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Abstract

This paper Jirst describes five importont hmpocts of fiungi ond oflotoxins, then it develops an
econone model for use tn the evaliation of the impaets of fungi and aflatoxing and in the economic
assessmont of fungi and aflatoxin research projecty

The jive impacts thet the paper deals with are:

Sng apd aflatoxing lead 1o quality deterioration in products;

Jurgi and aflatoxins eonse spodage of agricultural products;

some countries prohibit the importation of some fangt and aflataxin contamnated ontput,
use gf aflatoxin contamnated produce as feed increases mortality rates and reduces Joed
o welght converstan rates tn Ivestock with magmified offects in chickens, dueks, egp
tayers, and pigs, ond

. use-of gfiatoxn cortanumated produce as food ever a long fime peviod feads to mutagenic
and carciegenic effects on humons.

W A e

Section 2 imtroduces the five important impacts of fingt ond affatixins Section 3 then presents a
model deating with these tnpacts, suggests ways o calihrate the model amd makes some concleding
remarks
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1 INTRODUCTION

fé'ixmgi are a diverse! group of orpanisms wanging from simple single cells through to complex struchures,

However, food spoilage is usually associated with two groups designated as yeast amd moulds (Robinsoh,
1983,

Extensive research has identified the most important physical and chemical factors which influence grain
damage by funpal growth. OF these, envitonmental conditions, temperature, humidity, oxypen and carbon
dioxide tensions seem (o play a decisive role in determining fungal growth and toxin production (FAO,
1983). Pitt and Hocking (1991) have indicated that the doniinant factor is water activity -« 1 chemical concept
which quantifies the relationship between moisturs in foods and the shility of micro-organisms to grow on
them.  Pitt and Hocking conclude that *Dry a product quickly and keep it dry® remains the most effective
miethod for ensuring fungi dosotinvade stored produets.

When products are not dry while in storage, fungi attack them and fungal growth feads to reduction in the
quantity and weight of grains; deterivration in quality of produce for processing and in food value; and the
production of aflatoxins, ‘

LL o Why focus on aflatoxins 7

Appendix 1 gives examples of commodities that are susceptible to fungal attack, and lists the fungi that are
ofien responsible for damage and quality deterioration of grains.  Appendix 1 hsis the following ay
mycotoxigenic fungi* Aspergillia. Penieddiva, Fusario and dlternaria. These organisms produce various foxic
mefabolites. While Appendix I includes field and spoilage fungi as well, the focus of this paper is on a subsset
of myeatoxigenie fingt producing allitoxins in grains.

Appendix I provides some descriptive details about aflatoxins. While aflatoxing are not the ondy mygotasing
infoods and feed. they are the more important mycotoxing not only in the countrics that are in this study, bui
in the rest of Asia, Africa and Latin Ameniea. For example, Von Egmoend(199), p 200) notes that
"At the time o writing there were abow 60 countries that had specific repulations or detailed
proposals for regulations on mycotoxins.  Most of the existing mycotoxin repulations concern
allatoxins and, in faet, all countries with mycotoxin regulations have tolerances for aflatosing in foods
andfor animal feedstufls.”

1.2 Why focus on maize and peanuts in Indonesia, Philippines and Thailand?

The next stage in this project is to use the eonomic model to estimate the costs of the papacts of fungl and
aflatoxins attributable to the use of aflatoxin contaminated muse and peanuts as food and feed for livestack
and poultry in three Southeast Asian countries (Thailand, Philippines and Indonesia) Thus most of the paper
has an emphasis on matze and peanuts and on the three Southenst Asion souines

Amangst commoditics which are susceptible to fungal attack and affatosin contamination. miize and peanuts
are by far the most imporant in monetary value (Pit, 1993) Maize and groundnuts have cach a wide range of
different uses as foods and feedstuffs.  Reddy. Nigam and Jambunathan (1992) provided the following
summary of the multiple uses of groundiuts

The groundnut plant comprises approximately 10 percent rools, 43 percent vines and leaves, and 45
percent pods. The reots and nodules add 125178 kddograms of nitrogen per hecture to the soil
through nitrogen fisation.  The vines and Jeaves are used as preen, dnv or silage fodder and as
fertitiser and foel Groundnut busk constituies about 13 percent of the whole plant and is put 1o
several uses The whele sced, which constitules 32 percent of the total mass of the plant, 15 used for
oil and food The groundmut ol 1s mainty used for cooking, and i industry for the prepatation of
several domestic products. The protein ch cake or meal after oil extractinn is nsually fed 1o bvestoek
or used as fediliser However, 1 recent veays, with proper processing, the meal is besng utilised for
making products such as hot cakes, biscuis, and baby or invalud foods.

Az an indication of the diversity of fungi, in 199192, apalysis of 1328 samples from field, farm,
storage and tetail sources 1o Indonesis and Phitippines led o the isolation and identiffeation of
approxinutely 6800 Jungi (see ACIAR, 1992). Samples comprised minly nubze, peanuts, riee fhoth
padidy and milled), beans of various fypes, with smuller numbers of cashews, kemisi s and spices.




The economic and social costs of using al
these products use zlmn in me dxﬂhmm
production and usag K§
summarise information on ma sumﬂy md denmnd idoncsia, n!ippmas fmd
Thailand. Appendis 1V indicates the extent to.which poaple du the ree t:onmrfcs use these fwi .aﬁucts 1s
food. Thus Appendix IV provides data on exposurc {o aflaloxing in maize and peanuts in
‘thppmc:; and Thaitand. dala-is hcccswy in-estimating the hunian health cfecis of allatoxin in wmm
of pnmary fiver cancer,  Pitt and Hocking? estimatc that abapt 90 percent of nfiatoxins in the Indonesia,
Philippines and Thailand come fromymalze and peanils.
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13 Outlineolihe paper

This paper first deseribes five important dmpacts of fungi and aflatoxins, then it develops an cconpmie model
for use i the evaluation-of the inipacts of fungi and aflatosing and in the cconomic assessticnt of ﬁmgu zmd
afatosin research pm;ccw

The five:dmpacts that the paper deals with are:

Tungi and afistoxing lead to-quality deterioration in products,

fungi and aflatoxing cause spoilage of agricultural produets;

some countries prohibit the drportation.of some fungi and affaosin contaminated autpat;

use of aflatoxin contamiivated produce as feed ingreases mortility rates and reduces feed 1o weight
conversion rates in livestock with mapnificd effects in chickens, ducks, egg Jayers, and pigs, and

* use of aflatoxin contaminated produce as food over a long time period leads to mutagenic and
carcinogenic effects on humans

E 3 S S T

Section 2 introduces the five important impacts of fungi and aflatoxins.  Section 3 then presents a madel
dealing with thiese impacts, sugpests witys to-ealibrate the model and tnkes some concluding termarks.

=

Dr. John Piti and Ailsa Hocking, CSIRQ, Notth Ryde, Sydney, Personal Commumcation, 14
January 1994, Pitt and Hocking argue that the estimates of aflatosin loads by Bulutao-taymeet, ak
(1982)-are wrong hecause they seem fo have used snalytical technigues which recent advances have
shown to be inappropriate for assessing aflatosin content in some products, Bulatav=Jaymie ot al.
{1982y interviewed 180 individuals about thetr dictary histories and estimated that aboui 20 per cont
of the aflatoxin Joad in Philippines comes from maize and its products. "The same stody fousd that
about 7 per cent of the aflitoxin Joad came from peanut and peanut prodicts

2




Y3 Five im»ﬁrtm impacts of fungi and affatoxing fn sgriculfire

The purpose-of thiy séetion is tircelold:

- to hightight the finportance of each of the five impms;zs-ammgi and affatoxing; and
) to sumpariselie empirigal evidence of cach gleaned from the scientific literatures: and 4
*  to provide a basis for sclecting the commoditics to consider in estimating the cost of fungi and

aflatoning
2.1 Produet quality impacts-of fongi and alatosing
201 CGrades of prodice

Instead of treating matse teorn) as a homogenous product, this papet treats maize #s three different products
depending on levels of allatosin contamination Similarly, peanats {pronndiviis) are tree different producis,
where cach peanut product Tine corresponds to different Tevels of aflatoxin contammation.

Total aflatoxing (B, B,, Gy and Gy) i micrograms per kilogram of product give an indication of the quality of
the.product.  Using data, from ACIAR project PNSROG (see ACTAR, 1989, 1990, 1991, 1992, 1993), on the
levels of aflatoxin contamination in peanuts and maize in Southeast Asia it is possible 1o identify three distinet
quality grades-of produee:

. high quality produce - this is producy which contains no more than $0 uucrograms of towl
aflatoxins(By. By, G, and Gy} per kitogram of product, ‘
» medigm quality produce « this is produce shich cantains more than 50 micragrams of aflatoxins but

the level of aflatoxin contamination is less than or cqual 1o 1080 micrograms of tatal afloxing B,
Bj. Gy and Gy} per one kilogram of product;

] low quality produce - this is produce which contans more than 300 micrograms of totl shatoxing
(B, B;, G, and G,) por kilogram of product ‘

The category of high quatity produce includes atmost aflatosin-frce prodice contaiting no more hin $
micrograms of aflatoxins per kilograns of product  In many countries the limit of § micrograms per kilogram
of product is applicable to baby food products (see Appendis 111 This s also the Timit proposed by the
European Community for dairy feeds. ‘The reason for sugh a Tow fimit for dairy feeds 15 to da with aflatoxin
MU in milk products. The accepted Tt for allatoxin M1 is now 0 05 micrograms per kilogran of product
The conversion rato aflatoxin Bl in feed 1o allatoxin M1 in milk is 1601 The aeeptable Hosit in dairy feeds
to-meet this standard 15 5 nicrograms per kilogram of dairy feeds

The upper limit of S0 micrograms of total aflatoxins (By. By, Gy and Gy per one kilogram of produet for high
quality produce is arbitrary but it s consisient with the literature on aflatoxin wegulations which specily
maximun acceptable levels of aflatoxin contamination in foods and feedstulTs  Appendsx 1Y hists Uiese lnits
for sclected countries. Different countries have different Inuts I 1991, for peanuts, maize and maize
products, the maximum valne for the acceptable level of aflatoxtn contammuation was 50 migrograms par
kilogram of product (see Table T 1 and Table 1.2 in Appendis HI)

The upper Hit of 300 microgeams of total affatoxing (B 1- Ba. Gy and Gyi per kilogram of product for the
medin quality product is also arbiteary. The United States bas a Tt of 300 wicrograms of toil aflatosing
(B} By, Gy and Gy) per kalogram of product for feedstufTs for adult beef cattle . sheep and goats

In terms of aflatoxin contmmination, products that contain morse than 300 microgeams of total allatosins (B I+
By, Gy and Gy) per kilogram of produet are low quality products  Such products contain more than 10 times
the levals of aflatoxins scceptable in some wesietn countries and more than 60 times the levels of allitosing
aceeplable invwesiern countiies wirh the Towest alatoxin tolernge levels

Tiongson and Gacilos(1990) give some support for the approach of usung postharvest aflatoxin contamination
levels to define grades of faem level outpust swhei they conelude that.

"No definite patters of increase in the incidence of allatoxin was observed antong different stages of
operation. This suggests that the grain way reach substantial Jovel of aflatosin conmination even at
the start of olf+farm operation depending on the degree by which fhe grains were earlier predisposed

3




aillus flaves «imféct:iou and 1o pisfrm conditions that favour aflatoxin formation dutipg the

10 Aspe i _
pre harvest stages of the crop.”

Table 1 summarises (he relevant datp on the quality of maize and peanuts in Indongsia, :Rhilimiﬁcg and
Thatland:

212 Prive versius guolity

Tiongson and Gacilos (1990) abserved an inverse relationship between the price of corn prils aud aflatoin
content in the Philippines - that is the lower the Tevel of afiatoxin content, the higher was the price of com
grits:

CardinosBermundo, Cibacungan and Bermundo (1991) concluded that meisture content and colour of the
commodity determines the price of com grain in the Philippives  Bottema and Aliemcier{1990) and
Wattanutchariya €. al (1991} indicate that these two factors (moisture content and calour) are the most
fmportant two factors in grain price formation in Indonesia and Thaikand respectively. In these eountries the
grain trader (oviddientany measures the v factors Mirougit sensory evaluation and yisual obiservation®.
Generally local grain traders and processors do nof use laboratory equipment, like moistyre festers, 0 ieasure

grain atiributes. The trader disconnts wet or discolonred gevin by dedueting a certain pereentage off the gross

weight of grain. Alternatively the trader deducts a percentage off the market price to get the price per ol
weight of wet or discoloured grain. The discounts increase with the wetuess of grain  Canboo-Bermundo,
Cabacungan and Bermundo {1991) observed the fullowing discounts in Philippines:

® for skin dey produce, traders reduced the gross sveight or the per amit weight price by a factor ranging
from 5 percent to 10 percent depending ot the Jevel-of dryness,

. forwet grain sraders teduced (he werght or price of produce by a factar ranging from 15 percent to 20
percent; and

o For damaged grain traders reduced the gross weight or the umi price of the produce by a factor

ranging from 30 pereent to 50 pereent

A pricing regime for grains, @king into account colour and dryness that Cardino-Bermundo, Cabacungan and
Bermundo (1991) ohserved, while not parfect?, does take into account the factors that are important for
aflatoxin contamination of grains.

