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:1 INTRODUc:tlON 

ttllngi are a. div.erSel .8.n)up()rors:u.piSll\.~nUll~ins fn)Ql$hnpl¢i sj"Sl¢;c~U$ through tu e()ll)ple~ ~t.mctUtes. 
lIQweY~r.1tll.,m spnih~ge .is:U$uaU}' i1$$l'Ktitlle.dwifh· twOe ·groIJp$, :destguijtedas y~~\$t .tlJl~fllloulds (Robinoon1 

1983), 

ltxU~Jlsive ~(Chhns iden.tUied ·loemt)st iUU?OThmtphysic..aJand tlh(iIHJct\.{hcto~. whichinnu~ncegritin 
mlll~.,g~ b)'tUn,g.al,gruwth»or lh~'5~,epvitomu~')htl ~ant1idoJl$ittenll)enUlh'e~ hl.nJJimty.t;)xY8en~uld C.aJ'b{}ll 
dlnxU,le~ensions seem ttl .i,l~s 11 decisive role iod~ten'linin!1 f\~oS;tl8Jo\.\,th arid tox.in lli~oauction{~A,O~ 
19Sa). Pilt .tt.ntlllt~k.:it)8 (199l) have llldicatt~ th\1ttheOtlniimmtf~(::i()t is wa.te.r activity ... ~. eh.emiot\l concept 
wbichqllanlifies:therdationshipfuHiw~n U)(listure in (oods lUlUUi¢ ability (If miCf(),,·(;),fg;udsms (9 Blt)W ot, 
·thenl.Pltt ~nd Hocking. ~otl¢lou~ th~t. 'rJrya. pl'llihl(;tqlliekJymHf,k~l) lt dry* retuai.ns (htl\Olust efft,\(ltive 
method ror~nsutirtg tltngi dontltilwade stIlted prOOl.)c,ts. 

\Vben p.n)(iuo.ts ~~ .notdry wbifei.u stQr-.~ge .• ftmgi .attack the.1.n~nd Hmgafgrowth J$.\ds to reuuGliOll in the 
quanUt}~mHJ weighl(lf !r.mins; deterlt)h1ti(Ul in quaWy of produce forpn')ccssing tlndhl food v~due; uild th~ 
prc)opclion ()f a flatoxins. 

1.1, 'Vb)' ftltuson ·~n.~t(t)lhl$? 

Appendix 1 .gives exmuplcsof cotnmodities th{\l are susceptible to fungal ,~lttack .. and Ust$ thet)mgi thal Of\} 

often respoJlsible for damage ~H\d quaHty detcriomUou ofgruhlS Appondi~ I lis1:s· thc foUowi.ng as 
mycotl,l~lg¢m,ic fung,!' A,\pergillJ:(l. P,.micll/w. "1mlJ'l() n.lld AltenuJtl:m These org,nnisU1s ptodm::q variuus loxic 
metabOlites.. While Appc.ndh:: I includes fietd and spoilagfl fungi ~\S \veIl. Ule foclIS or this JUlpcr is on tl stll.) .. ~t 
ofmyc()!oxigcuic fungi producing aOmo.xins illgmins, 

Appelldix n provides SOlue descriptive dCl:lils ntx)ulaJ1lltoxins \Vhde i:tOmoxins ttr:e not tlll~ only ttty(;o.to~tns 
oill foods and feed. die)' nre.tJl.emotchnpnrtant tnycoloxJns nOlonJ.y tu the ct'umtd.es fhlU :Ire ttl tb,s study. buf 
in lhQ rest. ofA:.~hl. Africa and ullin AmerIca. For CXfilllplC:. VonE:gm(md(l99l. p. 2Ot» notes Uun 

II> At the lilnoQ/ wdtiJlg t.here Wete :l00Ul 60 countnes that hodspeeific regu.lmi.ons or deblll¢d 
pmPO~lts fQt reguludons au mycotoxln~N1Qst of the existjng my(,':Oto.xi.u regulations conCCI1J 
aUntQxlns and. in rdCl~all I.:uunlrics with m)'~oi(lxin l-egu.lnt.io.Hs lm\'l!lOlemnccs fot ~ln~U()~lllsiu nmas 
andlor ~u)i nHd fe(tdst.\lffs, ~ 

Thl} next sUlge in (!tis project is to use the l,!C·(HlOIUIC f!lodel t.o .cslim:lf.e the costs of tbe impi.C(S of fungi ,ma 
af}atoxins attributable to the usc of nfi1U(}xl.ll conuuniunted m;u.leand IlCiUlUIS as fO(ld ~tud feed. f(lf U\c~st(jCk 
n.lldpcu.1h.Jj' in three Southeast Asi1llJ couiltrjcs (TJltIHnud.PldlippblCS and hldoucsul) Tlnt.smostof I.be p}'lper 
has: an emphasIs on mui:;it.e ilild peanuts and 011 t,llC thn .. >e Soutben.st ASIan COIUHnes 

Amongst commoditie..s whitharc suscephblc to fuunn} nttuck !md nn~Uoxin conttlmiJliUI(Ul. tnm.1C nnd .peanuts 
~lre by .nit the most hnpoJu:uu in mom:tnt) v.nh.lc (Pitt. 19'H) Mni,ze aud g.roundnuts ha\l1 cnch t\ wide muge of 
diWeretlt uses as foods and feedstuffs. Reddy_ Nigam tlnu Jnmbunath~ln (199ll provided t.he: fOUO\\lOg 
sultunary ofdlt! mnlHpfc uses ofgrnUJldnlits 

Tile grouudmu pbUl!COmprises uppmxifttateh It} perccut roots, 4$ percent vines and 1~I\es .. llnd 45 
perc.cul.pods rhe rootStHld nodules Hdd 1l;·r'8kdognHtiS of niIrogen per hectMe to «.he sod 
l.hrough ~lH.rogen fixation Tlle vines nnd l~wes HfC l.V'Cd. as green. dry·· or sdilg:e fodder .lnd m; 
fertiliser .and fuel Oroundt,ul husk consthutesubol1.l. 1.l percent t,)f tIle \\lmle plaut und is put to 
$Pvc.raJ tlscsThcwhole seed. whIch co.ustitutcs n PCfC(:llt of tbe t.omlmass of the pblnl. is used fbi' 
oil !lod fO(ld The grounchlm oll lS uluinl) used for eook.ing. nudm iutlustt) [fJrlhe prcpamllon ·of 
sovernl d()J\lcstic products. The protein nch cake or meal Idler oU (,.~tmctiN.' is usmlll~ fed to lI\cstoek 
or u.sed us fertiliser Ho\\'cvcl'. m recent }ears. with proper proces.sing. the n)(,~d isbcmg uU!tscd f()f 

uutktug produc.ts such as hot cUKes .• bi5cmls. und bab} Of' iu\nlld foods 

As'all imli.catinn!,f fhe djv~rs;ity of fuu£j. to 1991·;9.2. analjisis ()If J 32S samplcl'i. fl1)u) richl. r~nn. 
stontge and (\!taU smlr:ces tel ,Indonesia nndPhif.fpptlWS Jeu to the isobltiOtl tWU jdentJfic~ltinll of 
;tllpm.xitl1ute.f)' nsoo lungi (~e ACJARf }992), S:amplci '~mllf1n.sed nll.unlytwu7J:. pe..amlt~. eke (h<:J(h 
p~lddy Bhd milledh ~.s ·of \,t;lrious types, \\'ftl) slrmlle,f nuulbers l)t c;~shftws •. k,C.fil.lti lUtts! ~llld s:pif.~e$l .. 



