts, seeds & Maizeand maize  Feedsfor dairy  Feedstuffsfor Feedstuff for beef
foods food cereds products & young cattle pigs & poultry cattle, sheep, goat
and pigs (e) (not young)
USA Aflatoxin 202 2028 0.58 202 202 202 2028 202 3002
B1+Bo+G1+Gy Aflatoxin M 1
Japan Aflatoxin By 100 100 Not specified 10P 100 100 100 200 200
Aflatoxin M 1
European Aflatoxin 5310302 52 Not specified 5310 508 1810 308 5810 502 10 20af 50af
Community B1+B,+G1+Go Aflatoxin M ¢ 1029 3029 5029
2002 d 2002 d 5a.h 102h 20&h
Belgium Aflatoxin By 52 52 0.1 52 52 52 5ah 102h 202h
Aflatoxin M 1
Denmark Aflatoxin NS NS Not specified 102 102 5a.h 1020 20ah
B1+Bo+G1+Gy Aflatoxin M 1
France Aflatoxin 0.22 012 5ah 102h 202h
B1+By+G1+Gy, 102 58 Aflatoxin M ¢ (nut pastes) 52 108
Germany Aflatoxin By NS NS 0.052 5 5al sah 102h 202h
Aflatoxin M ¢ 23 2%
Aflatoxin NS NS 108 108 sah 102h 202h
B1+By+G1+Go 4% 4]
Greece Aflatoxin By NS NS 1a 12 13 5ah 102h 202h
Aflatoxin NS NS Not specified 52 52 58 5a.h 1080 208h
B1+Bo+G1+Go Aflatoxin M 1
Ireland Aflatoxin B1 52 5ah 102h 202h
Aflatoxin Not specified sah 103h 202h
B1+By+G1+Gy, 302 Aflatoxin M q
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Italy Aflatoxin NS Not specified 5a.n 1020 20ah
Bl+Bz+G1+G2 Aflatoxin M 1 302 302 302




TableB.1 (Cont'd) Aflaoxin limits (ny/kilogram) for sdlected commodities by mgor (western) importing country (1991)

Country Aflatoxins All human  All baby Milk (c) Peanuts Nuts, seeds & Maize & maize Feeds for dairy Feedstuffs for Feedstuff for beef
foods food cereds products & young cattle pigs & poultry cattle, sheep, goat
and pigs (e) (not young)
Luxembourg  Aflatoxin By NS Not specified 58 5an 108N 202h
Aflatoxin M 1
Netherlands ~ Aflatoxin By 52 0.05 AMilk 502 5ah 102h 20ah
0.2 8Cheese
Aflatoxin M 1
Portugal Aflatoxin By 208 52 Not specified 258 5ah 108h 202h
Aflatoxin M 1
Spain Aflatoxin By 52 58 52 52 5ah 102h 20ah
Britain Aflatoxin Not specified 5ah 108h 202h
B1+By+G1+Gy, 102 Aflatoxin M ¢ 102 108 102
Notes

NS denotes that the aflatoxin limit is not specified. However, some countries rely instead on general food legislation that prohibits the introduction or receipt for commerce of food containing

substances injurious to health (Van Egmond (1991)).

a From Gilbert (1991).

O T

From Van Egmond (1991).
When dairy cattle are fed feedstuff containing aflatoxin B1, some of thistoxin is converted by the animal into aflatoxin M1 in milk. In some countries (eg UK) the absence of specific regulations for

aflatoxin M1 in milk is because of a belief that if the animal-feed regulations for aflatoxins are obeyed, then aflatoxin M1 should not be detectable in milk at alimit of detection of 0.05 ng/kg.
(See Gilbert (1991).)

— = >Q +~ 0o a

This limit appliesif the buyer is a European Community registered manufacturer.

The acceptable level of aflatoxins for dairy hasto be set at such alevel that it does not lead to detectable levels of aflatoxin M1 in milk products.
Thisisthe pre-1991 limit for complete feedstuffs. The pre-1984 limit for these feedstuffs was 20 micrograms per kilogram of product.
Thisisthe pre-1991 limit for complementary feeds.

This limit applies to both complete and complementary feedstuff since 1991.

Pre-1991 limits.

Limits from May 1991.