Assume that the price discounts observed by Cardino-Bermundo et - al (1991) in Philippines, apply to both
maize and peanuts in [ndonesia. Philippines and Thailand.  If this assumption is valid then it is passible to
estimate farmgate price differentinle between the three grades of produce, where grades depend on level of
aflatoxin contamination. Table 2 reports preliminary estimates of these farmgate price differentials for both
faize and peanuis in Indonesia. Philippines and Thailand In the table the price of medium qualiy grain is
cqual to the average farmgate price for geain For high quality grain, the farm gat price is equal lo the average
price plus 4 ten percent premium.  The price of low quality grarn is about 50 percent of the medinm-quabity
grain.

3 Dr. John Pitt and Dr. Ailsa Hocking CSIRO, Nosth Ryde, Sydney (Personal communication 14
January 1994) noted that (a) visual observation 1s 4 very poor and unreliable way to tell whether 4
predugt containg allatoxins or not, (b) current pricing regimes do not supture aflatoxin content of
produgts, (¢} traders may have price differentials for other attributes of grains but those price
differentials are pot likely to reflect aflatoxin content, On the basis of these gxpert ohservations, the
rest of the paper while differenting grains by affatoxin content does not mtroduce aflatoxin related
grain price differentials. The paper uses the average price of maze and the average price of pranuts.

Cardino-Bermunido, Cabacungan and Bermunde (1991, p. 12) note that this scheme does not provide
adequate incentives for dred corm: the prive differential hetween dried and wet eorn is not enough to
cover the cost of meehanical drying operations. - Farmers then tend to produce more weat, poor
guality grain than would be the case under a pricig scheme with 4 Jarger preminm for dry gram,

4



Table 1 The aflatoxincontent of waize and peanuts in Indonesa, Philippines and Thailand.

{Percent of sample tested which had the fevel of aflatoxin contamination i eolumit 2 of thie table)

THAILAND

COMMODITY GRADES Microgramy  of aflatosin 'l:\‘l)()x\"i‘lﬁﬂ‘\ ISI)(,)FXFSI:; FI(IE&I‘?‘ES - Plllf;flﬂ;t{ifwﬁS | Tﬂ}ill« ot V’» ’

By +By + Gy Gy per .

Kilozram ol product

MAIFE® PEANUTS? MALZE® FEANUTS® Matze® PEANUTS
Almost aflatoxin free -High quality (1} kgs s 63 ‘ 'Sm' | A4 B i%? | 53 - 64 -
High quality {5 Soougkgio z ¥ 4 b 0 *
Highquatity {3y 10- upkgsdo § 1 27 f 18 ¥
g;llGI!r’QUALH’Y - TOTAL e yg{kgsf.é ’?8 ’ 55 48!) ’?8 7 ’J“'I 4 75
MEDIUNQUALITY )< ppkg K300 it 12 14 6 i 1
Lonv quatity 11y 300 - ugks g 100 3 1 % ¢ 3 | ? |
Lowqualiy (2) 000 agkg s G i 17 ¥ * 4 3
Low quality (1) 3000 - kg 10000 4] 4 4 4 @ o
Fanv quality (43 upkg eveoed 10000 4 H g EH @ Ei
LOW QUALITY . TOTAL neike mceésm 4 33 & 1 15 10 -
TOTAL PERCENTAGE Notapplicahle 7 '}gé' Iﬁi& » S{ﬁl i o ‘ ;m ’ 0
TOTAL NUMBER OF SAMPLES Notupplicakile 2 ns 136 31 108 94
TOTALPRODUCTION Tc;&s;*mu;) ann a9t a},ﬁt‘* asssh 54‘“* | e | ot
Sources: a ACIAR (1989, 1990, 1991, 1992 and 1993)
b Food and Agnauitire Organtsation of the Uaited Nutions £ 19923
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Tuble2 The farmgate price of marze and pennuts given their aflatoxin content in Indonesia, Philippinesand Thatland.

{$ Australian per metric ton, 1991}

COMBMODITY GRADES Micrograms of afatoxin INDONESIA  INDONESIA _ PHILIPPINES  PHILIPPINES  THAILAND  THAILAND

By 8, + Gy 4Gy per
Kilogram of product

MAIZE PEANUTS MAIZE PEANUTS MAIZE PEANUTS
AVERAGE FARMGATE PRICE
Saustraliaf Metric ton et tnsh /e 7654 137% 10837
HIGH QUALITY ngke < 50 1878 165428 2788 8428 1518 11918
MEDIUM QUALITY 50 < pe/kg € 300 7oh 14930 as3h 7650 (Ev 10830
LOW QUALITY perkg exceed 300 85t u 127 383t 69t 5421
a CIMMYT{ 1992 reports prives m US dollars Theseprices are converted 1o.A Tran-dotlars ing an g 1991 exchange ate of SAL = SUSO.7.
h Piggot, Parton, Treaduold and Hatabarst (1993, pl3Tiestimate the whaolesale price ta be 1676 38 Indonesian supiabi pee ki of peanuts.  Assurming an inflation rate of B percent perannuni; the mmaalrbv Piggotet. al
(19933 15 cquivalent 1o 2131 Indonesian rupsabyper kdogram in 1991 This ts converted ts Australian doilars st an-eschange e of SAL » 1414 Indonestan Ruprah.
¢ CISIMY (992 reponts prices m US doflars. These prices are converted to Austraiian dollars ansunung an average 1991 exchange rate of $A1 = SUS 0.7
d This 15 based on Bureau of Agneuliuwl Statistios (1993} egtimate of the 1997 Brmngteprice of 13 13 pesos per kitogram.  This price 1s vonvested 1o Australian dollars at anexchangerate 6 SAT = 2171 Philippins nesos:
e CIMMYT(1992} reports prices in US dollars. These prives are converted to Australian dollars assuming anaverage 1991 exchange rate of 3A1 = SUSH.7 )
f This estimate 1s based an a firmgate price of 14903 baht per metric ton 1 the ACIAR Feonomic Evaluation Unist’s database on Thailand, The figure inthe databaseds for 1988, Assuming assate of inflation of & percentper

annum deads 1o an estimate for 1997 of 18773 baht per metric tonan 1994, This ¢ then converted mio Ausiraliass dollars at the exchange riteof $A41 = 1734 Thai baht

High qualite produce eams a premium of about 10 pereent averthe average price Ha riofe that domestic price signals in Southicast Asian grains markets do not adiquately reflect quality differentialsbetween prodince
of different fevels of aflatovin contamimtion. See for example, Cardino-Bermundo, Cabacungan and Beonunda £1991) and Tiongson and Gacflos {I?OG%

High quatity produce . 3 and mednm guatity produes 1s sold at the average price However, note that domestic price signals i South AT I ets dondtadequately teflect qualite differentials Batween produce of
different fevels of aflatoxin contamination. See for example, Cardino-Bernmnds, Cabaungsn and Besmindo 19913 and Tiongson and Gacilos 4 1990y

Lanw quality produce & sold atabout hali the average prive. See Cardine-Bermunda, Cabacingan snd Bermundo (1991} and Tiongson and Gacilos {1990,




2.2 Product spoilage cffects of fungi and aflatoxins

1t is possible for fimgl to sc?admrsclyuaﬂ‘cc&« 1he sensary characleristios (such as ste, vdour, texture, colour),
the notrifional value and functional propertics of grains that the grains beeome imacceplable as food or feed.
I sueheeases. the farmier o the grain handlerhasito discard Ahe graimas waste ity (hat some of the farm
fevel production of food or feed does not reach the refail market. - Spoilage of food and feed beiween the farm
sector and the refail sector affects the retail prices of these products. This paper explicitly takes into aceount
these product spoilage effects in estimating the inipact of Tungi and aflatoxins,

‘ FAOUI 983) uses the term damage to indjeate the physical and, or mechanical spoifage of a food grain; it may
reflect partial deferioration of a. food ot the basis of # subjective judgement but not necessarily the foss in
sweight. Fungh and aftatoxing lead to product damage or spoikige in three difforent svays,

First, fungi-Jead to discolouration and fo deferioration in the physical appeatance of grains swhich not only
lower product quality but often make the product unacceptable for consumption as food or feed and thus of no
commereial yalue. :

Second, storage fungi change the fat acidity of grains  Fatly sicids contribute 1o chameteristic off-odours and
rancidity-{inpleasant stale soell or taste) of stored commodities

Third, invasion of seeds by storage fungi drastically reduce germinability of the seed (FAQ, 1983, pi8).
Table 3 suntmarises sorie estirates of product spoilage attriburable to fungi and a0atoxing - Table 3 suggests

‘thattraders and users of maize and peanot grain in Indonesia, Philippines and Thailand throw awny about 5
percent of the grain beeanse of fongs and aflatoxin contamination:




Table 3 Spoilaget® rates of maize and peanuts given their aflatoxin-content in Indonesia, Philippines and Thailind.

{Percent of farm {evel ouiput, 1991)

COMMODITY GRADES ‘ " Hicrograms of afatovin  INDONESIA  INDONESIA  PHILIPPINES  PHILIPPINES  THAILAND  THAILAND

By +By + Gy +Gy per
Kilogram of product
HIGH QUALITY pwfkg < 50 ob b b ob b ob
MEDIUM QUALITY S« pgdkg w300 14 16% 16° 165 1.5% 156°
LOW QUALITY pefky exceed Y00 29 it T4 2p¢ 240 20¢
AVERAGE FOR SOETHEAST ASIA ' 54 sd s« 5d s «d
Sources ;
a Spoilage rates duc to fungi and allatoxms are probabalisy functions where the probaniny that the spotlage rmite takes a particular value is a function of vatious factors

inchuding: the vanety of the product teg yellow comn versus white cami, the tme and method of harvest, the perod and method of storge, the storage temperature; the.
moisture confent. the drying method prior to storage and s on tsee Mawze Quality Improvement Research Centre £1992) The numbers in the table are. ina mathematical
statistics sense. expected valnes.

b High quality products ha = .~ spmlage rates frons fungs and aflatoxsus by assumption
¢ There are no studieson w0 - Tatexin spoilage rates in Indonesry, Plulippines and Thatdand. The numbers w the mble come from Ren-Yong, Gen-Zhang and Shan-
Yang(1992). The sourc <t ases svslems analysis lo estimale various postharvest fosses in the grams secfor

Dr Jolin Pitt and Dr Aiisa + -3, Nonth Ryde. Sydney (Personal commumneaton, 14 January 19943




23 Intermational trade irmplications of altatoxing

Many countries have aflatoxi regulations that restrict international trade in food and feed with unaceeptable
levels of aflatoxin contamination (sec Appendix 111). On the oher hand, unrestricled international trade s
possible with:respeet to produce which contain infernationally acceptable levels-of nflatosing,

There is extensive literature on the cconomics of protection in international trade dealing with various aspeets
of the two traditional approaches to protection:

. pure quotas - quantitative restrictions specifying the maximum-amount of a cantmodity a Country can
export {0 another country; and
] tariffs « taxes on fmports or exports:

This paper uses the implications from these studies to determine the international trade jmplications of
aflatoxin contamination, For example, using results from Anderson and Neary(1992), it is possible {o define
shadow prices for aflatoxin. regulations and estimate welfare costs of these aflatoxin regulations to the three
Southeast Asian conntries (Indonesia, Philippines and ‘Thailand).




Table 4: International trade implications of aflatoxins for maize and peanut products in-Indonesia, Philippines snd Thailand

COMMODITY GRADES ‘Micrograms of aflatosin INDONESIA  INDONESIA ~ PHILIPPINES  PHILIPPINES ~ THAILAND — THAILAND

By By + Gy +Gy por )

Kilogram of product »

MAIZE PEANUTS MAIZE PEANUTS MAIZE PEANUTS

ALMOST AFLATONIN-FREE-HIGH QUALITY (0 pokp g S Uinrestricted Unrestrusted Unrestricted Unrestricted k Unrestricted arestricted
HIGHQUALITY () 5 < pgke < 10 Unrestricted Unrestricted Unfestricted Unrestricted Unrestricted  Unrestricted
HIGH QUALITY () 1 < ugke 550 Restricted Restricted Restricted Restricted Restricted Restricted
MEDIUM QUALITY 50 < pgkg € 300 Quota = b Quota =0 Quota =0 Quota =0 Quota=0 Quota =0
LOW QUALITY pgfke exceed 300 Quota = & Quota =0 Quota=0 - Quota =G Quota=0

Quota=1
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24 Livestock health and productivity impacts ol aflatoxins

Using feed whigh containg aflatoxing Jeads to 3 nuniber of negative elfects on susceptible livestock a“ndmu‘i’try»
CAST(1989, P11) note that: ,

"The impact of fungal toxms upon animals extends beyond their obvious effeet in producing death in
the wide variety of anituals that are likely to consume mycotosin-contaminated grains or feeds. The
econamic impact of lowered productivity, reduced weight gain, reduced feed eficiency, less meat and
cpg production, greater disease ncidence beeanse of immune system suppression, subtle damage to
vital body organs, and interferences with reproduction is many times greater than that of immediate
worbidity and doath.”

A typical field-case of allstonicosis is marked not by mortality but by o decling in productivity with no visible
disease symptoms (Ramilion, 1987, p57)

Losses that resuft from using contammated grain as feed are-difficult to measure for various reasons inchuding
the following:

. The consequences of aflatoxicosis depend on the dose of aflatasin, the length of foeding toxic dicts
and thie age at first exposure to the foxin (Rao and Reddy, 1989, p 164).