'the ¢cQllOuliG:unds9t1jttloos.ts()tHsing~t1('n()xin'<Qnttln'ilmt~d'¢6rn~It\d·l}C~ltmts'Q~p¢nllSO'lbbW ¢ons\inicrS of 
th¢Sa prodtlct.~ ,lISP tbel)) in, tl~cdiIr¢rcJlt¢()mltrit;$" Al)pcndi~ lVprov.i~~s's(l'\)CiiototnmnOhQnh()m. the 
pr~\lctio'1~~nduS;lg9bf~{)m ami l>C!UultsiJ),tl)QQuesh.;ehWnpjs,cs ,(tl}d "tlmHailQ, . Tnhtl! IV.lto , IV. 3 
s\l!lUllariS¢infox:rIlfU1PnfJll (hc(Sl!PprYtJtldql!u~JOd .$idO()rcQt~l 1uld.l~IltHsirr rJldQt\(~SiU~PhiU,)pim.:s, find 
Thfdl:lOd, A.nr),Cl1diX'IV.!ifl(urafc~thC· extent to wtlich,pcor11oltrJbeibrco '(:Q!JJndc,s~.s¢ th~1)¢ ,tWQProdt,ct$'lS 
fOOd. Thos Appendix IV pnwidcs 'd~Ul()nexpoSu(Q ,to, lln;lu.t~iHS~nm(ljz~ ,~lldp«IIl\,HS .lll' JIHloncsia~ 
,'plIiUpph)~ nod TlmilMld.T:Jds dataisUcccl>smyiu¢sthnnUng: tl)CblUllllJlhe:lllhttr~ts ofnOnl,o,xinin Jcnns 
Qfptiu'41C)'livcr' (rlloccr. pm ~~ni;l11QCkiQg2 ~t.i,mnl~ lhat~b(UJt 90pcrccht of 'nOa\t:)xins In,lhc Indoucsh •• 
]'hilippincs. attd"rhnih,ndcoJnc ftQllllttajzc :mdpcanu!s;. 

1.3 O~ltlillC:(jf the p!lp~r~ 

Tbis ~lp¢rfirst describes fhteimportrtnt ,ifJlpMts ~,rnmgl n.nd nJlntoxms~thl,jll H. develops. a.l .cCQu()mic 1110dcJ 
for U$o.£') th~cv~duanoi1or.h~' ttHpaGtsof(un:gi. nnd ufl{lto.'\iJ)s ;and in the ¢Conou\tc aSSCSStlll::J'll offilOgi' and 
aJlit(oxin r~lt:ch prq.(<<ts, 

ThefiyclIllpilCts tlmt lbCP~lpcrdcaI$ with nrc: 

!I. fUngi. tlll(i~IOatoxir~ leM 1.0 ·qtullity dctcrionHkll\ in proout:lS; 
• ftl.QSi nJldaflntoxhlscntlsc Sl)()Uag~ (If nghculturnl J)roduC;ts~ 
• some counldcsproldbit lhehlipQrtatl.oH ,of somcfimgi ~u~d ttllal.oxhl. co!.nnmitmted QUipt)l; 
• usc of afHltoxill contu mi Jlatcd produce as feed Inc.rcnses OlotttllHy nUesl\ud t¢duces feed t.o weight 

qor)Vcrsiofl rutcs in livestock witlitlll)gniflcdc(lt".Ctsin cluckcns. dU(!ks~cgg It.y~rSflllld pI,gs. lUld 
• u$c.of afl~ltoxiu<:ontamin~ted produce us food over n long time l)Criod ICilds to mutagenic and 

oardnogclllc effcctso.ll humans 

SGction 2 intrQducc.':i the five importtl.nt impacts of fungi 1U1daflatoxUlS Section~' then J)r(!$l;utts a tuodel 
deaUngwith thcseimp;lcts. suggCSts wnys tocnHbnuc lhe model and mnkcs some concluding remarks, 

~ Or .. John Pitt ani'.! AilsaHocking\ cstRO. North 'Ryuet Sydrlll),.Persoual Commtlnu.:~Uun, 14 
January 1994.,Pitt and Hockiog (trguetbal the estunnte.1l nf afl~to~m 100\d$ by fhllut;tu .. Jayuwt!'t,»L 
(1982) af¢ wrong becnuse they t:!c~m (0 haveu!'?t'.<j 1iJlidyhcar lethn.iqucs Whitih rocentndvanccs fnwe 
$hUWJl to he inappmprrate tC.lf a.$~<;si.tlg:nt1ato~tri t;mHclit in S<Hne products. a~Jtnt;:m .. JoYfUac.t ttl 
n 982JiutCfvtCWedl80 inc;H.\'idu:ds;!oout thetr dtcuuy hlslanos nudcstmml,ed thatotm!Jl 201)ctccm 
of the ,afl:lhlxJnl!;md mPhWppincs comes frommai;r,e nndil~p.roducJ.s."hc sam~ swd)! founUUmf 
about 7 per cent of t.he ilnntoxinlondcamc framp¢tlnlH nmlpcnnul.prodlJClS 
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.. tolJlghU~htJbc hnP\1r1nneeor.~lell Orlhi)n\'~JU)p(tt!t$QrOI,~gi ;imlnnmoxjU~;,~lld 
• to .sU11l1l\l,ldselb(,~ .(!mJlitl~;;\levjd¢n~or~iCb gl~n¢~j ftom th~s(SjehHnc lUernUlrc; nmJ 
• to p,rovlQcnbil,sis fOfsclcetiu,g, Ul,ce()nmmdlti~s loeonSiticrjn e.-;(hnaudg th~COSl ()f nmgi lmd 

nflmoxins 

htst~')d !}rtJ,'~u.trJg llJah~~(c~r'Jl) ins a h()rllOgcntlUs proom;t. thiS I)t.p¢rtte~lts nudi.c ~tstht~ dnr¢.tenlptodu(lrS 
d~pcndhlg()n levcls of:nn~(lj~Ul c.ootnmluntj(}o .sl.mihldy~.~ulOts {groll.tHhudSl u.re HIlC~ durercntproducts. 
wh~rc Ci~ch~a.nUfptodu:ct Hncc;()t~SpOJ\ilsiodjm~rC:HtJevcJsof ~lnmo;dn eontamwatiuu. 

·rotal.anAto~ins <B1,,6,z. (ll.n.nd 0t) III li\ictogmnls l'!\!tkttognuu or.produ~t gtYC tlJlhwicnUon ofWCCIH:tJiJ.)lof 
(.he .. prQduct USH\~ dtlt(l, frout AClAl< prqjccl. m-;SS&OCt (sec ACtAR~ 1989.1 mm, 1991. J 992. 1991).Oh tlJ!~ 
lcYcl$ of anl1lbXh\cor.\Uuuh'~lU()n Hl pcilUlllS{wciultd'l:ein Smlth~~lSl Ashl it ist)()SSlbltl' I:() ldcr.1Uf)1 tbr~dlstbtct 
q\1~\lity gradesuf pr(Xhn;;¢ 

• bigh q~Hdft) ptQd(J.'~.. tins. is .prothllZtwhJch CQnhlins uo more {ball ~n uu~rogr¥uns of lPull 
nna{oxtns{B.t~ tlz.G1and G~lper kHog,mm orpfoduct~ 

• medium qljrd.hyproduli=c "this b; pn.w!uccwbiehcontntfl$ morc ULun 50 UU~r(lgTtu.uS ofaflntnxlJ\s bU.1 
tl1.e level of ullat()xhl roll'mu.imHh)U is lC$s tban or equal U) 100 nnctograUls (ir La.t;ll un~uoxtns (t~l' 
82, G. a.J,d OllperoJlckUogrmu ofp.roduct;. 