TableB.2 Aflaoxin limits (mg/kilogram) for selected commodities in Southeast Asia (1991)

Country Aflatoxins All human All baby food ~ Milk Peanuts Nuts, seeds& Maize & Complete Complete Complementary
foods cereds maize feedstuffsfor dairy  feedstuffsfor pigs feedstuffsfor
productS cattle & young & poultry cattle, sheep, goat
(cattle, pigs, birds) (not young)

Burma Aflatoxin A imitsmay  ALimits may Yimitsmay  Aimits may Aimitsmay  Aimits may & imits may not & imits may not & imits may not
(Myanmar) B1+Bo+Gq+Goy not exist not exist not exist not exist not exist not exist exist exist exist

Cambodia Aflatoxin A imitsmay  ALimits may Yimitsmay  Aimits may Aimitsmay  Aimits may & imits may not & imits may not & imits may not
B1+Bo+Gq+Goy not exist not exist not exist not exist not exist not exist exist exist exist

Indonesia Aflatoxin A imitsmay  ALimits may Yimitsmay  Aimits may Aimitsmay  Aimits may & imits may not & imits may not & imits may not
B1+Bo+Gq+Goy not exist not exist not exist not exist not exist not exist exist exist exist

Laos, PDR Aflatoxin A imitsmay  ALimits may Yimitsmay  Aimits may Aimitsmay  Aimits may & imits may not & imits may not & imits may not
B1+Bo+Gq+Goy not exist not exist not exist not exist not exist not exist exist exist exist

Malaysia Aflatoxin 350 350 & imitsmay  35P 350 35P & imits may not & imits may not & imits may not
B1+Bo+Gq+Goy not exist exist exist exist

Philippines Aflatoxin B 200 & imitsmay  20P 200 200 & imits may not & imits may not & imits may not
not exist exist exist exist

Singapore Aflatoxin ZeroP Zero & imitsmay  ZeroP ZeroP ZeroP & imits may not & imits may not & imits may not
B1+Bo+Gq+Goy not exist exist exist exist

Thailand Aflatoxin 200 & imitsmay  20P 200 200 & imits may not & imits may not & imits may not
B1+Bo+Gq+Goy not exist exist exist exist

Vietnam Aflatoxin ZeroP & imitsmay  ZeroP ZeroP ZeroP & imits may not & imits may not & imits may not
B1+Bo+Gq+Goy not exist exist exist exist




a A literature search to date has not revealed the exisitence of regulations specifying aflatoxin limits in these. However, this literature search has been limited to literature in English (see Van Egmond
(1991)). Thusit is possible that these regulations exist in the official languages of these countries.
b Information from Van Egmond (1991).



Appendix C. Dataon maize, peanuts and selected livestock sectors in Indonesia, Philippines and Thailand

TableC.1 Indonesa supply of and demand for maize (corn) and peanuts (groundnuts) in 1991

Row number  Variable Maize (Corn) Peanuts (Groundnuts)
Supply side
st Area harvested (Hectares '000) 30372 6289
) Yield (Metric tons per hectare) 2184 1.79
3 Production (Metric tons '000) 6 4452 1056h
A Imports (Metric tons '000) ob 53
) Total supply = S3+$4 (Metric tons '000) 6 445 1109
Demand side Metric tons ('000) (% of S3) Metric tons ('000) (% of S3)
D1 Seeds 129€ (2.0%) nal ndl
D2 Exports oP (0.0%) 2 (0.209%)K
D3 Use as staple food in Indonesia 4 834d (75%)d 887 (84%)
D4 Use as feed in the poultry meat industry 6508 (10%) 22 (2.19%)M
D5 Use as feed in the hen eggs industry 5168 (8%) 18 (L.79%)M
D6 Use as feed in the hog industry 3718 (6%) 13 (1.29%)M
D7 Other uses - industrial uses (oil, starch, glue, sweeteners) 64 (1.0%)d 114 (119N
Total (D1to D7) 6 445 (100%) 1056 (100%)
w Spoilage due to fungi and mycotoxins (%) (5%)f (5%)f
na not available

- oKQ "o o0 oW

CIMMYT (1992).
Nataredja and Halid (1993, Table 5) shows that in 1990 and 1991 there were neither imports nor exports of corn in Indonesia.
This estimate is based on Labadan (1993) who estimates that seed are about 2% of production.

Piggot et al.

(1993).