* Subtle cflects due to using alatoxin contaminated feed do not produce clinical symptoms of toxicify
(Nichols, 1987, p345). These effects mehude reduced growth rate. reduced feed efficiency, the
infertiity syndrome in swine and catsle; the loss of quality in anmal products - examples include milk
wilh aflatoxin M1 beeause dairy cattle arc fed on aflatoxin contaminated foed, chicken carcasses
condemned or downgraded bectuse of the brover bnusing syndromed or the pale bird syndromed,
Since aflatoxicosis often occurs in these subtie ways. proper diagnosis is dependent on keen
ahservation and good production records. Unfortunately proper dingnosis is ofien not made

. The effects of aflatexing change when there are other afiatoxins m the feed.  Feed IIstures miay
melude mycotoxing ather than aflatoxins and some of these have additive or synergstic affects with
the aflatoxin (Pier, 1987, p 61-62)

] Aflatoxins do not eceur wntformly in feed  While the peesence of moulds can be an sndication that
aflatoxing may be present, the degree of visible mould infestation is not necessarily an indieation of
the level of toxin production m e feed or food  Morcover, mouldimess may not be apparent afler
milhing or processing

These qualifications put in context the numbers (hat are m Table 5 The numbers m Table 5 are based on
conservative estumales reported 11 the Jiterature on aflatosicosts w bvestock. The estimates of econonie costs
i the livestock sector will depend on the parameter vatues in Table S

Tabile 5 assigns values to those tmpacts that the paper mcorporates 1n the cconomic costs of fung and
aflatoxing.  The rest of this section discusses the mpacts of aflatoxin contamimated foed on each livestock
Broup.

Powltry meat ond egg producnon

Swmuth, Hill and Hamilton (1971) paimt out thar aflatoxicosss in chicken 1s charactensed by poor growth rafes,

5 Apparently healthy birds extubit bruises and haemorchaging at staughter, Experiments revealed that
aflatoxins increase eapillary fragdlity and reduge the abibity of supporting tissues to cushion the blood
vessels against blows, Hamilton (1987, p. 53)

&

Chickens fed on aflatoxin-contaminated feed fail to realise their colour potential, The yellow colpur of
chicken skins and egg yolk is aitributable to carotenoids.  Aflatoxins interfers with the birds capagity to
ahsorb, transport and metabolise carotenoids. (See Hamilton, 1987, p. 53).

I




inefficient feed conversion and increased mortality rates.  Among the results they repott are the following
which relate to the differences in growth rates. feed conversion and mortality rates for 50 chickens over a

petiod-of 21 days:

Aftatoxins  affect ﬂ'w Jollowing 144’1’;1):&::! njlmaxmmﬁéd With aflatoxiny in feed (10 pom)
varighles , ‘

Mean body aveight aflor 21 davs 363 grams 195 grams

Feed consumed/weight gain 1.73 v c I

Mortality rates 0/50 12050

Aflatoxicosis seems {o almost halve the chicken's growth rate, 10 reduce feed conversion efficiency by about 30
percent and to increase mortabity mies, : '

Hamilton and Garlich (1971) and Huff, Wyatt and Hamilton{}975) demonstrated that aflatoxicosis in laving
hens causes an enlarged Latty liver aind a decrease jn epg production - fewer and smaller eggs are produced.
The decrease in egg produstion dogs not oceur fmmediately after allaloxin is introduced in-the diet bt miber
oceursafiera 19 to 14 days"lag period,

There are other cifects of wflatosicosis in the poultry and egp production sector not taken into account in this
‘paper bezause, in the titerature, there is inadequate quantification of their magnitnde For example, Boulton,
Dick and Hugles (1979) conclude that layers exposed to dietary aflatoxins at the time of Neweastle Disease
vaccination may not be adequately vaceinated and that more frequent vacemation may be required. Similarly
Wratt (1979} to the effects covered in table § includes the following additional effects of aflatoxicosis iiv the
poultry and egg production sector increased condemnation or dewngrading of carcasses, poor pigmentation of
poultsy products which reduces their sale value, altered immunity which mereases susceptibility fo disease and
interference with the bitds’ normal processes of absorplion. digestion and ublisation of nutrients.

Hog production

Thetoxicity of aflatoxins has been reported in suckling piglets, growing and finishing swine and breeder stock
(CAST, 1989, 12) Table 5 takes mio account three impacts of aflatoxicosis in the hog scetor: increased
mortality rates. decreased weight gain and decreased feed conversion efliciency. The effects of affaloxing in
pigs are varied. and may be morc or less pronounced, depending upon the age of the animal, diet,
concentsation of aflatoxins, and length of exposure. Swane appear 1o be resistant to dictary levels of aflatoxing
up to 300 ppb fod from time of weaning to marketing (CAST, 1989, 12) Bubate! and Salajan (1977) provide
the following results on the possible impacts of allatoxicosis weight gain and feed conversion efffciency in the
hog scetor.

Aflatoxing  affect the  followmng Withunt affatoxins in feed Wath aftatoxing in feed (300 ppui
variohles

Pig's body weight at start (kg) 80 85

Pig's final body weight (kgd 4.5 15.1

Pig's mean daily serght gainfkp) 183 0073

Percent 100% 1%

Mean daily feed intake (kg 0 440 1440

Feed/Weight gain 240 GOn

Percent 1H00% 254%

Wilson. Sangster and Bedel! (1984) reported mortality rates of 10 pereent in herds of 200 or more swine and
28 percent in berds with 20 10 50 pigs. In Wilson et al. (1984) 30 10 45 percent of the pigs 1 the sampled
berds were visibly ill from consuming grain with aflatoxin levels greater than 350 ppb

HBeof cattle

Hsieh £1979) grouped the effects of mycotoxicosis in beef eattle into four major groups

& the lethal effects - that is, consuming aflatoxing in sufficiently high concentration will Jead to death of
coitle,
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o dhcsublethal mycotoxicoses ~ aflatoxing interfere with the immune system of caffle which
more:susceptible to-discase; aflatoxins also lead 1o reduced weight gain and reduced feed conversion

elficicney,
. earcinopenic effects ; and
. mutagenic and teratogenic offects.

Inthe untimal production-industry, beeause there is rapid turnover ol animals, the first tyo groups of effeets are
of greater concern than the carcinagenic and mutagenic effects which are longer-terns chironic effeets. The
effecis nraﬂaiaxfixus~ on the rafe of growth and on the fecd-conversion efMiciency of beef cattle arc cwniplex as

demonstrared by Keyland Norred (1979) in the following results they repsrt from a US stndy:

Aflatoxiny Withont Aflatoxin level  Aflatoxin levol — Aftatoxin level  Aflatoxin level
affect . the  aflatoxinin 100 ppb 300 pph 700 ppb 1000 ppb
Jellowing feed

variables

Startweipght, 1b 4t 427 417 C 406 433
Daily  sveiaht 2.51 263 240 190 176
gain over 133

days, 1bs

Feed!  weight 57 6. 63 65 66
gain

The study focussed on young animals and the negative effects of allatoxins are clear and one directional as the
fevel of aflatoxins increase. However Keyl and Norred (1979} report rosults from snother study involving
older gnimals with weights of 700 pounds at the start of the experiment. The effects of affatoxicosis in older
animals was non Jincar. In the cxperiment 15 animals (the control) consumed aflatoxin-free feedstuffs and
another 15 animals consumed feed containing 700 ppb of aflatoxins  In the first 30 days of the experiment
aflaloxicosis led 10 a reduction in weight gain Afier another 30 days by day 60), the trend hiad reversed
Animals had gained weight and there was no statistically significant gifference between the averaie daily
weight gain-of animals in the control group and those i the group feeding on aflatoxin-contaminated feed.

Cow mitk

Paiterson and Roberts(1977) list the following effects of affatosicosts in the dairy industry loss of condition or
general malaise of dairy cattle, drop in wilk yields, failure of calves to thrive, scourmg (a kind of diarrhioea in
cattle) with or without hacmorechage, failure of cows to conceiv. and secondary aflitoxicosis - the uansfer of
1+ s, panticularly aflatoxin M1, from dairy cattle to people In the contest of dairy cabves, Meathery ef al.
(1980) observed non-linear relationships between the average dmly weight gain over time in the presence of
aflatoxins in diet. In an experiment Insting three weeks the following changes were observed

Tune Average dary body weight Average dady body werglit
chianges withuut aflatoxns m feed changros with 0.093 mg kg of
thg oy affatasurs m foed g dav)
Week 0714 0335
Week 2 0952 {.292
Week 3 {1 216G {1276
Axcrage over 3 weeks 0887 0173



Livestock health and productivity impacts of aflatoxins

"OR TYPEOFIMPACT

Aflatosin BIHI24G1+G2  Aflatoxn Allatoxin
ur the- following rmnge Bl+R24GI4G2 Br4R2+G4G2
U ngkp s 50 i the folfowtng fivthie folfowing
range tange
S ppfig s 300 siglkg w300
1. Poulty and 1.1 Deaths per year il ‘ 2% TP o
opg %o
produstion
1.2 Aveiage weight $4¢ 3 3d 13°
of a bird
13 Feed consumed/ 290 348 18f
weight gain ,
14 Bpg weight 0t 92 45!
Mirdivear
{Index)
2. Hogs 21 Deaths per year 18! st 28K
%)
22 Avempge weight 750 75 sqm
of apig
2.3 Feod consumed/ 240 240 600
welght

=m s

e

p~1

From Shane (1991.p55), 1o this table, the values for high qualify feed correspond w Shane's
standard values for these parameters. Ths figure inchudes condemned carcasses
Shane(1991, p3S) claims that the presence of mycotoxins m feed could increase mortslity rates of

birds by 3% to 5%. In this table the figure of 3% ncrease in mortality rates 18 associated with

medinpguality feed and the figure of 5 % with the low quality feed

W, de Guzman and Bay-Petersen{Editors, 1991}, This as the average weight for Thaland and
Philippines chickans

This is 4n estimate of body wetpht of chicken fed on meduun quality feedstutf. [t 1s based on

estimates in notes {¢) and {e).

Based on Snuth, Hill and Hamilton (1971) where presence of aflatosins halves the growth rate of
chicken. Hamilton (1987) however teports that i a survey of poultry producers good growers (with
miean allatoxin levels in feed of 6.1 ppb) were 0% mare praductive than poor producers (with
allatoxin fevels in feed of 14 ppb).

Wu, de Guzman and Bay-Petersen(Editors, 1991, p 69) feed?gan ratio for Thay native chickens
Estimated from netes () and ().

Based on Smith, Hill and Hamulton (1971 where aflatoxicoss depresses feed conversion by abiout
29 per cent

CASTUIGEY, pi5) estimates that aflatoxicosis eould lead wea reduction of § per cent m egp
production m faying heos

By interpolation batween the results for the high quality and low guality feed.

Estimate from Wilson et. al, (19843, This the mortality mte fur smaller herds in Grorgia, USA and
15 used hers on the assumption (hat Southeast Asian pig herds tend to be small,

From CAST(1989, pSEy This 1s the overall mortality sate for hoyg producers in the Seutheaslern
United States and may be onthe conservabive side in the case of Southeast Asta,

Average of pig carcasses 10 Indonesis, Phalippmes and Thatland from data 1n FAO (1992)

Based on Buhatel and Salajant1977) and CAST(1989, p 12}

14



Table 5 (Continued). Livestock licalth and productivity impacts of aflatoxing

—
FEED D ¥
Aflatosin, Allatoxin Alatoxin
BHEMGIHGL  BHBBEIHGE  BIHEGIHOL
m the foliowmg  mthefollowmg  mthe followipg
nge pke s g range
50 Sppke s o pglkp 300
Ao
s R
3. Becleawle 31 Demths poryoar  Nodan® No.dua® No daga®
: %)
32 Live  welght 022349 o4 01560
gain inoan
animal
{metric won)
33 Feed s 637 o.67
cansimpliondiv
gight gain
4. Cowmilk 4.1 Deaths peryvear  Nodua® No data® No data®
)
42 Milk 1005 $o8 728
production
index
4.3 Feed 57 G3r 66"
consumphion/mi
Ik produged ‘
o Att extensive literature has not uncovered any reference 1o increased mortality rate as a major problen

in the cafde beef sector. Thus there are no estimates of the effect of afatonicosis on beef cattfe
murtality rates. Hamilton (1987, ps2) notes that & typical field case of aflatosicosis 1s marked nof by
monatity but-by a decling in productivaty with no visible disease symptonts

4 FAO (1992). The assuription is that the exrrent situation in Southeasi Asia is such that beel cartle
producers use Tow-quality fhighly mycotoxin contaminated) feedstull

q Based on Keyl and Norren (1979) and FAO (1992) - Keyl and Norred(1979) suggest that animals on
aflatexin free diet and those on diets contaimng 300 ppb of aflatoxins are about 1.43 times and ) 16
times respectively, the weight of animals on diets containing 1000 ppb of aflatoxing and about

T Buased on Keyl and Norren (1979)

§ From CAST (}989, 12)
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28 Tumanhealthe of aflatoxing

fre

‘Wiien peaple igest food containing aflatoxing ey may suffer two major types of effects,

. ort-ter exposure (o aflatoxing in humans may lead-to Fital afla
with jaundice for example, and may play a tole in kwashiorkor, 2 ndrome (Bhat, 1989,
1991). Such acute outbreaks of disease are preventable if countries introduce and adhere to tolerances
to-aflatoxins in foods (Kuiper-Goodinan, 1991, p71).

s The chronie mulagenic, carcinppenic effests have long latency periods. They inelude primary liver

cancer, Indian childhood cirrhosis = a fiver disorder in India correlated with breast milk

N , : GG pndhaby food
contaminated with afaroxin and chronic pastritis (Bhat, 1989, 1991y

Thiz papcrdeals with the most tmpartant of these effeets « the development of primary tiver eancer. Estinttes

of the numbers of primary liver cancer enses attributable 1o aflaioxins in maize and peanuts consumed in

Indonesia, Philippines and Thailand give an indication of the human health elfeet of maize and peanut related
aflntoxicosts in fhese three countrics.