• lowqual.hy prndu(re .. this is prod!~ecwldch coutmns mQ:f'C tlmu JOn llucrogm.ms fJf loud aOnl,lxHlS 
(a). B.l~Gl and 02l porkHogram Qfptoduet 

The C11t.llg0t:j'ofhjgh qualh)' produtct.t1cludes tdmost (.nato·~jn~ffcc p.rodllce cOillaluiugno more Unm 5 
tnlcfogmllls of J~nnto~u.sperkflognuu of product Inltlnn),countnes d .• ~ hm.lt of:$ microgrUlllS rl<!!r kilogr~m 
or product is tlppn~.bJe tOU;lby food I)t:oo.uels (see Append!.);; HI) 11.\15 ts nlso thchm.t Jlmp<>scd by lhe 
EutQpeaJl C.Oflllnurdly for d~ilJi feeds, The r<41S0n [orsu(l:h a low HUlit Cor U<1it) f~(\:dslS to dow.uh :nnaloxin 
~n i.i1 UtUk pt04uets. Theaccep(cd limn for al1atO:8in M I iSnt).\\' (:) 05 mtc.rogrmns l)llf kUogntUi of pttwuet 
The CO(lVC(SIOll raUo nttatD~iH III in~d to alltllO'ltu ~'f I m milk is JHnl 'rIte .ncccptabie:UmitHl dah'] rccd.s 
tOJllcct lhis stllndilrd IS 5uncrog,nuuspor IdJogramof amI}' feeds 

Th¢ lJJlP~r bmi.t or 50 U\iCfogrnmsof1ot:lI nflrHoxins (H,- 82. (j InndG:z) per oue kHogmmofrmxJUr,L for h(gh 
qU'llHl)' produce IS H.rbi.lrnry but u ttl conSHm~nt ,""nit the Htcr~uurc on afilll()~jn .n~gnJaUOtls w.hi.ch spccJf} 
maximum acceptable levels of tlnnto~.tll C01HflmlrliltJtm m fO(~s uno fcalsm.rrs App~ndJ); In hsts tliose limit;s 
for selected cQttniries DUrctetll roH.fUr.it!s ha\;c ddIcf<lllthllinS In 1991. rorpetumt.s .. mail,e aml UltlilC: 
prcx:Jucts; the rn~;XnTlum vahtcf(tf' the acccl)tnbte level .of al1am.\Ul ctultmmuatton \~ns 50 ul.lcmgmlus pel' 
kHQgnHll or pro<fllct (s¢c TilbJo ni 1 'tUtU Ttlble: In 1. • .il Appendh; IU) 

Th~. upper Huutor jOn tnlcrogmm,<; ·of totni anat()XlHS m 1 ,B2. G 1 nud(2) pcrJHI()l~J'ftmof 1)10(hn .. t .for the 
medIUm .qnalily prO(iuclls nlSQilrbitrory, The Uft/ted Smtes has ~l lurut of lon luicrognuns of toWI tdlnio'liHs 
ca,. 132.0.1 ;~t)d Oz) pqrk1Jogmm ()fp.mduct f~l tcedswlT.'t fot udull heerenlde ,shcerl~t.ud gouts 

In tenns ofotlHtoxinconUUlllllUtlQIl.products lhm contaiu more thHn :ton nHtlo,AnUJ1S of 101;d nJlmo~iu~~ tB,. 
82' 01 nudOl} per kHogmmof producJ nre low QlJ11lity prodlJtt.s Such products contolHJllOrC (hall ttl tunes 
the lcvclsof ~lnato~ins ncccptnble it) some wcstc.tn cotHlUics :and mOre tlmll ()U hmes l.h~ le;\fcls,)r~lnilto~illS 
ncceplttblc inw.cStcm C<lUlltOllS with the tow~t aflatoxIn tolcrnnce levels 

'tiongSQH fUld Oactfos( J()!]O) give SOIl.\C support for .U\Q .)pproach ·of usulg poS:lbarvc.sl Ul1a((ls,ult;tlI1Hlmmatl(m 
levels 10 dc::Onc. gtncfesoffhnntcvcl outpttt When theyeom:Jude lhilt. 

"No dcnUUl,}p~utcmor iucr~lse hI thcincidcuci! (If ~IflJ.tO;Nm n::lsobs¢n«f ntuong d,nen.mtsl~lgcs (if 
Op<lrftlit))), 'rhtS$l}gg~sls HUd thc~nliH .~Hil) r,c;lcbl'mbsUUlt1a.lhl\'~J of ~lnMO;\in comnnl.iniHl(m~\:cu ut 
(h~ stnn of olT .. .(nnn opomlton d.~pcndit)g uU tlll! tll.'!gr~e' b,) w.hHdl nl~ grubls were: enrherptc(h!ip(rSt~d 



to ib~pf.~,f81l1U.~ j.1lIWv;iOr~ti()nah.d to OIl .. (hnuI'.l"OhdilfOu$·thtttfllvnur 'll.nntQ~JnrtlrmtidOndlldngthc< 
tneh~,h'¢st Sl~g¢s ofrtiIo.crOp .. ~ 

T.'lblc lS'HllmndsesHlc rCll,WilOl .~tllij(){) lhe <IU::tlity Qftnaizennd p¢ilnutsht·lndu(ll'!-si(I"PhUi,lphlC'Stlud 
ThniHtnd;, 

tipn~~nIHH\dO;)Qn~c; (19fJOloo$9tycd inlb~WJrs¢ tf!laHOn~l~lp bctwcc.n tbeJ)dcc of CQfn gtilsaud ftUatoxln 
«(intClil .in lhc.PbUippi:ncs" Ibtuis the low~rth~lcvel.o.t an~doxht (;()ltlCtllw lb~ bigh¢r"~.s; tht;!: Iu:jcc~rcom 
grits, 

CardiO().4~¢.rmu.ndo. C'abai,1~tngan ,am] a~rmuoa()(J991)t.u,\qllJ(l(:d Umtmoisture :,!:OHhUl(Ul)d colour of the 
(:Qnltnodi~~ dQJCffni.nr.sthe prit~ QreQrogmHt i.ll the PllltipplU!.ls BQUc;uta .UU:l A:lb~'Ilc;i~I( 1990), iUtld 
WaUantit¢lt:t.dya <¢t nI. (199Uitldi~\t¢UnUdl~(!; ·.\~tI f}:u;u:irS (moisture .. content :llld eQloUrllU'~ the Ul.ost 
hnportnnttwo(:lCIQfSingmhlptl.G¢ fortllilt.fOll. in IttdQocshl nlln Tbaihmd fC$l~li\'el)\ In 111.eseeoutntii!slh", 
gr,ttin U"J6er (ndddl~man)ul.~lsurcs.thoIWQ fllctorSlhtough SClISOt}~t'{utuaU(m ~lnd ~tls\lnlob$ctvnliQn3, 
G(luenlUyh;)o~lgtai.t\ ttndcrs and ptO<:QSSQfS donClt~l$!lb{bottU.ory cIlltip • .uCllt. Uk~ n~()isl\tt~t~~ters.tO'iI¢qSur(! 
~rniTl~Uributcs, The tnltlt.lr di,scOtUlts; .wet o.t: di$~olourcdgf~Hnby deducUng ~.,eert.;linpct:ccmngc offtUegtoss 
weight Qt :grnin, AUcrmnl'\(clyth~ Wld~t deducts npc~'\tntage olt the 111Mk~t .prlee tog~t the 11ritiOpCrlluit 
we.igbxo(wctordisc:olo\u"cdgm.iu The (iisc,Qunts incJ'C';lsc wid. t.he WetllesS ofgntbl CMthf.l()·Ue.rrnund<1,. 
Clioal:.ungan ~JHlaermuodt) {'I 991} ·ohserv.ed tbe f'lll()WU'llJthse(Ult!fS; In Phib['Pllle,~: 

• for skill dJ)~ producc.tmdcrs reduced tbe grostw(!.ight or the per I1mt welghl prl.cc by a ftlcU)r muging 
Irom 5pcrcent to 10 perccnt dCp¢.llt:hng otllhe l<.weloC dryness. 