Based on Piggot et al. (1993) who estimate that feedstuffs are over 20% of the total farm-level production of maize in Indonesia and the relative sizes of livestock industriesin Table C.4.
Dr John Pitt and Dr Ailsa Hocking, CSIRO, Sydney, (Personal communication, 14 January 1994).
FAO (1992, Table 38 on groundnuts in shell).

FAO (1992, Table 38 on groundnuts in shell). Thisis an estimate by FAO based on unofficial information.

On the basis of Fletcher et al. (1992), imports are about 5.3% of production in Indonesia. Indonesia has been an importer of peanuts since 1979 (Piggot et al. 1993).



JB_X'_'

Not available. Fletcher et al. (1992) includes seeds in the other use category.
From Fletcher et al. (1992) exports are about 0.2% of total maize production in Indonesia.
Fletcher et al. (1992). Bottema and Altemeier (1990) notes that groundnut is primarily used for snacks, and consumption is about 2.5 kilograms per capita per year.

Fletcher et al. (1992) estimated that about 5% of Indonesia's peanuts was used as crushed peanut cake meal feed for livestock. Table C.4 gives livestock production figures.
Fletcher et al. (1992).



Table C.2 Philippines: supply of maize (corn) and peanuts (groundnuts) in 1991

Row number  Variable Maize (Corn) Peanuts (Groundnuts)
Supply side
st Area harvested (Hectares '000) 36992 459
) Yield (Metric tons per hectare) 134 1.809
3 Production (Metric tons '000) 46772 35h
4 Imports (Metric tons '000) 348P g
S Total supply = S3+S4 (Metric tons '000) 5025 44
Demand side Metric tons (‘000) (% of S3) Metric tons (‘000) (Percent of S3)
D1 Seeds 94¢ (29%)C nd nd
D2 Exports oP (0%)P oK oK
D3 Use as staple food in Philippines 842 (18%)d 28K (80%)K
D4 Use as feed in the poultry meat industry 898 (19.290)€ 17 (4.8%)I
D5 Use as feed in the hen eggs industry 786 (16.8%0)€ 15 (4 2%)I
D6 Use as feed in the hog industry 2057 (44.0%)€ 38 (11%)I
D7 Other uses - industrial uses(ail, starch, glue, sweeteners) 0 oe 0 (O%)I
Total (D1to D7) 4677 (100%) 35 (100%)
w Spoilage due to fungi and mycotoxins (Percent) (5% )f (5% )f
Sources:
a CIMMYT (1992). Labadan (1993) indicates that white corn forms 61% and yellow corn forms 39% of national production of corn in Philippines. White corn takes up 72% and
yellow corn 28% of area harvested. Yield per hectare is higher for yellow corn at 1.75 tons per hectare compared to 1.08 tons per hectare for white corn (Labadan (1993), Tables 3, 4
and 5).
b Labadan (1993, Table 8). Labadan (1993) notes that importation has been allowed in the past to alleviate corn shortage in Philippines. Exports are zero.
c Thisis an estimate based on Labadan (1993) who estimates seeds to be about 2% of production .
d Labadan (1993, Table 9). This table shows there has been a rapid decline in the percentage of corn used as food in the Philippines, from 48% in 1980 to 41% in 1985 to 18% in 1991.
White corn variety is the only variety used for food. In the table 18% share of total corn used as food is equivalent to about 45% of white corn produced in Philippines.
e Labadan (1993, Table 9). One hundred percent of yellow corn and 55% of white corn is used as feed. The percentages of corn used as feed in the different livestock sectors are
estimated using the relative sizes of livestock industries in Table C.4 and Labadan's estimate that feeds form about 80% of total demand for corn in the Philippines. Labadan (1993)
estimates that a complete or mixed feed for hogs or poultry contains 50% ground corn. Rebong (1992) states that as much as 60% corn may be used to compound an animal feed.
Hogs and chicken need to eat about 3 kilograms of quality feeds to produce 1 kilogram of live weight.
f John Pitt and Ailsa Hocking, Personal communication, 14 January 1994.
g See Domingo (1992). The figureis for 1987.
h Bureau of Agricultural Statistics (1991). Production has dropped from 43 000 metric tons (see Domingo 1992) the average for the period 1980-1987.
i

Fletcher et al. (1992) estimated that the Philippines imported groundnuts equal to about 25% of their average production in the period 1980 to 1989. There were no exports.