The weight of evidence with respect to carcinogenicity is against aflatoxins. An FAQ/WHO BExpert Cominiitee
{WHO, 1987} urged reduction of the intike of aflatoxin B1 1o the lowest practical level so as 1o reduce the
potential for harm: The International Agency for Research on Cancer (JARC, 1976, 1987) reviewed aflaloxin
BI and concluded that aflatoxin By is a human carcinogen.

A number of studies” have established a strong correlation batsveen fngestion of 4fatoxins and the ingidence of
primary liver cancer. Most of these have been popiationSbased correlation studies  Since data in these
studies are-collected on populations rather than individuals, it is nor possible to determine the exposure to
aflatoxins of individuals who have the disease Kuiper-Goodiman(1991)  Furthermiore, it appears that primary
Tiver cancer an have a iulti factorial origin. Factors like aleohol {Bulatao-Jayine ek al, 1982) and hepatitis B
virus (Croy and Crouch, 1991) appear fo have a synergistic effect on the incidence of primary liver cancer. As
well, genetic differences, social economic status, sex and age of the individual mav play a role. However,
Ruiper-Goodman (1991, p?4-75) lias argued that hepatitis B virus is not o confounding factor unless its
distribution in the various study populations is uneven  He concludes that it canuot be presumed a priort that
all the older studies in which hepatitis B virus status of individuals was not measured are invalid.

This paper adopts a population-based correlation approach. ‘The qimm is to provide indicative estimates of the
human health effects of allatoxing measured in terms of the number of prinwry liver cancer cases atiributable
1o affaioxins in maize and peannt. More acourale estimates need 10 take info account the confounding fictors
in the discussion above and must be individually based

Estimating the human health effects of aflatosins in terms of primary liver cancer. requires data on human
exposure to affatoxins.  Information i Table | and Appendix 1V provides a starting point in exposure
assessment.  Table | gives details on the distribution of afiptoxins in maize and peanuts in Indonesia,
Philippines and Thailand. Appendix [V indicates the extent to which people in the three countrics use these
thiree products as food.

7 See Shank et al. (19724, b,e.d.e) on aflatoxicosis and primary liver cancer in Thuiland, CAST{1989,
p29 -32) diseusses studies of aflatoxin porsoning in Western India ,Uganda, Taiwan, Thailand and
Renya: Peers et ak {1976, 1987) studied aflatoxivisi i Swaziland, Yeh et al, (1989) deals with
hepititis B virus and primary liver eancer in Chinay Bulato-Jayine et al. (1982} corpelates exposure
to afalatoxins and the incidence of priwary liver cancer in the Philippines.

b Exceptions include Bulatao-Jayme ot al. (1982) and Yehet rl. (1989). Yeb et 4 (J989) collected
data on 7917 men residing in § different areas for a period of 3.8 years, However, the study
estimated at the population level dietary aflatoxin levels for 4 out of 5 areas on the basis of market
sample analyses.
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31 Overviewof themodel

"This subsection provides an overview of the model for the e wc*ml welfam impacts of fungi
i atoxins. At the end of the subsestion isa complete Hsting of the'model.

g ‘ evel mupu'u» of
maxmts‘ Atthis m.ages i‘mmm supply at the farmgm p:m!uw which they perceive to be bomﬁgm

During the postharvest m;,as fungy and sflstoxins in peanists and riaize lead 1o at feasi five impacts. Sm:tmn
2 of the paper deseribed these impacts, Pigure 1 indicates thie five most important impaets,

Wlel ahe quality smp.mls of fungs and aflatoxins by linking aflatoxin content of maize and peanuls to the
e of these products, 1nthe mmharvem stages of maize, the model recognises three Types of

| re the level of aflatoxin contamination is the basis for defining grades of produce, Similarty the
moda! rwn;nkes three types of peanuts, ‘The thyes grades arer high yuality corresponding 1o produce
containing less than 50 micrograms of aflatoxing per kilogram of produce, medivm quality corresponding to
produce containing between 50 and 300 micrograms of allatoxing, and low quality produce containg more
than 300 mierograms of produce.

For reasons which section 2 govered we do not introduce price differentials corresponding 1o the differen
grades of maize and peanits. The main reason is that eurrent pricing regimes in Indonesia, Philippines and
Thailand do not diffrentiate produce according to allatoxin content,

It is pogsible to model the product spoilage impacts of fungi and aflatoxins using & product wastage model
(Davis, 1993). The product wastage model distinguishes between farm level output and retail putput for
maize and peanuts. Some of the farm level output does not reach the retail market due to product spoilage.
However, according to current estimates-(see Table 3) product spoilage amounts to oo more than 5 perzent of
farm level output. Thus at this stage the model does not incorperate produet wastage impacts,

It is also possible to model the international trade implications of aflatoxins by imposing constraints on the
export of medium and low quality maize and peanuts. However apart from Thailand, the other counteivs in
this study were net importers of taize and peanuts in the base year for the study.

The paper focusses on the livestock health and productivity impacts of fungi and aflatoxins in the livestock
sectors, Table 5 in section 2 indicated that farmers that use feed vontaining aflaloxins ineur two nuin losses,
First, Jivestock feeding on aflatoxin contaminated feedstuffs have higher mortality rates than livestock feedng
on high quality feed, Second, livestock feeding on aflatoxin contaminated feedstulT, have Jower feed to
weight conversion rates. We assume that current output levels in the livestock sectors incorperate these
livestock health and productivity impacts. Thus the current level of output we observe in the livestock sector
is lower than it would have been if farmers used feedstuff free from aflatoxin. If the aflatoxin conient of
maize and peaniuts decreases, the livestock sector will experience an increase in oulpul because mortality rates
will decrease and feed to weight canversion ratios will rise for poultry meat, lien egg and pigmeat produgers.

The mam human health effect we model is loss of life due to primary liver cancer attnbutable 1o the ingestion
of maize and peanut containing aflatoxins, In line with recent literature on the relationship between the
ingestion of aflatoxins and the incidence of cancer, we model the number of primary liver canger deaths as
linear functions of the ampunt of aflatosins that people in a country ingest,

Research changes the quality of maize and peanuts by redueing the level of aflatoxins in the products. In turn,
the relative prices of the different grades of produce also change. This will change the demand patterns for
majze and peanuis both in the Hivestock and household sectors,

The main human health effect is that over time the number of primary liver cancer cases will fall as
households consume Jess of the produce containing aflatoxins in excess of 58 micrograms per kilograms,

Kuiper-Goodman(1991, p 81) suggests the following equation Tor estimating the number of primary liver
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CADCEr cases:
< = A +BZ
‘whire

¢ = the annual incidence of - imary Hver cancer e 100, 000 of population;
A = background risk of primary liver cancer per 100, 000:0f population;

B = the the slope of the virrve;

VA = the quantity of aflatoxin an individual consuies in nanograms of aflutoxing. pu* mla.gmm
body weight per day;

BZ s the gxvess.risk-of primary liver cancer over (e background risk, A, per 100, 000

persons per year from the consumption of foodstuffs containing aflatoxins.

Ruiper-Goodman(1991, p B1) reports that on the Basis of gcological studies in Kenya, Swaziland, Thailand,
and Mozambique, the values of A and B are 2.2 and 0.106, respeetively, for males and females combined.
He modifies these figures by multiplying them sith 70, the lifespan of humans to get an approximate lifetime
risk C¥ of

C* = 154 + 1.4 Z.

“We use this equation to-éstimate the-number of primary liver cancer cases in the thiree Southeast Asian
countries, ‘We use thedistribution of aflatoxins in Table 1 to estimate the amounts of aflatoxing individials
econsume cuerently. Similaily when tesearch changes the quality mix of maize and peanuts available, we
estimate the new levels of aflatoxins individoals consume and derive an estinate of the number of primary
liver cancers under that scenario,

We use these estimates of primary liver cancer cases and an estinute of the value of Hife to arrive at the cost of
human life corresponding to the use of foods containing aflataxins in excess of 50 mivroprams per Kilogram
of product.




aflatoxing,

| STAGE AT “TYPE OF IMPACT TYPE OF IMPACT
 WHICH
1 OCGURS .
: i: A R‘M Faim level output.of Faenylevel omput of Farm Jevel ottt of
1 LRVEL ; mitise aid-peanuts waize and peanuls maize and peanuts
S IO i Y
‘HARVEST ™ ’ : ‘
Imp act 1 Spoilage of product Spoilape of product Spailage of produgt
1 POST '
luarvest |
! | Quality changes due fo (’nugl anit afliftoxias, A-geading of maize and
‘ - Impﬁ‘ﬂ 2 peanits leads e three qualities of product.
mgh quality Nadium yoafity mgh quatity
{Conrains fess than S0 {Uonidine less beivween tontaing mare than 306
micrograms per kg of 50 and 30 migragrams - micrograms per kg of
producs) per b af producty product}
4 X X
L EXPORT e High quality produce i Mediom quality produce  Low quality produee ix
SECTOR D acceprable for expon is upseceptahle for unsecepiable forexpont
T exparn
§ Impact 3
| DOMESTIC U i U
W FEED i
Ijmp_act 4 High guality - nid Medium guality - Low guaiity:
i} negative impacts an 1 inpreased hvestiock 1) increased livestock
Tivesock nnrality mornality
B oeduced foed o 2y redused feed to
weight copversion weight eonversion
- LIVESTOCK Chicken, Ducks, Hen Chicken, Ducks, Hen
AFFECTED spp layers, plps epg layers, pigs
DOMESTIC ‘ High quatity . nil t Wediom quality- humn Low quatsy heoan
FOOD = health afftcts health effects health effects
Impact 5
Figure 1 A schematic representition of the modet for the valuation of the impacts of fungi aod




32 Acomplete fistinig of {hemodel

Ideally this analysis would use a general equilibrium model or an explicit model of supply and-demand for
maize, peanuts, and the livestock sectors whose supply functions depend on the aflatoxin content of maize and
peanut feedstuffs. At this stage there is no such strugtural econometrie model for use in the evaluation of the
impacts of fungi and nflatoxins, The approach we adopt here involves making firstsorder approximations to
the quantitative effects of changes in exogenous variables using equilibrivm displacement modelling. Using
this approach, one can make reasonably accurate quantitative estimates of responses to changes in exogenous
varibles (Piggot et al, 1993, p 169-189):

) provided one is cantent to confine - analyses to small (say, 10 percent or less) changes about an- initial
equilibrium; and V
» pravided one is prepared to assumie elasticity values,

Equilibrium displacement modelling provides a first order approximation (o quantitative effects irrespective of
of the underlying functional forms; it allows one to examine how changes in exogenous variables sffeet each
endogenous variable after the system has fully adjusted to the changes. A convenient way of measuring these
general equilibrium impacts when only a single exogenous variable changes is through general equilibrium
elasticities, These elasticities show the percentage change in an endogenous variable due to a one percent
change in an exogenous variable after full market adjustment. This section lists the complete market model
and derives the general equilibrivm efasticities for use in estimating the social welfare costs of fungi and
aflatoxins.

This approach enables us to estimate the percentage change in price and quantity for the enodegenaus
varibles inthe model, These together with the base year data are enough lo yield estimates of annual welfare
yaing arising from a reduction in aflatoxin contamination of food and feedstuffs,

Notation

The paper uses the following notation to represent the quantities and prices of commodities a country
produces:

Yifood the farm level supply of wiaize as food with the corresponding farmgate price P f;
Yifeeq the farm level supply of maize as feed with the corresponding farmgate price Pigs

Yiyr  the retail supply of high quality maize, which is maize containing no more than 10 micrograms of
myeotoxins per kilogram of product with the corresponding price P ;

Yipe  the retail supply of medivm quality maize , which is maize containing 10 to 300 micrograms of
mycotoxins per kilogram of product with the corresponding price P and

Yy3p  the retail supply of low quality maize, which 1s maize containing more than. 300 micrograms of
mycotoxins per kilogram of product with the carresponding price P ¢

Yofopd the farm level supply of peanuts as food with the farmgate price Pyp

Yofeed the furm level supply of peanuts as feed with the farmgate price Pyg

Yair  the supply of high quality peanuts, which are peanuts contning no mere than 10 micrograms of
mycatoxins per Kilogram of product with the price Py,

Yy,  the supply of medivm quality peanuts , which are peanuts containing 10 to 300 mierograms of
mycotoxins per kilogram of product with the price Py, and

Ya3,  the supply of low quality peanuts - peanuts containing more than 300 micrograms of mycotoxins per
kilogram of product with the price Py ;

My the total postharvest costs (drying, transpott, grading labour costs, ete) for maize;

My the total postharvest costs (drying, transport, grading Tahour costs, ew) for peanuts;

Pyy for the retail price aiee;

Py, for the relail prive peanuts;

Yy the retuil quantity of maize;

Ya, - the retail quantity of peanuts;

8y is percentage of maize spoilt by fungi and aflatoxins between the farm and the retail market;
g is percentuge of peanuts spoilt by fungi and aflatoxing between the farm and the retail market;
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&y is.the percentage of maize whicliis ofhigh quality;

&1 s the percentage of maize which is of meditm quality;

&j3  isthe percentage of maize which is of low quality;

Eyy s the percentage of peanuts which are of high quality;

gy iy the pereentage of peanuts which are of medium quality;

3 is the percentage of peanuts which tire of Tow quality;

Ajy is the amount-of aflatoxins per Kitogram of High quality grainyi=1, 2;

Ap is the amount of aflatoxing per Kilogram of medium quality grain; i=1, 2
Ay is the smount of allatoxins per kilogranyof low quality g,ram* i=1,2;
PLC;  is the number of aflatoxin related deaths dve to consuming grain i; i=1, 2;

Y3 is the supply of poultry meat with the price Py;
Y4 is the supply of hen eggs with the price Pg;
Ys is the sup;. sigmeat with the price Py

Yo is the supply or other goods with the price Py

Dife  isthe demand for maize as a feed in the livestock sector;
Dyfp isthe demand for maize as food in the household sector, |
Doye- s the demand for peanuts as a-feed in the livestock sector;
Dafo s the demand for peanuts as food in the household sector;
D3 is the retail demand for poultry meat with the price P3;

Dy is (he retail demand for hen eggs with (he price Pg;

Dg is the retail demand for pigmeal with the price P

Dy is the retail demand lor other poods with the price Py

The stars (*) denote equilibrivm quantities.