• tor wet .g.rain ~rnders reduced t.he wClght or price or produce by U uletar HI.Jlgiug Cu:uu 15 percent to 20 
pc.rcent~ nnd 

• Fot d;uuugcdgrnin traders red.Uce4 (he gross \.\'t'nght or the unu .price or the: produce by a, fl.lctof 
ranging f[CUll 30 perec(u. to SOpcrcem 

ApriiZiug. rcghnc .tot gmitls, huang into nCColUlt (,':()h)Uf and dryne.~~ thalCar:dlno"Bertlltlnuu, Cahaeungan ~nd 
SenntJndo (1991) observed. whHQ Ml pelfoc14, does take inlo nC(:(lunt the fnettu:s· that nrc imporuun Cor 
aDatoxln contantinotiotl ()fgnlins 

Assume dmtth~ pri.cedtscounls observed by Canhno .. acnmmtio el uL n 991) In PbiHpp.iltcs. nPl)Jy to both 
nudze and JXmnuts ill Indoilc.sin.Phihpl')lllcs and Thailuxld If Oils tlSSUulption is vllhd then it lspt)sstble 10 
<)sUrnale f(\.rultW:t¢; price tHrtcrcnHals \rotwcc;n the threcgmdcs of produce. "herc grades dcpendou level or 
anatoxfnCOilhtmiu~~Uon, Table 2 reports pretH.Illnary csHmnl.~sor thQS~ flU:Ulgtll.C price dlITe.rclllijlls forbmh 
thaizealld peanuts ill lndonesia, Philippines and -"haiJ/uid 1n the tnble HIe price of medmmqunllt)1 gnun is 
equal to the avcrngcL.1rmglllcpricc fot gmlu For hi,ghquaht.y grain. the fitrm gul pt1ce IS equal 10 tIle nvenlgc 
price: plus a ten percent prc{nhun The price or l.ow qnulitygraHl is .nboul .50 )>er(.'Cnt of the mediuln .qunhty 
gmul 

3 Dr. John PittaruJ Dr. AIlsa Ho;\.:kmg CSJRO, North Ryde. Sydney (P~rsunaJ couIJlluniclltlOO 14 
January 1994) oot('4 that (a)vlsualohservation IS a very poor ~utd unreliahle waytn tell whether';1 
product COiltajns~.nntoxUls or not.(ll) CUt'rent pncmg regHllcs do 00. t~upture ~ln!H()xtn c(mlent ·01' 
produ.cts. (C}lr4ders may have price dlfferenthtls fur other attrihutes of g.raitlSbut those pr.i¢(I 
differentials ~re ti.()t likely to reflect aflatuxin comen!. On. theba.sls of these ~);p¢rt nhservath:Jt}s. tbe 
rt;:st (lftbe p.aper while dtfferentlnggrains byaHaluxin ct:mteul dm~1\ not mtroduce nHtlluxih J.e.llH~o 
gnllJl f!fice u,ffere.niats. th~pap(lr u~e!> .th.e a\!:crage pnce of ltlUil.eand tllt' average Jlrif.:'C' of pt~:antlt.K 

Catdino",13ermundthCaba(amgan~nd J3e.nnumJo 0991. p. 12) nute tlndthJ!H ... cheuH~ !.h:l¢S Oqt provIde 
adequat~JflC~ntj\'e.') for tlried cut:n:. lbepric.e uUTerenliltl hetween dried and W~I. ~.()m j~.IH)I.enough tu 
cover tln~,cos.t of 1ll¢~b4nic~ldfyitl,g ()p~riltio.l1s. P';ttti1e.rs. thell tend. to .pn.llblCe ./j)ore\ve.t.pnor 
q~lniUy grdin than w()\lldb~ the~~e under a .pridng scheme wttb a larger pt~miUHl for dr~ gmin. 
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Tuble I The atlatoxincontcnl ofnmjt:e and peanuts in Indoncsni"Philipphtes.andnlfillnrll:l 
{Pefccnt of s.1mplc tested whieli h"ld(}}(~ levet of aflatoxin Ct\nta.rninauon itt <,olumrt2 ()tUlelnbl~) 

CO~I~IODI1'Y GRADES 

,\lmllSf ClflatoXln free .fltgh qU;llitv ( I) 

Uighquabt~ (2) 

Higllttttaltt\ {3'" 

men 'QrAtllT . TOTA1~ 

'\1 ElntJMQUAl.ll'Y 

Low quallt\ 1; 1 j 

IAlwquahtv {ll 

[A\" quatit'Y f 'J } 

I dJ\VqU;ll11y Nl 

LOW Ql~At.lTY . TOTAl. 

TOTAI .. !tEHt'l::;""AGF. 

1;OT .. \L Nl~lm,m OF SAMl'l.}:'-; 

T(n:AI~PR(!)f)HC'flO~ 

M(cru~ri,"'lJ ur uOl1h)lln 
H, +HZ +{;t +G1lM!r 
IdllJ~rnm OfpfOdu.::t: 

~~g;'kg$ 5 

5 u~'ks.$ 10 

H" ~1g1g S ~{t 

0< ItWk~s50 

so <: Jt~1;;g S 300 

:u1o· ug'kg ~ tOOO 

woo ~lg'kg ~ ~{IO(J 

"OOfl' J.tgkg'!. 10000 

itg li.g. cx~~d lOl}{m 

Jl~<~ tltced 300 

~ot "{lplll'ltbl~ 

"\ontpplitlil1le 

T()~S ffOUO)(l~Jl) 

AcIA.Rd9&9.l9Qfl. f991. 1992 and 1993} 
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Tuble 1 nte ibnngnte pnte ofmtuze and pcrumts given their nl1uluxjn~()ntcnt inlndonesiu~ Phi1iPl}111C.~mJd Iltailul1d. 

COMMODITY GRADES 

AVERAGE F#\RMGATEPRICE 

SAustralhtl Metric tim 

HIGH QUALITY 

MEDIUM QUALITY 

LOW QUALITY 

($ Al1Stntlianpcr metric ton, f99l) 

Micrograms of llnlllOxin L"'lDONESIA 
HJ +H1 +G1 +<:2 pcr 
kill)grnm of product 

rv1AIZJ! 

I701t 

Jig/h"& s 50 lS?g 

50 < pglkg :S 300 

llg/kg exceed ;;00 SSl 

INDON£StA 

PEANlIfS 

1493b 

1642& 

(49)11 

7471 

PlflLJPPINts 

MAr:lE 

153c 

278g 

2S3h 

1271 

a (."MMi'Tt 19!JZ}rcportspn.:« 1111'S tiulfars Th~ pn\.~e$ att!. t:onv~cd to. AustraltlUl ootl.u:s a.'~Ulnltlg.llQ aVo!m\ge 199\ oexcltanger.\le ofS:\l '" St'S (t 1. 