Not available. Fletcher et a. (1992) included seeds in the other use category.

Fletcher et al. (1992).

John Pitt and Ailsa Hocking, CSIRO, Sydney, Personal communication, 14 January 1994 estimated that the pattern of use of peanuts as feed in the poultry and pig meat sector in
Philippines is probably the same as in Thailand with feed forming 20% of total production.



Table C.3 Thailand: supply of maize (corn) and peanuts (groundnuts) in 1991

Row number  Variable Maize (Corn) Peanuts (Groundnuts)
Supply side
SL Area harvested (Hectares '000) 1 6442 119h
5o Yield (Metric tons per hectare) 252 1.4h
3 Production (Metric tons '000) 40352 1630
A Imports (Metric tons '000) ob o
S Total supply = S3+S4 (Metric tons '000) 4035 163
Demand side Metric tons ("000) (% of S3) Metric tons ("000) (% of S3)
D1 Seeds 17° 0.4%C na ndl
D2 Exports 11709 30964 10 (6%)!
D3 Use as staple food in Thailand 408 1%© 103 (63%)'
D4 Use as feed in the poultry meat industry 1 328f 330! 16 (9.9%))
D5 Use as feed in the hen eggs industry gg7f 20061 11 (6.5%))
D6 Use asfeed in the hog industry 605f 15%f 75 (4.6%t)
D7 Other uses - industrial uses (ail, starch, glue, sweeteners) 0 0 16 (10%)
Total (D1 to D7) 4035 100% 163 (100%)
W Spoilage due to fungi and mycotoxins (Percent) 5%9 (5%)9

o0 T

CIMMYT (1991).

Thailand is a net exporter of corn.

Wattanutchariya et al. (1991).

CIMMYT (1992). Note though in 1960 exports were 95% of Thailand's maize production, by 1985 this had dropped to 56% of total production and by 1991 the export share in total
production of maize in Thailand had dropped to less than 30% (see Wattanutchariya et al. (1991), Table 4.20). Wattanutchariya et al. (1991) argue that aflatoxin contamination
resulting from improper postharvest handling has contributed to the reduction in the demand for Thai maize on the world market. There has also been a shift in the countries that
buy Thai corn from those with strict mycotoxin regulations to those with less stringent mycotoxin regulations (see Arunthong (1987)).

Human consumption of maize in Thailand is close to zero. Mekvanich (1992) estimates that the feed industry in Thailand consumes up to 70% of the country's maize production.

The percentages of corn used as feed in the different livestock sectors are estimated using the sizes of livestock industries in Table C.4 and the earlier estimate that feeds form 69.7% of
total demand for corn in Thailand.

Dr John Pitt and Dr Ailsa Hocking, CSIRO, Sydney, Personal communication, 14 January 1994.



h  FAO ((1992), Table 38 on groundnuts in shell). See also Lampang (1993).

i Fletcher et al. (1992). The estimates were for the period 1980 to 1989. They included seeds in the other use category. In the case of human consumption, Shank (1971) notes that
groundnuts can be a significant source of dietary aflatoxins and that in Thailand most groundnuts are eaten between meals usually away from home.

i Based on Fletcher et al. (1992) estimate that about 21% of Thai peanut is used as crushed peanut cake meal feed for livestock plus Table C.4.



Table C.4 Outputs of sdlected livestock industries affected by fungi and mycotoxins (1991)

1 2 3 4
Countries Units Poultry mest Hen eggs Pig meat Tota
INDONESIA
Production? Metric tons (*000) 498F 400F 275F 1379
Sharein output of livestock sectors Proportion 0.42 0.34 0.24 1.0
vulnerable to mycotoxins
PHILIPPINES
Production?t Metric tons ('000) 302 267 690 1241
Sharein output of livestock sectors Proportion 0.24 0.21 0.55 1.0
vulnerable to mycotoxins
THAILAND
Productior@ Metric tons (‘000) 717 474F 340F 1365
Sharein output of livestock sectors Proportion 0.47 0.31 0.22 1
vulnerable to mycotoxins

a Thedatafor 1991 isfrom FAO (1992, Table 96 (Pig meat), Table 97 (Poultry meat), Table 103 (Hen eggs)).

F denotes FAO estimate.



*

denotes unofficial figure.
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