Following is the complete model. The rest of section 3 discusses these equations in detail. A complete

listing of the model 4t the beginning may assist in clarifying the links between the different parts of the
model.

Maize market

Yifood = FiiPig Pag P3, Py, Psu)s (Farm level supply of muize food) {n
Yifoed = FifPigs Paps P3, Py, Psuhi (Farm level supply of maize feed) 2)
Py = f(Pyp My, 8y) (The retail price of maize)

Yy = F1ePip Pop Py Py, Py, B (Retail sector supply of nmize) 3)
Yip = Yiir + Y20 +Y53c (The sum of the suppliesof the 3 grades  (4)
Rifg = DitotPip Pop P3, P4, Py, Income); {Demand for mmze as household food) (5)
Dig = Dige(Pip Papy P3, Py, Ps, Income); (Demand for muize as livestock feed) 6)

Maize market equilibrium:

Y1 food* = F1e(Pryp Pap P3, Py, Ps, 82); (Equilibrium: supply of maize as food) (7)
Y fosd* = FiPyy Pop Py, Py, P, 80)i (Equilibrium supply of maize feed) (8)
Difoodx = Dyg(Pygs Pope Pay Py, Ps, Income)i(Equilibrium demand for maize as foad) (93
Difsed* = DaelP e Pope Py, Py, Ps, Incame)i(Equilibrivn demand for maize as feed)  (10)
with

Yipre = Dyfox + Dypex an
Ay = Dy (A1xEp 1 +A12xS12+A 1338 3)  (Total aflatoxins from peanuts as food} {12)
PLC; = PLCy(A)) {Aflatoxin in maize liver cancer deathsy  (13)
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Peanuts market

b\ =

\‘%Fﬁ =

Py =

Yor =

Yo = i : sup

Dy, = D&!F()(Pl o Pgr, P3 Pys Pg, lncome),k (Demmd lnrpeamﬁs a5 hﬂummld mod)
Doy = DZM 1o Pap P3, Pyy Ps, Income); (demand for-peanutsas livestock feed)

Peanuts marker e'r‘(uilil}riwft:

Doggx + Dajper

¥3 = Fa3(Pyp Pop Pay Py P50 Yy, Yz, Yip. Yi3 B (Supply of pouliry meat)
Y4 = FalPyp Poyp, Py, Py, Py, Ym. Yi3. Yi2: Yi3 3 (Supply of hen eggs)

Y = Fs5(Pip ng P3, Pgu Pg, Yi9, Y34 Y2, Y3 2 (Supply of pig meat)

Dy = D3(Pig Pop P, Py, Ps ., Income); (Demand for poultry meat)
Dy = DyPyg Pops By, Py, Ps, , Income): {(Demand for hen eggs)

Dy = Ds(Pyp, Pog Py, Py, Ps, , Income); {Demand for pig meat)

Livestock marker equilibria

ood* = For(Pyp, Pops Py, Pay Ps, )i (Bquilibrivm supply of peanuts as food)

Y. feed* = ForPir. Pop Py, Py, Ps, 85 (Equilibrium  supply of peanuts s feed)
Dgfak = DagolPies Poys P3y Py, Ps, Incomed; (Bquilibritin demand for peanuts 4s food)

= DogePipe Pg,. P3, Pys Ps, Income); {Equilibrium demand for peants as feed)

o : .
= Dapsx (Ao xEpq+AgoxEny +AggxEas)  (Total aflatoxins from peanuts as food)
P PLCo(Ag) (Aflatoxin in peanuts liver canver deaths)

(4

s

6)

(18)
(19)

0
@n
22)
@3

(24)
(25)
(26)

@
(28)
(29
{30y
(31)
(32

Yae = FatPy Pop Pa, P4, Pgy Yo, Yig. Yo, Y30 (Equilibrium supply of poultry )  (33)
'Y'4* = Fa(Pyg Pap P3, Pau Ps, Yy, Y3, Yo, Yyah  (Equilibrivm supply of hen epgs) (34)
Ygu = Fs(Pyg. Pog P3, Py, P5,Y o, Y3, Yo, Yi3)i  (Equilibrium supply of prg meat)  (35)
D3x = D3Py Pog, P3, Py, Ps , Income); (Bquitibyiim depand for poultry meat)  (36)
Dy = Dy(Pig Pap Pg, By, Ps, , Income); (Equilibrinm demand for hen eggs)(37)
Ds;:: = DstPif. Pog: Py, Py, Ps, . Income); {Bquilibrivm demand for pig meat)(38)
with ,
Yax = Dy (39)
Yar = Dyx (40)
Yga = Dg» (41)

In the supply equations for livestock the quantites of medium and low quality maize and peanuts feedstuffs
are exogenous variables. These quantities depend on other variables which are outside the scope of this
model. - However, the informution in Table 5 on the effects of aflatoxins on fivestock indicates how the

livestock sector could respond to changes in the level of aflatoxins in feedstuffs,

3.3 General equifibrium elusticities

The model involves 14 equilibrium equations: equations (7), (8), (9), (10, {20), (21}, (22), (23), and (33)-

(38). In thess equations there are 14 endogenous variables and 5 EXOZUNDUS,
The endogenous variables are:

the quantity of maize food;
the quastity of maize feed;

* the quantity of peanut food;
the quantity of peanut feed;
the quantity of poultry meat;
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the quantity of hetvegps;
the quantity of pig meat
the price of maize fond;
the price of maize feed;
thprive of peanut food;
the price of peantt feed;
theprice of poultey meat;
the price of hen egys;
the price of pig meat

The exogenous variables are:

household income

the quantity of medium quality mwize
th-quantity of Tow quality maize;

the quantity of media quality pednut; and
the quantity of Jow quality peanut.

A convenient way of measuring general equilibrium impacts is through general pquilibrivm elasticities,
Piggot &1 al.(1993, pp. 169 - 189) deseribe the provedure for estimating the general equilibrium elasticities
starting from a set of equilibrium determining equations in a framework where the analysis uses 3 general
function model. The procedure involves total differentiation of the set of eguitibrium determining equations
and wses demand and supply elasticities,

The matrix of general equilibrium elasticities is then equal to the product of the inverse of the matrix of
demand and supply elasticities and a matrix of elasticities with respect o a set of exagenous variables.

Appendix 5 gives details of the matrices of demand and supply elasticities, their respective inverses and the
general equilibrium elustivities for Indonesia, Philipines and Thailand.

34 Estimates of the sacial costs of fungi and aflatoxins inmaize

We estimate the soctal costs of fungi and aflatoxins by asking the following questio:

haw do prices and quantities that are endogenous to the model change when there is a reduction in
the quantity of low quality maize hy 10 percent 7

The general equilibrium elasticities matrix provide answers to this type of question. Two of the columms in
the matrix give the percentage changes in endogenous vanables in fesponse o & ope percent change in fow
quality maize and fow quality peanuts.

Since the general equilibrium efasticities matrix leads to estimates of changes in endogenous vanables, it 1s
possible to estimate the change in total economic surplus associated with a 10 per cent chiange in the supply of
low quality grain using formufea in Alston (1990, pp 24-33), Adding to this the change in the cost of life lost
due to consuming aflatoxin contaminated food yields the total social welfare change due to a 10-percent
change in the supply of low quality grain.

Tables 6, 7, and 8 report estimates of the social welfare costs of fungi and aflatoxwns saved when there 1s a
redugtion in the supply of low quality maize by 10 percent. Using the same model to estimate the welfare
gains associated with a ten percent reduction in peanut aflatoxin contammation suggested that the net Laing
werg zéro. The estimates in Tables 6, 7, and 8 are preliminary and are conditional on the elasticity matrices
in Appendix V. They are associated with a 10 percent reduction m aflatoxins in the fow guality grain oaty,
not with total removal of aflatoxins.

These estimates suggest that a 10 per cent reduction in aflatoxin contamination in low grade maize could lead
to annval welfare gains of ahout § 2.9 million dollars (Austialian) in the 3 Southeast Asian countries
{Indonesia, Philipines and Thailand), Most of this benefit accrug to the lvestock sectors where aflatoxin
contamination leads to econmic costs in the form of increased mortality rates and reduced fued to weight
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‘The-change in-maize food consumption followingaten percemt reduction in the: aflatoxin contaniination of
Tow quamy 72 does not lead to perceptible changes in the number of primary Tiver caiicer cases in any-of
the three countries, This may be due to the fact that the model does not incomorate enough of the dynamic
aspects of the relationship-between aflatoxin ingestion-and the incidence of primary liver cancer,

The initial objective of this project was toestimate ihie total sociad costs associated with-aflmoxin
contamination of graing, Wilh an equihbrium displacement model it is not: ‘possibla Yo-estimate the tolal cost
of humian lives assogiated with =flatoxin ity grains. 1n order to estimate the the total vost of aflatoxin aflatoxin
selated primary liver canese 8 model similar fo one: pmfmsui by Martin and Alston (1993) is neosssaty.

Tahle 6 Tndonesia: Net social welfire pains associated wiih a 10 percent reduction it low quality maize

SECTOR CURRENT  CURRENT  CHANGE IN ECONOMIC
OUTPUT  PRICES SURPLUS
(MT, 1991) __$A, 199} (SA 000
*Fhousands
MAIZE FOQD 4834 170 $0
MAIZE FEED 960 170 $428
PEANUTS FOOD 932 1493 $0
PEANUTS FEED 35 1493 -$124
POULTRY MEAT 498 973 $155
HEN EGGS Eive) 1144 $407
PIG MEAT 275 1537 $345
SUBTOTAL m m i
COST OF LIFE na ;1 0
LOST
TOTAL ' $355

Table 7 Philippines: Net social wellare pains associated with a 10 percent reduction in low quality maize

SECTOR CURRENT CURRENT CHANGE IN ECONOMIC
QUTPUT PRICES SURPLUS
{MT, 1991)  $A, 1991 ($ A 000}
Thousands
MAIZE FOOD 905 253 $0
MAIZE FEED 3668 253 51 839
PEANUTS FOOD 36 765 $0
PEANUTS FEED 7.3 765 $10
POULTRY MEAT 102 973 $127
HEN EGGS 267 1141 $383
PIG MBAT 650 1537 $1248
SUBTOTAL na A ‘ o3
COST OF 1IFE na na 0
LOST
ToTAL 592
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Tuble 8§ Thailand: Net social welfkre gains associated with & 10 percent reduction in low quality smaize

SECTOR RENT  CHANGE IN ECONGMIC
JIT  PRICES SURPLUS
JSAI991  (SA'000)
MAIZE FOOD 0 137 $0
MAIZE FEED 2216 137 ~$1 509
PEANUTS FOOD 103 1083 $0
PEANUTS FEED 27 1083 , $116
POULTRY MEAT nI 973 $751
HEN EGGS 474 J141 $1 703
PIG MEAT 340 1537 $1 540
SUBTOTAL _ e m $2351
COST OF LIFE na i 1]
LOST
TOTAL T R

4, Conclusion

This paper has deseribed five impaets of fungi und aflatoxins which ane important i the agrieulural sector. 1t
hias also used an equilibrium displacement model to arrive at preliminary estimates of the soeial wellare gains
associated with reducing aflatoxing by 10 percent in fow quality nimize. These estimate include the costs
assogiated with three of these unpaets, namely;

quality derioration of products due to fungi and aflatoxuns:

# increased mortality rates and reduced feed to weight gain conversion ratios in the poultry meat, her
egps and phy meat hivestock sectors; and
] the mutagenic and varcinogenic effects of aflatoxins oo hwmans,

Most of these costs are bosne by the livestock stock. However there is s need for 2 model for the estimation
of the total social cost (inctuding the human Hife costs) of afatox contamination of grains. Work 18 in
progress aimed at developing such a model along the lines proposed by Martin and Alsiont 1993},
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APPENDIN 1. FUNGI AND COMMODITIES THEY AFFECT
COMMODIT FIELD FUNGI SPOILAGE FUNGI MYCOTOXIGENIC FUNGE
Cashews Cladosporium cladosporivides; Chactomium spp Aspergilivs Taves@©S
{Aftoxin- Nigrospors oryac
high-risk) .
Cassavd and Lasindiplodis dieobromag;
1. Sweet potate Mipraspora sryzae, Phoma sp e , ) . S
Copra Nigrospora aryzae Chaetomugm spps A. famart Asperpilius Nlavus@S
tAflatoxin-high
Maize Nigrospora oryzae: Covalaria pallescens; € funata; €. | Asperpillus miger; Chactomiom spp. | Aspergifiuy Savis®2; Pusarium
| eAdlatoxin-high clivata: Laswdipladia theolromae; Bipolaris maydis; Pemmetiivm citrinum®: moniliforme®@, F. semitectom
' rsky Anhrimun phacospermum.  Rhizopas oryzie; Phoma P funiculosum®; A, wenin
. . herbarumy: Rhizoctania solani . RS .
Peanutst Aflate Clad it cladesporinides; Lasmdiplodia Aspergillus niger; Penicilium Aspergillus Davus®E
sme-hagh risky theobromae; Pestalotiopsis guepimi pinophitom®; Chaetomium spp
Rice Bipolarss maydis, Fusarium semitectuny;, Cladosporium | Altenaria padwickic AL alternma ; |
tAflaoxi-high | cladosperiesdes, Nigrospora oryzae; Corveliri luonta, A, longissima
nisks € peptiewlatus, € aryzae, €. eragrostidis, €
putfeserns, Phoma sp; Colictotrichum sp.
Surghum Prpodars maydis. Fusanuny semitectim: Cladesparium Aspergiflus niger. Burotiumy Aspergitius favas®@; Fusarigm
cladosponodes; Nigrospor oryzae; Curvilaria lunata, chesalieri; £ rubruny, monilifarmie; Penicillium citrinum,
T pallescens, Phoma sp. Setosphacria msteata Chactomium sp i Altemans Jopgissima, A, alternata
Soybens Arthrisios phucospermum; Lasiodiplodin theobramae, Aspergillus mger; AL wenlii; A | ' -
Pysanum septectum. Cladesporimn ehalosporioides; restrictus, A, pesteillisides, Aspergiius flaves
Nagrospora oryzae: Curvulirm himata, Copallescens, Egrotium mbrum: Eupen. Fusarinm moniliforme
Phoma sp, Epieoveum nigrany, Pestalotiopsis gueping | cinnamepurpureum, Chadtominm sp. Penieilfium chirinum
Alternaria silepmata
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APPENDIX 1 (cont.).  FUNGIAND COMMODITIES THEY AFFECT

COMMODITY

FIELD FUNGI

SPOILAGE FUNG!