PlIll.rP.ptNES TllAJt.AND THA.ILAND 

PEANUTS tvfA1ZE P&\NUTS 

1GSd 131f!' IOS)f 

842g 1$1& 1191K 

765h 131ft lO83h 

3S3i 691 5411 

n Plggot. P.;U10!\. tre.1dgold and Halaturnl {1993.pl31lesnmatetllc ,'lluICSiIlc pftl."e'lu be 167638' [ndoucsi,m rupiahpec kdogram orpe.ll~\lts, A'<,$ulnItlgan tnllatf(iql'ilte (lf$pen."cnt percaiUlum. :the estimalc·byPigg{){ et lit 
( 199.'H IS equ\val.muo 213 t lndom:sian mplahpcrktlogn'lnt In 1991 lluSc t$. ,'()nvettomm Austt:llinndoltmatrutc:'«(;ilangc nte-ofSAl t414Irtd\)~'Rltplah, 

;;: CIMMrn 1992) rC{lt1rU pnces tn rSdollm Thestprtccs ~rc coll\'Ct1ed to Austrnltan dollm a:i.\1ml1ngMa\"~gc 19f1l exchatlge rlUe urSAl ."!;' St$ f) 7 

d. TIus Isimsednll Ilun. .. ·l\u ofAgm."ldtllml Si:t.l1S11~(t9?tl~1imate,{}rtlle 1991 fllml~tt!llnCC of 13 13 pe$tls~k:llogmm. Thlsprtce J.!l.:otl\i!rtOOW AwtrllliandoIlm:ll1:utexenange:raIC'QI'SA:l '" l7.rllplli1ippi~~. 
e CIMM)Tn 992} fC:pom pn~cs III U~ dollars These pm'CS<flre CQllvcted ttl ~'u3"ttjdian u011am a .. ~sumtns an tt'·cra.ge 199 {exchange tate orSA1" SC'S {}., 
f ThIS estimate lS based i)!l afunngal~ pnccnf [4'>Ot brtht per mcinc tM m the AOAR E.conomi~ evahtnttotl UTllt's dlltnbllSc un Th:{ijanl.i. The' figur¢ mthed:it:tl",l..~ :1$ for 19SB A....rutningarate (It inllati:Qll <lfl. ~.ritp..T 

annunllcad~ t(J an c:.tnnate tor 1991 of urn'J hahtpe:r mettle tOil ttl 19I1 L TIlls (5 U1Ctl ~'Utlt;erted mtll Atistmliarttfullarut the ~xdllUlgcrnte (l($1\:1 17 .14 Thai haht. 

g. Ihghq\:lal ity produ,,~ 1illJtlS 3 pnmuum t1f aoom 10 ~'tCCIl1 O"'ct" the 11\ict1lge pnce U"\\'I!VCf. nN¢' that domellt)!: pri~ sign:tb til SoutJ,ea.'\f A<;iangrulll$f{n,'lfket':do mIl ~uati:tyrenect quality dltrl."telltlats,ktwecnprodace 
ofdiIlhctlt le .. 'e·lst)fatlatuxm ':(lnt~.nllll:ttlOn. See for exnmple. eardinn .... Be.mllU\JO. Cab!{cungl1ll mu.t Bem))lndo (l99n !llllt Ttoi1gsoll and Glteii05 f19901 

h HIgh quality produce. 1 and medIUm Glt.1UlvpmduC>! IS .. old .anhc averase prll."¢ now~ver~lloleUllli dQmc:itlc pno.:e stgmls ttl Southeast ASllllt SJ111J1$.markcls do.notoildcquatdy ttfleetq~lityiliffen:.nUaklidwe.:n:ptO<fu~ i)f 
different fe-.-el$ nfal1al(1·XJn ,,'Ont:unmatlon Sec for example. Cardin~Bl!rmundn .. C:ablt"~ung8n lind Bemrundll {1t191 ') t\na Tillngso\'\ and Gaci10s l tlJ90) 
Low quality produce l.~ "uld at abuut haIrthe iweroge pri"~ See Cl\fdin~Beftnul\dQ. Cl1blwlngan 4nd .Bennundu (t9q 11 and Tinngsot1 And GIICiftll~ ft990). 
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11 U; IXlssible .for.nmgilo.SQ1~dvctscly.~~c~t.tha sen$Oi)'ell(lr:I~(cdsHC$ (such ns h~ste;Pdout,t¢xtur~~ .cplour). 
thcIHlldiiounlvnhlc 1HHlfullGUOn~llprppcrtl~~ Qr .gmiuslhMth~l gmiu$ beconle UtWC~cCP.hlblc us fQo(lQr fqc~, 
hl suchcnscsj,thc r~rm.cr o.rlb~gmirdm.lldlcr haS:todis~#lfd.thegJili.n~s waste lmpl)'lng tht.t some ofJhc .fimn 
to\'Qtpr~ucUQtl(lrfpod or fcc(,i dOOSrtJ)t/~cachlh(} r~tailithlrkct Spoilngo i;)fr®daHdfccdb¢lwcq,tthc HITtil 
sec.tor ntlcllho; rttail Seclor aft~lS the rc.\Udlprlccs.of.hc:st\proolicts, This paper ~'''ljUciUy lnkes: 111to nccoOHl 
these productspnUnge cITcclSlrlCSUIUttUugth<:t inltJact oHl1ngJmtdnnato.xills. 

FAO(19.83) Jlses the: term thml(ige. (0 tlldl~tc the ph)'sicnltlh(f, ,)rill¢eb~lnjcfllsJl()Ul!ge urn fOQd l~mhl; H m~l.)' 
((!De<Jtpnrtfnl deterioration QI ;l food'U.tl tht;1 b~\siSQf ~J S\~bJcG(hfC Judgement but t\Ot tl~CCS$:t.t:n>' ·(he lOSS hl 
weight. Fungi att(iafla(Oxtns lcml(o prOductdamngc or sppi.!ng¢ Itl three different. wttys, 

First, fungi·lclld lodis~otQUnHJolI and to dctcrionllioll hl thc physimH :~ppc.1nUleC(}f grains·.which ntll rully 
J9Wcr ptoouct qualjt)~ butoll~ll .make (he ptoo\)ct lllHl(!~ptllble forconsUmpHof.ltlSfbOd or fCCtl11lld thus .of no 
~on\lt)¢tcjal vttluc. 

Sc¢ond.stofHge t\l.ngi .. chaugQ the nu: acidity of graIns Fatts ucids comrlbulc t() clmmctedsti.c o[T;'ooours fwd 
ram~iditS{t\nplc()~un sf,ufe smell or tust~) ()( stot'cd comulOdi\ ies 

Table 3 $umuliJriscs somo cstllU:HCS of product spollnge aHribuf:lble to Ilmgr and ~lnHh,lxj.nS TobIe 1 suggests 
that tmdcrs ami users of .mUle nnd pounutgfHiu m Ind/lllosjU. Philippines a.ud Thailnud throw mmy ubOUl .5 
pcrcelll of the grain becauseof.fimgi nml anHto~intoIllamjil1lUou 

1 



Table 1 S,pollagcla1 fatcs of Iltllizc and peanuts given their amltoxinmntent tIl tndonesiu" PhiJippitlcs nnd Thailand. 

{Percent offarJll lever output,. (99t) 

COl\tMOOITY GRADES Microgr.tms, ttl' aflntoxil! JNDOl't1!.'SlA 
81 +BZ +01 +02 per 

fNO ONES fA PHIUPPINES PHILIPPINES THAILAND THAILAND 

HlcrUQUALITY 

MEurui\l QUALm 

LO'VQUALrrv 

AVERAcai;FOR I)OL'TftEAST ASlA 

Sourees~ 

ldlogram: {Jfprotli.lct 

ugikg s '50 

~n <; ~'kg ~ 30n 

gglk~ C!{¢i!ed 1Utl 

lv1Al7.F Pf~'flJTS 

! fi1;. 1 n~ 

z,}c 4,(~ 

'\d $4 

MAIZE PEANUTS NWZE PEAN1JrS 

ob 1)b Ob Ob 

1 t}t: Joe U;e 16c 

It}c lDt 2.{)c 2,O~ 

d; 
') so. ~d 

a, $putfugc mtcs due £0 ttmgi nnd aflntnxms axe pmbulllIiJ'V fimctlOllS u·tcre the pmbnfnhlj. tbat the: $,P<1t1a:gc rattl takes u particular "1l1ue is a function of various factors 
mdudmg: the vanety of the product leg ydlow com "ersuswlm~ ('"\)nlt the tIme and method of barvest.. the pcrtOO nnd mClltodor storage. the storage temperature;,. {he 
moisture comem. the drying method prIor to storage and so- on tsec Muu:e Qnalit} lmllrovement Research Centre tl991l Tllenunibers intnemble are, in a mathematical 
stuUsttcs. sense~ expected v:llltcs. 

b High quality products ha :J {jprnlagc rates from fungf and atlntoXl:ns by nssnmptlon 
c There are no studies. on 1ntC'xlU spoilage rolCS In Indonesm, Plullpptttes and 'fhadand TIle numbers Itl the mble e-ome frOlltRert-Yon~Gen~Zhang and Shan.-

Yang! 1992), The soun 'I~'~ '" ""''Stems nnulylUs loestlmale vurious-pusthan:e5t losses In Ihe grams settur 

d Dr John Pitt and Dr Ailsa 1. Nonb Rydc-., S~dney {Persona! COmmUtlH::attOft. 14 January 1111"H 
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M;'IIW cot.mtticshavc atlaIOXW.(~gumtiu»s lhntrosttict iuf~f'mHiotml ttadc.in foodtmd feed wHhut.m~~CCJlt~tble 
levels of aJJatoxln(;ontanlin:lliOH (sec Am~Hdjx Ill). On thcQhorhand.~mrcslrictcdhllcrn;l!i()Hal l.rndc : 1 
possible wHhrcsJ)Cct to prQduccwhich contuil) ittlcrnnUolltIllyMccplnblc IcvclsofllOutoxJns. 

Th~rc is c~tctlsive Iitem(ute Oil the ccot\()lilics of prO.lCotiOl\ in hltert1ntioHUI trado dealing withvntions 3SJlCCIS 
Qf the two lrnditionalapproachcs to protection: 

• pure q\H.'l(as ... qunntitntivc restrictions specirying thn mnXiUlllJH 3rllOtlllf of U c.Jtlimodity a coulilry cun 
CXllOrt to 3nothcrcoulltry;nnd 

"f tariffs .. taxes on itup()rt.$ or exports. 

This pitpcr uscs tho hnplicntious from these studies to determine the illloru:\UOil~l trade itnplicalions of 
af1nloxin contMnjnntioll, FOrexfUllplc1. using rcsul1s from Anqersotl mId. Ncnry0(92). it is possible to deCille 
shadow prices for al1~noxiu regull.ltillns;tndcsthualc wclfnrc costs of these anatoxIn regulations loUm three 
SOlllhc:.lst Asian CO\lutriCS (lndollcsh\; Philippines and 'rht~iland). 
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Table 4: Intemationttt t11lde implications of nl1atoxins for maize and 'peanut products in indonesia::. Philippines ,and ThaiTand 

COMMOnlTYt;RADES 

AT:.MQST A}l"NrOSJ~·FRE& ..JllClt Ql'i\l,JT), (1) 

11lCHQUALlTY (l) 

£fICHQUALln" (3} 

:M£Dn~[ QUAllTY 

LOW QUALlTY 

Mkrogrums of :ilnutodnL~DONES1A 
8 1 +81 + Gl +{Jz per 
"Uogrllmofpro~uct 

Mi\1ZE 

Ag/kgs 5- Unrestricted 

5 '< !tgt'Rg !:iO HI Unrestricted 

Hl <' J.t~lkg $ 5U :R~stntled 

50 <. ~tglkg S 300 Quota~ {) 

llgikg exceed 300 QUota:::: () 
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INDONESIA PJULlPRu"'fES 

Pf!1u"illTS ~UuZE 

lJrucstnetcd Unrestri~ted 

Unr~1:ncted Unrestricted 

Rt."St11ctcd Restricted 

Quotu-;::;Q Quota~O 

Quota =0 Quom=O 

PIULlPJ>JNES THAlLAND TflAlLAl'-m 

PEA..~lJ'TS M1\IZH PEANUTS 

Unrestricted Unrestricted Uru:e.'rtricll.'Cl 

Unrestricted Unrcstrict¢d Unrestricted 

Restricted Restrit!ted Restricted 

QUQta,:::O Quota~O Quota'='(): 

Quota =0' Quota:::O 'Quota=(j 



Using feed which conl.ait}snHutoxins ·l¢:ldslO n Humbcfof negnth~eLrccts on susccpliblcllv'Csttlek lmdiXll.lltry, 
CAST(P)S9.1111) notolhnt 

"Th¢inlp~.(jl octungil1l0s;Hl$ upottanhnnls c;xl~.nds beyond theirobv.iou$ e[c((· h,p.tQ{lIichlJl d~'lt.h.in 
"he widevnd.ct)! of nuim:dsth:~tarc; hk¢.Jy to tpnSlUU¢ mjICol.O~JJt~Ql)laUU11.Htc(1!Ar{thls or fteds The 
econonlic in1t>j\ct of }owetcdprOductiv.ity.rc(l\iC<!d we.'ght:guin. reduced tl,!cd~tl1(!icn~y~ less ment ;wd 
egg proci'lICU{).n. gtc~tcr \dJS¢.'ls¢ilocfdoo(c,b¢ctulScof jmtlHHtt;: ~ystcln $uPJm~s$iQtt. ~nbllc damag,Q: to 
vitql bQdy organs. andintcrtercncc.s. with.tcpr-ooucUon ismMY tlm~ tttentcr tbllll that Of immediato 
morbidil)' .3JH:Jd¢llt1\,n 

At,YPlc:d fieldcn.sc OrannIQ~Jeosi$ is nla.rkcd flot by mortuhty btu byadcclinQ tnproducUvHy wilh no visible 
(iiS~lse sYll~ptom$ fHamHton.1987 •. p$1) 

LossesthRt result Cram. llshlg contalmllat~d!~mnl os feed arc djOlcldt to 1))QI:\SHfC ror "~\rious re;ls.onsincludlng 
tile following: 

• The C(:lUScquCIlt;es of ~f1ntoxicosiS4cp~l\do.n th~ dose or u.l1ato'l;in. the length of fbcdttlg. tOX'IC diets 
and the agc at fi.rSf c~posnrc t.O •. he tox.iu (Rao and Reddy, 1989.l} 3M} 

SubUectlbct.s due to USing nn~W.1Xln contumttmfcdfced do not prOO\tcc ehniool symptoms or toxicity 
(Nlchols. 198:1. p345) , These efi'cctsiuctude reduced growth rm.c. rcdu(;c<f r~d efficicJl(.j. the 
infertilIty syndm.moltl SWU1C and amIci the loss ,of qunhty III anmlnl products - e\lullples mefuda mjJ~ 
wHll }'dlntoxin 1\:U bec::ms!.1 d:ab) cmtle~u:c fcd nn analo.~in conl:munatPd feed, clticken C(u:cnsses 
cOlldcuUI~d or downgtad(?'xl ~tuse of l.hebroder lmusing syndromeS or Ih¢pal~ bird syndromc6, 
SH1PC aflat.oxiG:oSI.SOUCll ~cuts in these sUbll~wuys, proper dingnos.is. is dependent. on keen 
QbscrvatulO nndgPt>d pt'OdueUonrccords. Unfortnmucly proper dhJg,oosis is often not nUlde 

• The effects {)faOmcxJns chlulge wh~tl then:: areot.heraflnto·x,ms m t.he feed. Fcod rmxturcs nuty 
lllelud¢ mycoto:'r;;itl$ Qlbcr dum il!ltltoxHlS {illQ senne of these Im'~f;! additIVe. or synerglsUCqfTects with: 
the aflatoxin .(flier. 1 {lS7, P (H -621 