MYCOTOXIGENIC FUNGT

- High sugar foods eontectionery,
dried fruits and jamsy

A restrictus
Eurotivm species
A cundidus
Wallemin sehi
Xeromyees bisporus .
Chrysogporium speeies
Eramasens species

Zygosaccharonivees rouxii |

Dried meats and meat products

A. Testrcius

Euratium speeics
A, candidus

Wallemia selbvi

Anitnul preducts
‘ {imilk, cheese)

Dried sextood products

Palypacctlus pisee
Basipetespors halophila
Aspergitus specics
Buratiem species

A wenliy

Nata: © in the ke denstes that 4 fungt is conmmon i Seuth East Asia
D6 i the tabke denotes that the fungs 45 veey coraman o South Bast Asia
F. mondiforme is the somse of the Grmonising, oxins known torbe pespay.
parts of Ching and sobthern Africa.

Sources: Champ, Highley, Hocking and Pitt ¢Eds. 1991
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© APPENDEXII

. ’J*as!,s identified f‘mxr closely-related uonsscent compounds which were responsible for the toxic activity in
. These four compounds were generically named aflatoxing By, By, Gy, and Gy (ses Figure IL1),
The fetters B and Gdunote Blue Huorescenve and green fuorescence mspx:etwt,l}

: ﬁnbsequgznt Studies of aflatoxin production demonstrated the ability of Aspergillus flaves 1o producs
exelusively By, and By wiaare«w Aspergillus parasitions exhibited the eapacity to produce all four wxins.

Pigure 1.1 Structural formulae of aflatoxins By, By, G, amd Gy,
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APPENE REGULATIONS

“The Southeast Asian region ineludes the following cauntries

However, this study fcuses on only three of these: Indonosia, Pldlippines and Thailand

Table 111 summarises affatoxin regulations in selected western (includes Japan) countries which form
the-major export markets for Southeast Asian, since a major concern is the effect these regulitions have
on-export-inarkels:

Table 1.2 summarises aflatoxin regulations an the Southeast Asian region

The following conchusions can be dravn fron the talile:

» there is considerable wariability in the tolerance Jevels of different markets to allatoxin
contamination,
» generally, the tolerance lmits are lowest in the case of foods for human consumption and

feedstufls for dairy cattle, young cattle, yorng pigs and birds,

s supplementary feedstufls have higher tolerance levels presumably heepuse it 15 assumed that
other sourees of feedstulls would somewhat dilute the aflatoxin effect,

. only four countrics in the Southeast Astan region are reported to have aflatoxin tolerance limits
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Tahle 1114 AFLATOXIN LIMITS (ugKILOGRAM) FOR SELECTED 'COMMODITIES BY MAJOR {(WESTERN) IMPORTING -
COUNTRY (1991)
COUNTRY AFLATONING | ALL ALL | SHIER PEANUTS | NUTS TMARZE T FEEDSFOR | FEEDSTUFFS | FEEDSTUEFFOR |
HUMAN | BABY | () { SEEDS FEMAIZE | DAIRY & | FORPIGS & | BEEFCATTLE.
FOODS | FOOD | CEREALS | PRODUCTS | YOUNG POULTRY SHEEP.
. (CATTLE | GOAT
PGS, (NOT YOUNG)
) ) BIRDSYe) ) E
| T Allatexin T 30% 35 (53 P 30 207 2% 1208 5007
BL-B2+G1+G2 , _ Allatoxin M1 ~ .
1 Tapan Altatoxin B1 1o 1605 | Notspecified | 100 (B I 11a® 267 0%
) ) Afiatoxin M1 ) ) i 1
Enropean Aflatoxm Fie30r | B | Not speaified o 500 P30t oS00 T 12050 300
1 community | B1-BI-Gl-G2 1 Affatoxin M1 , N8 3058 so%8
- i ] : e d sppted i ,?j; Ig&k i goﬁ;h
~ Belgium Aflatoxin 881 = 5% gis 5% K 5 ¥ & X
: Aflatoxin M} ; 3
Denmark Aflatoxm NS NS Not specified 108 0 Tk 1% k
B1+BI-Gl+G2 Aflatoxin M1 | ] |
France Aflatoxin 02 g1 Tk 1k Tk
BI+B2-G1+G2 | 108 s Aflatoxin M1 futpastesy | §* R } 1 1
Germany Allatoxin BI NS N3 G05% & b ‘ Tk ¥ %
- 1 Aflatoxin M3 304 2 i 2
Affatoxin NS NS 1t iy [ R ko
: | B1-B2-G1-G2 4 4 v
Gresce Alfatoxin Bi NS XS [ &l EGl k. ¥ Tk
Alhatoxin NS N§ Notspecified = s & Tk k 3
Bl-B2+GI-G2 Adlatoxin M1 I -
Treland Ablatoxin B = 1k Tx Tk
Affatoxin Not spesilied k k ik
BI+B2-Gl+t2 | Aftasoxin M1 . ] 1
Ttaly Aflatoxin NS 1 Notspeeitied - Tk TR K
| BI+B2G G2 Ahaovin 842 { 30° Ei 36 4 :
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COUNTRY (1991) : |

F COUNTRY WLATOXNING | ALl ALL P MILK 0 | PEANUTIS | NUIS MAIZE ] FEEDSFOR FEEDSTUFFS | FEEDSTUFEFOR |
HUMAN | BABY | (oY SEEDS RMAIZE DAIRY & | FORPIGS & | BEEFCATTLE,
FOODS FOOD | CEREALS | FRODUCTS YOUNG - | POULTRY SHEEP,
ATTLE 4 GOAT
PGS | (NOTYOUNG)
i | BIRDS) .
- Luxembourg Aatexr Bl | N§ ) Nuvspecitied ] 3 k k B
3 ) b ) 4 Allatoxin M1 b ) _ X _— 1. ko
Netherlands Alwoxin BT | & T [oosomh | o0 ' B ko i3
02 3%Cheese
Fartugal Afmosm Bt | 200 E Novspeeified | 2%° T T Tk iR
‘ ; _ AMioxindt_{ N ‘ , L A
- Spain i Ao B8] 1 5% ] ) ) L L 3 ko % R
- Britam Allatoxin ’ Natspecified ) ) ix I TP
, BU-E-Gi-G2 | Wt I AflaoxaMi 1 18t W e i
Nates

NS denetes that the aflatoxin humit 1s not specified.  However, some countnies rely instead on general food legislation that profithits the introduction-or
recerpt for commerce of food containing substances injurous to health.(Van Egmond. 1991).

fay From Gilbert (1991}

by From Van Egmond(1991).

<} When dasry cattle are fed feedstutt contaming aflatoxin B1, some of this toxin is converted by the animal into aflatoxin M1 in milk. Tn some
countries feg LK) the absence of specihic reguiations for aflatexin 81 in milk (s because of & helief that if the animal-feed regulations for aflatoxins
are oheyed, then aflatoxin M1 should not be detectable 10 milk at a limit of detection of 0.05 {tefke. (See Gilbert, 1991},

tdy This Tt apphes 1f the buyer 1s an Enropean Community registersd manufacturer.

(e} The acceptable level of aflatoxms For dairy has to be set av such a Tevel that 1t does not Jead to detectable fovels of aflatoxin M in milk products,

f) This 1s the pre-1991 limut for complete feedstuffs. The pre-1984 limit for these feedstuffs was 20 micrograms per kifogram of product,

1) This 15 the pre-1991 hmit for complementury feeds.

{hy This limit applies to both complete and complenentry feedstuff since 1991,

{3 Pre-1591 Linuts.

m Limsts from May 1991

* European Economic Commumty hmit applies.
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Table 112 AFLATOXIN LIMITS (u/KILOGRAM) FOR SELECTED COMMODITIES INSOUTH EAST ASIA (1991}

COUNTRY AFLATOXINS ALL ALL MIEX PRANUTS | NUTS | MAIZE COMPLETE | COMPLETE | COMPLEMENTARY |
i HUMAN BABY ] SEEDS &MAIZE | FEEDSTUFFS | FEEDSTUFFS [ FEEDSTUFES FOR
FOODS FOOD CEREALS | PRODUCTS | FOR FORPIGS & | CATTLE SHEEP,
DAIRY POULTRY GOAT
CATTLE & | (NOT YOUNG)
- YOUNG
{CATTLE
. i _PIGS, BIRDSy
Burma Affatoxin SLimuts ALamits ILimits L rimits Hdmits PLimits “Limits- ALimts
{Myanmary Bi+B2+GI+G2 may not may ot may not maynet | maynot may not may-not maynot
) ) exist exist 2xist exist #Xist exist | exist Loesist
Cantbodia Aflatoxin UL mits HLimts Aimits amits | *Limits Liots | ALmis | *Bioits
BI-BI+G1+G2 may hot may not may not may pot may not iy nat | maynot | maynot
) exist exist exist . exist 1 exist deast ] axis L boewist 3
Indonesia Allatoxin Warts s “ALimits Wit SLamits | SLamits - | Slimits “Limits E
BI-B2+G1-32 muy not maynot may not may not M not may not may not -} midynot
] st exist gxist xSt § sost RN ewist o boenist
Laos, POR Aflatoxm 1 “Linuis ] 2amats ] Lamits Apamits | “Limits amsts | *Limis 0 | “Limis
B1-B2-Gl=(2 may not { mavam may ol may not may not may not . mayriot § iy not
. exist [ exist axtst Sust xSt _exist 1 exist } exist
{ Malaysia T Aftatoxin. BN EE 35 Cmits | 35 T3 a0 | Phms | amits v
B B2+ (52 may not i ] Ay not 1 maynot 1 maynot
_fexigt I . . ol mast ___} exist Nt
Philippines Aflatoxin B1 207 ALimits 209 T30 300 Simits | Yamits T %imis
may not maynot maynot 4 maynot
. . 1 exst k ) o exist - fexist pexist
Singapore 1 Aflatoxin Zers™ Zero” Lamits Zero? Zero® ZeroP ] “Limiws { “Limit SEimits
BI+Bz-Gl-G2 may nof 4 maynol maynot 1 maynot
exist | . . 1 eyt | exist axist
Thailand Aflatoxin 0" A imus 367 20> 200 1 “Limits A Limits AL imits
Bl-BZ+G1 «32 miy not maynot maynot may not
XI5t . e exist ‘exist . B
I Vretnam Aflatoxin Zera® A imits Zera® Zers® Zero? Aimits | Limis 2Limits
Bi+B2-Gl-32 iy not maynot may uot } maynot
exist ) g ISt ) exist exist,
(a} A fterature searcl to date has not revealed the exisitence of regulations specifying aflatoxin Timits in these. However, {his Hturature search has been
limited tw literature tn English (scc Van Egmond, 1991, page 2013, Thus it is possible that these regulations exist in the official langnages of these
countries.

i3] Infermaton from Van Egmond(1991)
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APPENDIX IV:

DATA ON MAIZE, PEANUTS AND SELECTED LIVESTOCK SECTORS IN INDONESIA, PHILIPPINES AND THAILAND

TABLEIV.I INDONESIA: SUPPLY OF AND DEMAND FOR MAIZE (CORN) AND PEANUTS [GROUNDNUTS) IN 1991
| ROW VARIABLE 1 MAIZE PEANUTS (GROUNDNUTS)
NUMBER {CORN) .
SUPPLY SIDE ,
151 Area harvested (Hectares "000) EREN | 6285
52 Yield (Metric tons per hectarey 2.1 1.78
$3 | Production (Metric tons "000) 64458 10568
34 Imports (Meiric was "000) 1% 53t
s3 Total supply = S3+54 (Metric tons "000) 6445 . 1169
DEMAND SIDE Meuric tons (CBO0) {Percent of §5) Mutric tons
£000) {Percent of $5) }
>} Seeds 129% (2.0 percent) et ]
] na
D2 Exports ob i0.0p ) 2 10.30. gzerv:::m)K
D3 Use as staple food jn Tndonesia 48344 1 {75 percent )@ 932 184 perowan)! '
D4 Use as feed in the ponltey meat indusiry 408° 6.33 p ¥ 15 {1.38 peccent)™
Ds Use as feed in the hen egps industry 327° {5.08 pe Y 12 _{L.11 pereeny™
o6 Use as feed in the hoe industry 233¢ €3.49 percenty F {376 pecceny)™
7 Use as feed in the beef catle industey 151% | (2.35 percent) 16 {051 percenty™
DY Use as feed in the production of sow milk { 263° | (4.06 percent} 13 {0:89 percenty
o Uss as feed inthe goat meat industry 34 @69 pm::m) {2 0.2 percenty™
Do Othrer uses - industrial usestoil, starch, glue, : Y | 8¢ {1.9 pcn:s:m} 122 (11 percenny®
TOTAL (D1 TO DRy 6445 {100 pereenty E T (100 percent)
W Spoilags due to farpi and ins {Percent) o} ) {26 percentyt
fo3 CIMMY T2

ib) Nataredjn and Holid 11993, Table 5) shows that in 1990 nnd 1991 there were aeither imp
1 This 14 basext an Labaidan (1997 wha esti thay seed are about 2 percentaf pmdumnn
¥ Piggot, Parton, Trenigold and Hutibarat (1993, p. 100)

of com.in.dnd:

{3 Hused on the Piggot ot al. {1993} who estimate that feedstuffa-are about 22 percent of the toral farm level prod f maize in fnd d the relative sizes.of livestock: industresin Table IV.4.
£ See Tuble 3 for some wastage stes by product quality ’

i) FAO{I992, Table 3% on groundnuts in shell).

thy FAG(1992, Table IR on groundouts in shell). This is un estimate by FAQ based-on unofficial information.

3 Onthe buss of Flecher, Zhang and Cardey (1992, pID. tmpons arc abeut 3 ¥ 5 of production in Ind Ind has Been an importer of peantits since: 1979 {Piggot-ctal, 199%,p. 106}
4y Notavailuble Flewher, Zhang and Casley (1992, p31) includes seeds in the other use cnlegory.

Gk} From Fletcher, Zhanyg and Carley {1992, p311 exponts are sbout 0. X persert of total maize reduction.in Tndonesia.

€ Fletcher, Zhang uiwt Carley (1992, p313. Botremuand Altemeier (5990, 192 notes thu groundput iy primarily used for snucks, and jon:is about 2.5 kilog pita per year.

tm} Fletcher, Zhang and Cacdey (1992, p31) estimated thay sbaut §
) Fletcher, Zhang and Cardey (1992, p31)

of Indunesin’s whs uded as erushiod pennut cake mest feod. [or fivestock and tabile TV 4,

¥




t CIMMYTHIYOD). Labodan (E9937 mdichtes that white comi Forms §1 prricntwnd yellow com forne 39 percent of nutionnt pmdoctmnfcom in: Philippines. ‘White com tkeaup 72 percent
anid yellow com 28 perventaf aren harvested. Yiekd per heetare in-higher for yellow soon at 175 tonx per hectare compared b ¥ 08 tons. mhxwe foe white-com {Labsdan{1993, Tnﬁia 3.4
amt 33

TABLE V.2 PHILIPPINES: SUPPLY OF \lAIZE {CORN) AND PEANUTS (GROUNDNUTS) IN 1991
| ROW VARIABLE ‘Mﬁuﬁ 1 PE@\HL’FS LGRB(?NDNWS}
NUMBER ‘ (CORNY ‘
] | SUPPLY 5IDE . L
181 Area harvested {Hestares (000 136902 | 458
s2 1 Yield fMetre tonsper hectare) 1.3% 1808
51 Production letric taris 000} A677% 350
54 Inperts (Metric tons '000) v 3487 gt
S5 Total supply = S3+54 (Meteic tons "(00) 925 . N o s .
DEMAND SIDE Metrie tons (000 | (Percentof $33 | Metrictons
: . LU000y {Perient of S5)
Dl { Seeds 1 101° 1 Cpercent)® 1 pal h&‘ L
D2 | Expons [ 1 @ percea® ~_{ 0% , e
D3 Use a3 staple food in Phi!xp_gms-s 905 18 gmni)" LT 2 :nt?"" )
D3 | Use as feed in the posliry meat industey 1 830 £17.5 peren)® F 344 {28 percentyt
D3 _Use as feed in the hen eges industry L 778 1618 8 percedo® | 3.2 1 pe
056 Use ax feed in the hop indusice 1 2010 140.0 perceas® | 1.7
D7 | Usc as feed i ihe beef canle industey 230 $Spervent)® 10
D3 'Ju: as Teed 10 the produgtion xxf sow itk 47 09 pergenty . | ;
| DY { Use as fecd in the pout meat industry | 75 (Spegenny® 10 -
DIn Dther uses - industria) asestoil, stagsh, glue, sweetenetsy | 0 e R Qobvercenty
' TOTAL (D1 TODY) 15028 1 ﬂﬁﬁpmcnn 44 ;
— . 100 pereanty
W Sporage due to fangi and givcotoxing sPereent) ¥ A
Sources: -

by Labadun 1993, Table %) Labudan(i993,p 32 notexs thut ampmmusn hiax been ullowed. inthe pust fialleviate vom shortige in I’!ni-ppma Exponty e 2o,
{3 This s un estimiate based on Labadani 19933 wha estimates soads 2o be about T pereent oF prductivn. .

Wy Labudun (1993, Tulble 9. Thic uible shows there hanbeen a-capid declinie o the percentage of commn used 18 food in the Philippines from 4% petventin 19801641 percentn:| 93510 18
w 991 While corm variety i the ooly variety used Tor food T the Table 18 pervent shire of total com uiad 3¢ food is-squivalent fo shout 45 pereent oF white ;
fer  Labudun (3993, Table 9 One hundred perdent of yellow corhand S5 persent of White paon s used- s foall, The percentages of worh wsed #é feed i the di
i Table I¥.4 and Labedun's estimate that fondy form ahout 80 percentaf- imu{mmi for com @-the | ’hpp%ifu

nsng the el Y
P onrm oy be vsed to 2

stz of Yiv T el

that » complete or miced feed for hogs o poulies containg 56 percent ground worm, Rebong(Ii02, p.64) stitex that 2y much
and chicken need to et about 3 kilsgrans of quality feadsso praduce 1 Rilogren of five weight
6 Sec Table 3 forsome wastage mies by product quality
@y Sec Domingo(14¥¥3Y  The figure iy for 987
) Buresuof Agriculturs} Statistios (1991, page 57 Production hasdropped-from 43 Mk metsie

4y Notaenilable Flecher. Zhang and Curley (1592, p31) includod séediiy the other use category
&) Fletcher, Zhang 4nd Cadey (1992, ;x}n:

i Jobn Pim and Adlsa Hocknay, P i a, BJ

ay i Thalend

1994 extimated that the pattern. of tise of P

34

3 §90% - thea
i Flother stal {1992, p314 estisaled that the Philippines imporad grinndnits equa} o about 25 percent af their wverige production intheperod: 1940 10 1989, There werenaexports,

& Feigad 5 gh
feod.

tage forthe pericd 1980-1987




Table V.3

Thailand: Supply of maize {com} and peanuts (groundniits) in 1991

VARIABLE 1 MaIZE
, | SUPPLY SIDE .
St | Area barvested {Heetarcs "000) 1644%
§2 Yield tMetric tons per hectare) 358
83 | Production (Metds tons "000 435t
54 Tmpons (Metric tons 000 b
55 Total supply = S3-+84 (Mettic tons “D00) 4035 1
T DEMAND SIDE Hetric tong {Percent of S5} Metsic tons00)
£000) . . Perseat o 85
Dt} Seeds 17 8 4 percent® _n3 nat e
D2 | Expors 12065 398 peroent” 10 {6 pereenty |
L D3 | Use ss stanfe food in Thaifund | 0° 1 0.0 percent® 103 163 peroeny
P31 Yse as feed 3n the poultry meat indusiey ¥ 1 25 7 percent” 113 17.3 percenty
| DS 1 Useas feed in the hen ooy industey 886" 1 17.0 pereent! 18 (5.1 pecsentt
D¢ Uise 45 feed i the hop industry 493 122 percentt & @.F perceny
D Use as feed in the heef eutile industry 359° 6.9 percent 3 ] RES
perzenth
D8 Use as feed inthe production of sow milk 335t 8.3 percent’ 4 (2.5 percent)
DY | Use as feed inthe post meal industry ! 004t 18 0 pereang)
D10 | Other uses - indosteial usestoll, starch, glue, | © f 1% 18 percenty’
sweeteners)y ) . e
| TOTAL (D1 TO DY) i 4035 1100 percent 163 ) {mi}?_m:ni;
W Spoilage due to fungi and mycotoxins ' oF £ ‘
| {Pereenty .
a7y CIMMYHISU, pi5)
h Thailard a0t exponer of som,
@) Wattanutehariyy, Pathik Tugsinavisutti, Tvifapomts and Snnit (1991, p.6),
wh CIMMYTII992, p455. Note though i 1960 exparie were 95 persent of Thuiland's naire production by 1955 this had dropped to F8-percent of total productivn-and by 1991 the exporvshars
in 1wl production of mwize 0 Thailand had devppod 1 Tess thar 38 percent (e Wabtiwntcharive et a1, 1991, Table 4. 20} Wiattagutchnriys o sb £1991, p1)nrgiie thataflatoxin
contarstination resulting from improper postharvest Bandling has enntributed w the reduction in-the demand for Thaimaize on the workdmirket, There fias alsiy becir-w shiftin the countscs
theebuy That com from those with siviet mycotaxin regulanions w: those with less stringent mysotodn regulitions fiee Animthong, 1997
) Humnn. consumgetion of masze in Thuiliod 4 slose to zero. Mekvanieh 11992, p 207 sstimates thut he feed indusisy by Thalland constines-up ta 70 pervent of ihe cotiniyy miize prodisction,
tFy The pereentagen of com used s feed tn the different Tivesock secturs are citimated whing the sizes of lvestivk industries i Table TV 4 andithe carlicr-sefiirinte thist feed form 89 7 pescsntof
totat demund Yor com in Thailund :
E54] Sce Table 3 for some wastage rates by product quatity.
thy FAD(IY92, Tuble 38 on groundnuts i shell)y. See-sleo Lampang £199%). : )
tiy Fletcher, Zhang and Carley (1992, p31). The etimates wiee for the penii] 198010 1988 They tncludad seedy in the vither usé citegoty. I the-cise of buman convimpiien, Shask $1971,
24Ty putes that growr zun e a aignificw of dietery wflstoxins-and that i Thailind mostgroundn roenten:b fi-mentys wvally awny from home,
[5}] Binedd on Flercher, Zhang and Carley's (15992, p31y sstimiate thit shot T4 of Thaj peanutin used us vrushed peanut-enkeineal feed: for ivestek plustable TV
T See Tabfe 3 for some wastige mtes by product qustity . -
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TABLE (V.4 OUTPUTS OF SELECTED LIVESTOCK INDUSTRIES AFFECTED BY FUNGI AND MYCOTOXINS
{1991y : S
s e S
HEN PiG HEER & cow
HGGS MEAT - NEAL . MILE

eovkmies jwn‘s
peeror. :

production @ | Mewrorons ] 408F  apoF  27sF  awsF o anof 4 ganef
000)

Shane inf - Proporion, 029 223 . 016 .13 018 0.03 §:0:0
ouipiit of. . | i
tivestoak d
seclors ¥
suinerble o |l
myentoxing

Aversge Metrie tons 0055 0.186 0.01
weight ~of :
_animal %)

| PHILLIPINES

Production @ 8 Metrie tons 302 267 e wF 16 26F 1241

o i L) :
Share in Propariion - 0.22 039 050 6.0 4.0} P 4¢3 10
output of : :
Hvestoek
Setors
yulnerable to |
myeotoxing

Average Metrie jons Q056 0159 .03
weight  of ] ]
_Animal W
| THAILAND o

Production ™ 1 Metric tons ur an® oaaef f 231 ¥ 1365
gL

d

Share in Proportion 0.37 024 - 08 0.0u 012 ] i
ot of
vestock
seetors i
vulnerable o
tyeoxiss |
Avierage Metsic tons 0050 000 0418
weight of !
ssimal (48]

] The data for 1991 is from FAOLIS92, Table 92 (Beef and veal), Table 95 (Goat meat), Table 96 (Migment), Tohle 07
{Poultry muaty, Table 99 {Cow mufky, Table 103 then agps). Tuble 89 (stocks of cattle, Table 90 (stocks of pigs snd goatsy,
tatile 91 (slocks of chivkens).