• A11ato:~ins do not occur unlfomll) in rt,~"d Whde the prcsc.uce cf lU~}uldscau be nn ttldn~ntu:)U tMl 
~U1:uo'xJns nm} beprllsem. the degree of \llllbicmould tnJestalJon IS not Ilccl.lss;~.rH) nn indicatiou of 
th~ lcvel of toxm prooocb.on HI the fecd()t fOOd Morcoycr. mouldmcs.s rna, not be t~pparenl ~lner 
nlHI.ulg or proccssl.ug 

these quahnc~lUons put inCOllU.~xt the numbc:rs thm nrt! m Tablt.:5 The nmnhe.rs ill Table'; arcbaseQ on 
conse.r\'~I.tivc eStlmui.u,1Ii reportedm the litenlhu'CQfl anmO\ICOSIS m hvestock The cstunates of e~OHmmc costs 
itt the Hvcsto~k s¢ctorwUJ dep¢Jld on the parameter \iI.lnes in "able ~ 

'1tule "5 asstgns'\nlucs to those uup:>cts that the paper lllt(:JqX1HltCS tn the cctll)omic: costs offhllgl itnd 
n!latoxius The r~St of t.ht.s sectIOn dfSCt.fSSCS the unpacts ()f nn~.toxUl couuunmzHcd f~d on ~'\ch l.!'(l.stock 
gmup. 

S'lUth. Hi1l1ll1d HmniH<Hl (llnl) pi)ml oUllh.lll n0l1t.O.X1C051S HI dHckcn IS c1mmcllmscd by p~lor gn:m1h mtos. 

Appar.enUY h~nby bl.rds exhibit bru,ISt'",\-and ha(~mnrrhagmg at .shmghter,Experiment5 revealed fhat 
ijtlat(lXll'll~iocre,*.se (Z(.pilJary fr;tgdH)1 ~Uld r.edlJ~·e the ahlhty of snpI)()ftm,g ussuestn cushum the blood 
ve.'lsels~gainst blow,!;, Hamilton (1987. p. 53) 

Cbi<lkens fed o.natl~to":.IO"contumlnated fc,co fail tort!~~hse Uu~,jr (~olour Ix).tent.l1tl. The ye.UtlW I!'nlullt of 
(;bicken.~'kin:S!iIl~e~s yolk 18 ~Ur'hul~tble to cntOlenmds. Analo:un~ interfe·r\:.t wit.h the hmls c~pntit), In 
ahsorb .. lransptlrt a:odnlcmboliseCaft')tenoids. (Sco HmuHton" 1981. p. 53). 

U 



ine1l1oieot f~'Xfcollvcrs.On~!l(i h)Cte.1~¢dmortalityml~~, . AlllOtlg lh~ rcsIJHs lh~y t¢J)()ft tlre 'the fonowhl~ 
whIch rohlte·(Q thcdurcrco~sin growt.h .fa(c.~. fecd tQuversioJ) nndn\ottaUt)' fates for ,So ():ltlck~usQvc.r n 
PCri.oo:.of 21. days; 

Ajll)/oxUlS q1Jll¢t lliq Jl')]Jt>wJng 
VOt'lablt.~ 

Mc~mbQ<lyweigbt aGor 21· days 
F~"d consnUlcd/wcigbt gain 
Morbdltyrnles 

j()3gnuns 
til 
0/50 

195 gnlO1S 
2.2..3 
12150 

Atlfil~'xieosis sccH.1$tonhl1ost halve r.hc ehickcl'jfs growth ratc~ . to r~QOctll feed con\~etsiooe.ffitlietlL'}l bynhout 30 
p¢r~cnlandt.o ttlerc.1se Il1ortAHt}1 tntcs. 

Hamilton am! Gntlic;h t 1911) and Huff. WYllU ~Uld HamUtbil(l 97$}de:monstrated Ihal.aflntO:\:lcosis 10 hlying 
hcnScml$CS an enlarged r~Uy liver iltld ad.c.crense .in eggproduct.ion .. fewer and snWnt~reggs ~Jre productd. 
Thtl d<.~rc.:'lsei n ~ggprodu¢uon Qwsrtotoccor immediatelyaft~r nn:llOxin is j Ilttoducooin fhe di¢l bntml,her 
OCCtlrS~neta H) t.o 14 da}s~lagp¢rtod, 

Thcre~\r¢oth¢r c.lTects Or~tnato~i¢osisilltb¢ paultf'}'amtegg protluclion $¢Clorr\ot t.:lk~n intotll::COl,lnt in this 
J#"ll)¢rbeeallsc, in Ure titcrot~~ th¢ru is itllldcquatc quuilti.ficiluon of th~ir'tnI\gnHnde}:or o.xntnp.lc.Boulton. 
Jliek and Hushes (l979) conclude that layers C,"lXlS()dto di.cf.ary afia(oxins m the time of Newcastle DiS¢.1se 
Vfi«:inauon nlay not be ~deqUfJtc'y vaccinated and that morc frequent vm::ctmHion .m~y be required. ShnHnrfy 
Wyatt (.1919) to the drcctscovc.rodin table S Hleludesthe faUowing(lddfhonal ctrc~ts of alllltaxic\lsis ltl tbe 
'poultry and egg prodnctj.on s~of'lnctcascd condemnauon or downgradlng of cnrcasSC$. poorpig,rllcQtIttion of 
poultrypJ:odm~ts which redm .. -esthejr sale value. aJtcred itlHUunit} wIueh mcte;l,Sc.t;: susccptihHifyto disease 8.nd 
i1lt.crfc.rcmlc with t.hc birt}!;' uotmalprocess¢s of nbsotpnon. digestion. and utmS.1.Hon of nutrients~ 

thClo~ieit) ofaflatoxtnslulS beet) rcportr.'d in suckHng plglct5. growing and finishing SWhlQandbrccderstock 
(CASr~ 1989. l.2l Table:5 takes tnto nc(;ounl thrl':ei.trlp;lctsof' allntoxlcosis ill tbe hog sector: incte:.lSCd 
mortnU.ty rn:fes.dooreas~d \1{ci,ght g;-lin ~Uld decreased fCi."'C! converSion e.flic.\cttcy. 'rhe effects. of ufJa.toxinsln 
pigs are varied. and may be more or less pronounced. dep¢ndlOg upon the agieof (ile nnilllill. d.lct 
conccn I nlt jon of aflntoxlrls. fUldb:mgUl ofes:posu(C. Swme app«rf Lo be tcs.istnnt todictury levels ofaflat.axtns 
'lP t.o 300 ppb ted from time of \"c~mm! to markcHtlg (C' AST. 19S~>. 12) 13uh;ltcl and Salqjan (1971)provJde 
the fQUowtng resuilson the PQssiblcimpacls of annto:~acnsts weight gain and feed conversion cfllcH~nC}in dl.c 
hogscctQl'. 