F denotes FAG estimare

* denotes unodficiat figure
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Appendix Vi General equilibrium elasticities and related data
Indonesia, Philippines and Thailand



TABLE V.1 PIGGOT ET AL.'S ELASTICITY MATRIX INDONESIA

Price Price Price: Price Prigs Price

mize mdize  peanuts . peanuts poultry  Pricehenr g ‘Maize  Maize Peanut Paanut  Poultey Hen Pig

food faud food fead maat uggs meat food fued food foed medl  eggs  men
Maizs supply food 0.485 0 002 o] o a e ¥ o o Eod ko] 1¢] o
Maize food denand .2 o Q.02 o3 o s} e -1 o G g6 3 [o3 G o
Maize supply foed o D099 o o 0.7 ] o8 Q -1 ] o o o] o
Moize fead demand o] B8 0 ¢.02 Q.03 c0U3 .03 o -1 o 23 o3 [+3 < 2
Peanut supply foad 0.09 o 0.37 ] Q 2] bo] 153 Eed ¥ o Fel 2 o
Poanut faod demand 0.05 (] -1 ] £ ] 0 0 o o] P o o o fol
Paanut teed supply o 001 o Q0185 0003 0.003 0©.003 o] o o -1 ko3 5] o
Paanut fesd demand o 8.05 Le] 005 o o o s 9 o 1 fol s !
Poultry mant supply 911 003 001 -0.003 os 0 0 8 0 o o -1 (/] o
Poultry maat denand o o o3 0 1.3 e.2 a4 o <3 s o -3 o o
Hen agns supply 1 .03 -0.01 -0.003 o] £2.35 o D 23 o 0 0 -1 o
Hen eqgys demand o [+] o o 0.2 1.4 04 o g 157 o kel -1 o
Pig maat suppiy £.8 0.03 0 0.003 O 008 045 fo3 [+] 54 ol o g ~1
Pig maat domand o o fed o o 0.2 11 fe3 o o o o o2 -3
TABLE V.2: INVERSE OF PIGGOT ET AL'S ELASTICITY MATRIX = INDONESIA

Price Price Prce Pricy Prica Praece  Maizs fosd  Peanut Peanut Pouliry Hen  meat

midize  prze | peprmits  peanuts pouitry  Pree herny pig toud- guast teed  fesd feat  agdgs guantit

faod fiar) food tand fpttis agys meat  quantity  ty quantity quantity quantity quantity v
Maze supply tond 1.8425 1.4435 ¢ RI78E17 00421 004212 € 8.3E18 & 3e38 9 3817 2B97 o]
Maize Inod demand 3.2433 3.2433 188291 -1.852207 01008 010054 54171 04171 036 0358 1158 1189 -1.313 1313
Muize supply feed 00632 00832 -2E19 152818 07318 073177 -4E-18  4.3E99 o 28a9 s o 7Em )
Mpaize faed demand 2.953F 2.9536 1.628585 - 1628546 00914 009137 14,958 148803 038 0847 10E 1058 -1.1899 1.18%
Peanur supply food Q4758 04753 00422 00422004 00103 001034 00259 002684 057 O591 0047 0105 0201 0.2
Pranut tosd demand 13471 11471 .0.0433 00432825 00373 003734 D075 002783 009 0094 0.8202 -0.82 0.206 021
Peinut fead supply 04518 03518 00415 O0150B8 G027 002713 DOZES 00285 009 009 0081 0082 071 0N
Paanut fsed demand 42872 G738 ¢ 1.735E18 000B% 000621 3B18 2.6E18 g 919 ¢ 7618 2618 2E18
Pouliry meat supply 1 6398 -176398 -0.8977  0.102308 0.0507 005077 00931 009308 0.2 0.195 05825 -0.593 G886 087
Poultry miat damand 00082 00082 22818  -98SEQ0 -0.7297 027083 -BE20 6.E20 o 7E2% 215 1E19 </
Hon sggs supply DO0145 0.0145 001122 QO11219 0.0008 000046 0727 -5.27284 O 8ED4 0005 0006 G008
Han aqgs dermand 0085 DODSS 00285 0029801 00051 000511 0018 DOIBS 071 <0.28B6 7 0021 0084 008
Pig meat supply -1.7301  1.1301 003855 -0.035553 0.089% 0.03911 0023 00227 HOZ 0023 5 00185 O3B O
Pig tmear demand 07224 07224 002855 0028581 0021 0.02097 -0.018 001823 004 0038 Reelg 0.7 03
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TABLE V.3: PIGGOT ET AL.’S EXOGENQUS VARIABLES ELASTICITY MATRIX (D} MATRIX  INDONESIA

MAIZE PEANUTS  PEANUTS
MEDIUM  MAIZE LOW MEDIUM ww
INCOME  QUALTY OUAUTY  QUAUTY QUALITY

Price maize food O (o] o] o g
Price maize foed k¢] ¢ ¢} k] a
Price paanuts food o (o] 4] o] e}
Price peanuts feed 4] 0 fe} ¢ fel
Price pouliry mast o o o o o
Price hen aggs o] 0 o o O
Prive pig meat 147 o o} o] o
Miize Tood-quantity Q.55 23 o o o
Manze fead quantity -1.5 o] g g o
Poanut food quantity 0.88% kel (3] (2] [}
Peanut fead guantity [¢] (6] o] Q ¢}
Poultey mant quantity <103 00508 0.022 $.0336  0.1815
Heveggs quabtity -1.85 00036 0062 $,0024 0©.0165
Pig meat quantity ~+.08 & 00224 o 0.1848

TABLE V.4: PIGGOT'S GENERAL EQUILIBRIUM ELASTICITIES MATRIX INDONESIA

MRAIZE PEANUTS PEANUTS
MEDIUM MAIZE LOW MEDIUM wow
INCOME  QUALITY DUALITY  DUAUTY QuALITY
Price maize food BE18 1E8 0 3E-19 9825819 2B18
Price miaize foed 0.5019 00537 0.05227 00357798 0.4312
Price peanuts faad 28-¥8  2E21  4E20 1.58E21  aE1B
Price peanuts feed -BA5H4 00486 0.04756 00324099 0.3923
Prive poultry meat -0.5039 -0.0026 00084 .0.003036 ©0.0527
Price hen eggs 04473 00305 00178 0020344 01472
Priga pig menat -0.3402 -0.0018 00163 0001048 -0.1344
Maize food-quantity 2E-18 4E-YS IETS L2.37E19 1B
Maize feed quantty 0067 0027 0.0264 D.017975 02178
Peanut food duantity 3E-19  .8E21  BE21 BRE2T BE20
Paanut fesd quantity 01528 00003 0.00024 QO00I885 $.0018
Pogltey meat quaniity 1,2684 -0.0008 -0.0018 DH00542 00146
Hen aggs nuantity 0.1569 00092 00048 0006144 00298
Pig meat aunhtty 1393 00053 -00093 Q003523 Q077

g




TABLEV.5: PIGGOT ET AL.'S ELASTICITIES MATRIX PHILIPPINES

Price Prics Price Prico Prica Prica
misize  maize  pesnuls  peanuls poultry - Pricehen plg Maize Maize Paanut Fesnut  Poultry: Ren  Pig:
tood feed food foed meat BUGS meat  food taed food  fead - meat  egge  meat
‘Maize supply food 0.122 4] -0.02 o k2] o ko3 -1 Eo o 0 o [+] 0
Maize food demand ~0.2 o 0.02 Q Q Q (o] -1 & o g 0 4 o3
‘Maize-supply feed o 0.61 23 o .37 T .8 o 7 44 3 o k2 £24
Maize Teed demand. o 0.5 o 002 0,03 o083 003 o -1 kel o o o &
Peanut supply food -0.01 o 0.37 o 0 o o 0 (e 4 g o Ied o
Peanut food demand 0.05 o -1 0 Q ¢] 0 el =3 -1 o o fo3 o
Peshut feed supply o] 0,01 O 00185 0003 0.008 ©.003 o] o o ¥ o o fed
Peanut feed demand [o] 0.05 ¢] .05 o {¢d o o o . o) -¥ fo] o o
Poultry maat supply <0.11 0483 0.01 -0.003 08 0 6] o] ke o 9 <1 o 0
Poultry meat demand fo] [s] 6] kel 1.3 0.2 0.4 ¢ o fo] o ~1 el o]
Hen eggs supply -1 .03 0.01 0,003 0 0.35 0 ¢ . B o2 o 0 3 +3
Hen &ggs demand O ] o] 0 0.2 e -3 o4 fod o Q kel o % ©
Pig meat supply -0.8 0.83 o D003 kel ¢.08 0.45 fed o o] 5] ] o B
Pig maat demand 0 0 o 0 02 0.2 S13 o] Q 0 [ it fol -3
TABLE V.6: INVERSE OF PIGGOT ET AL."S ELASTICITIES MATRIX PHILIPPINES
Price Pnge  Price Price Prica Puacs . Maize  feed Paanut Peanut Poultry Hen . meat
malze  Mmalze  peanuls  peanuts podltry  Pricehen pig food- quantt fopd  fesd meat eggs - quantit
food feed food faad ‘meat 8405 meat  quantity Yy quantity quantity quantity quantity'y
Maize supply food 31228 -3.1228 g 347813 00912 009117 2817 24837 o YE18  {E16 BE17
Maize food demand -3.6062 3.8062 0.95175 0961753 -0.1083 0.10829 0.2742 -0.21425 -0.18 6.184 ‘G;SSS 0535
Maize supply feed 0.1368 -0.1388 2.2E-18  -J.256.19 00,7339 -0.73392  4E-19 -B.7E19 O 4E1% 78318 3818
Maize taed demand -3.3226 3,3926 0.83851 -0835650% 01097 O.WFIE9 14,782 44782 -0.19 0.7194 <0555 0558
Peanut supply food 0.9524 .0,9524 00217 00216764 00242 0024719 0.0316 -0.03156 059 <0587 00918 0092
Paanut food damaind 24034 -2.4034 00222 00222322 00739 0073895 ©.0324 -0.03237 009 0089 0.B07 0607
Peanut feed supply 1,9838 -1.9838 00213 0.0213201 00578 00528 ©.031 Q03104 009 0086 0.0693 0069
Peanut feed damand -0.6218 -0.3782 13818 0 00038 000355 2818 2261 O 418 JBN7 TRI8
Poultry meat supply 1.8955 -1.8855 04511 0538897 00568 005679 01914 019137 0.1 -0.41% 083095 081
Poultry mear demand 0.0194 -0.0184 8.56-20 -2.04B19 07204 0.27064 -4E-20 43E21 O 3E20 118 -BE19
Herveggs supply 0.0107 0.0107 000576 -0.005762 00003 000033 0728 027151 0 SED4 0002 Q002
Heneqgs demand 0.0367 -0.03571 00152 -00T5205 O0065 -0.00648 0022 002914 071 -0.289 0.0297 -0.03
Pig maat supply -2.3808 2.3808 0.01825 -0.018262 -DOY56 007557 -0.027 002553 0.03 0026 0804 0,191
Pig-meat demand -1.5111 1,511 001487 001467 -0.044 0.04395 0021 Q02135 005 D041 DOEIG
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TABLE V.7:  PIGGOT ET AL.'S EXOGENOUS VARIABLES ELASTICITIES MATRIX ( D)

MAIZE PEANUTS PEANUTS
MEDIME  AMATZE LOW MEDIUM taw
NCOME  QUAUTY  QUALITY  guauty QUALITY

Price maize food 0 (e} o o] g
Price maize feed O Eel o o o
Price peanuts food o o] e} 0 o
Price peanuts feed [¢3 o] (o] o o
Price poultry meat he] O o 9 o
Price hen aggs 0 [¢] 4] o o
Price pig meat 6] 2] o] o 0
Maize food-quantity 0.55 o o] 1¢] <!
Maijze Tesd quantty -1.8 (43 4] o 0
Peanut food fuantity 0,65 Q [} o o
Paanut feed quantity -1.5 (6] 0 o] o]
Poultry meat quantity -1.2 ©,0392 0.0318 00168 0.0848
Hen-eggs quantity -1.2  0.0028 0.003 80012 0,008
Pig meat quantity 1.5 0 0.0336 ¢ 608886

TABLE V.8: PIGGOT ET AL."S GENERAL EQUILIBRIUM ELASTICITIES MATRIX PH!UPPINES

MAIZE PEANUTS PEANUTS
MEDIUM MAIZE LOW MEDIUM oW
NCOME  QUALITY OUALITY  OBAUITY QUALITY
Price maize tood -3E-16  -3E-18  -BE-19 .1.29E-18 0 VBB
Price maize fecd 0.0146 0.0214 0.03356 00091832  0.1055
Price pranuta food -26-17  -16-18 3.4E21 536620 9521
Price peanuts feed -7.9897 0.02 0.08715 0.0085578 10,0881
Price poultry meat -0,4884 -0.0021 00086 0.00132 0023
Price hen eggs 0.2188 -0.0238 00251 0.009969 0057
Prige pig meat 0.0978 00008 00235 D000329 -0.0626
Maize food- quanay -8E-17  -2E-19  1.3E19 S1.08E-319 -3B89
Maize feed quantity 0.1854 00111 -0.0208 -D.004772 00553
Peanut ‘tacd quantity 7E-Y9  2E-20  -2B-21 9.BOEZ1 -8E2Y
Paanut fesd quantity -0.1498  7E-05 0.00012 157605 00003
Pauitry mgat quantity 1.2802 0001 00032 000041 -DODSE
Han eggs quantity 1.4478 Q0076 00077 -0.003239 -0,0208
Pig meat quantity 1.2509 -0.0044 00145 0001896 -0.0387
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TABLE V.9: PIGGOT ET AL.'S ELASTICITHES MATRIX

Maizs supply food
‘Maize food demand:
Maize supply faed
Maize feed demand
Peanut supply food
Peanut tood demand
Peanut feed supply
Peanut feed demand
Paultry mest supply
Poultry maat demand
Hen eggs supply
Hen eggs demand
Pig moat supply

Pig meat demand
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TABLE V.10: INVERSE OF PIGGOT ET AL.'S ELASTICITIES MATRIX
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