Aj1a/(Jxins affect the f(jJhlu~m~ 
wmahles 

Pig1s bod> weight a.t Suu1 (kg) 
Pig~s final .bOdy weight (kg) 
Pig's mean dMJy wetght gain(kgJ 
Perccnt 
Mean daHy feed intake (kg) 
FecdlWctght gain 
Perccm 

80 
24.5 

ol83 
IOOI!tq 
0440 
240 
100% 

R, 
1:5.1 

t1tJ7J 
40(1-1) 

U440 
600 
2S1t!~t 

wttson. Sangster tlod8cdeU (1984) reported mortnlit}mt.es Qf 1 (J pcrcQnt m herds or 200 or more snine and 
28perc:.ellt in herds wHh2.0lo snplgs In Wilsoncl. al. (J 984) 10 H) 4; p¢tcent of (he pigs HI the sampled 
herds were vlsjbJ~ m from consumi ng grain with nnatox.hl levels greater tntul ~ 1\0 ppb 

HSl.cb (1919) gtoupcd the ellbcls cOr mycutosi.cosis in beef tfiule llUO four meljOr grQUps 

• Um lallull effects ... dIM is, eonsmn.ing anato~jns in su01clenUy hl,gb c()nt~ntr;ulOO ''I1H .lend tl.1 dcnU. of 
c~ulb::~ 
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• the subtcfh;lItllyt?toSi~()~~ .. nn.:nQ:\hl$ .int¢rfQrc \\~itl''lbchunJUjlb~'stcm,Qr ~aH1Qwhjchnu.k¢'th¢nl 
tl'Pt~»$\.$~ptiblQ tQ;disI::MC~ ~naloxios ~l1SQ lc~.d'()r~QncC!.dwpiJjlH :gnin nnOr~dlJced:f~dc()U\~~r$iol\ 
cmci\!b~y; 

• ~lt~h\()g¢idc c.ffl!cts ~tlnd 
.mutagoniC i\Hd t~mtogcuiocff~ls. 

hi lh~tttdJmJllltQ(iuc(iQJlind(lstty)bCctlltscthc~ .ts rtlpid lunuw:crofiUlhJinJs, tl\efits! twogrQupsotcfJ:bcls~lt>(i: 
org(~J~r'CQtl(j"em tlmnWeciltC!m~~c:njl! ;uld nllItttSCtliC. ctrects w'hich nrC; INlgc,r+-tcrm chrQ~dccflbqf:S:. The 
c[cct.SQfanatnxins <m thor-ale .ofgrou1.h. and Qil tho ·fee{1><:ouversionemcicncy o.rtxlef C':lHl~ ~.rc<:'()lUp.l.cs ns 
.dcmonslmICtlbyJ{+.;\ylalld Norred n 979) iu lho following Jc,suhSlhc)' rCI)!)tt from n tJSstudy', 

JVlnt(J,~/h.t WUluml Ajll~loxin b,tWf} tttl(Ht}~~i.tl· hW1J1 .'!lflGt().:~;:ilf lev(J1 Aflatoxin /(IVQJ 

rifleet tire ll,Jla/oJ,:lffS in WOppb 300ppb 100 pJ1b .}OOO(.,pb 
JbllawfiJf!, ji:fJd 
1!(J1'i4bitt.~ 

StMl w¢tght • .Ib 4tH 4:t7 411 406 4:n 
DaU)' \\:elght 2,51 ;2 6) 2.4n i .90 }76 

sntrt oY~r [jJ 

dnys.lbS 
F~dI woisht 5.7 (U (, 1 65 (~ () 

gain 

Thes\urly focussed 011 young unim'lls mHl the nogi,Uve ~ttects of utlatoxtns are dear uno one direction:)) us t.he 
te;.~!el o,r 1\Uato:,\ins iocrcasc,HowevQr K¢)'l and Norred (1919}rcpC(1 results froUl iUlolh.cr study invoh~ing 
Qldcr~tiJimal$. witb weightso! 100 pounds n{ the s(~~rt or the experimq:nl The (lm~C'S of urlmoxtcosis 1.11. aldol." 
anim.~lsw~snou HnlUlr. lit thcc.~perimcnt 1 S uo.im:ds (th~ \-"Ontrun consuntQd nfl~U.ON:Ul .. ftcctccds1Utrs tmd 
nnQthcr IS anim~d$ cousumcd JccQt{)mahlhl.g 10Hppb af (lnnt(}-!'\ins In the nest :m d;IYs ()f thC(1Spe.ri.rtl¢ftt 
@aio'xicosis: led 10. a Tcduch()Jl :itt W~tght gain. Aller another 'lOdays (b}'d;l) 6fl), the treud hndrevors<.?d, 
Animals had gnincd w'eight nnd Uleta was 1)0 slndstic:dl} slguUlCfllU djHbrcuce between the R\:'CHJge daily 
wciglitgaioQf'anhnulstn the control group uurl thosem the group n~ethJlg 011 all:noxm-eoillnml.MtCQ feed, 

Puu~rson 'aild Robcrts(t9'77) Hsf t.he foHowrng cllccts of aflntos,ICOSlS l.n (he daH') industry loss of ~ondjHou or 
.ge.rlcral.rnaJnisc.ofdairycatdl!. drop in milk yt.('lds. fhjhtrc ofcniv¢s to fhn\c. sc()\mug O~klnd ofdiarrhoett ll) 
caUle) with or without h:lemorr'h4~ge. ,&'ulure of (.,'O\\'S to COIlCCfV,- ilndsceondJH'Y U.tl1,l10X1COStS .. dlQ tmnsfar of 
'·;ns. part.icul;.u~Jy ~lnato\:iu MI. f!<lm dain, cattle to P~llJ)le In the co nlCX I ()( dniry {:aives, Nc.:Hltcl}ctuL 
(P)80) obst!rveti llOH"Unc.1f tclationships between the a:r.crOl!C da!!)· weight. gmu over time tn the prC~ln(,;":C of 
aflflloxtns in diet In nil ¢xpenment lasllng three weclat the: foHo\\lUg ch~ .• ngcs \.\:crc t)bsct\'cd 

TUM 

Wc~kl 
Week 2 
Week J 
A:vcfHgc: over J weeks 

t1 l'l!rtlJ,!(; lIm/}' hmb,' Wt'lglll 

(."mn~.(~~\' wullUttll~/ltUtlxmsm fi'i/a 
(kg dm·) 

() 1{4 

0952 
o .,t1(' 
USR7 

13 

Awwu$tc! I,llU(~ /}(,td}·' W(11gltt 

di(:ll111e.~ wIth (},()93 m~1:M ol 
alln(oxl1u in filud d~;f: d(~r) 

0535 
.. (t292 
0276 
n In 



Llv!,!stockhealth 'andproducHvhy impacts nfafl1\toxillS 

ANJl\fAL OR. T'~'),&O~~JM,~AC't 
BfRO 

FOlIno; rna 4t#4=? 

O~,il1s f, 1.1 pet yc.'U 
egg (i~'ill 

producfion 
L2 Av~.tt\g\l we.tgbt 

ofnbiJd 
1.3 Feed ctltlSUH1Cdl 

wcight uaHl 
t4 Sgg weight 

Ibitd/ye~rr 
(lodes) 

4, Hogs 21 Deaths per year 
(%) 

22 A"~mg¢ :we,lght 
ofn pIg 

23 Feed cOttstlulcdl 
w~j~ht gatn 

Not~s 

. ., . ... 

1.r,U)Ac~tWrrn,JIlCU 
QtM.Lfrv '~~Rlm 

Atltm>xtn .a.J"*l~a+(;} 1 +<12 
m the fbllQ.wwgmng,e 

() ~ HS/kg.eI $0 

...... 
9:' 

4,4c 

29h 

100 

1 51 

15° 

14H 

=!",=, 

J)n~ACTWITlt 
'r.ftn)lUM 

QUA .• ATY :t:~ .. :() 

AtlnhlxlIl 
1.~I+nl,*(lt+(J2 
In the fl)UOwlllg 

mtigc 
50..: Ilg/kg !:t lOG 

13d 

34g, 

1}21 

t sl 

1Stt 

2.40 

IMpACT 
WrrU:l10W 
Q,OA4tTY 

~~.~nm 
Al1illoxin 

lll-flll+CU,t{J2 
ltttliefolll)\\iug 

tnugc 
l.g/kg '100300 

Z'Zc 

3 Sf 

(J5' 

,:U~k 

,Mnt 

6.00 

.~ 

a Prom Shane (l99l~JlS:5).. lu tIns tHhle, the- v$ilues f(lf lugh quality iCCUl';(.u.respond to Sbane·s 
slartdard ~fatue::s lbr these JUl.f"d(lletHfS. 1'1\.18 figure indud~.s condellmetl tl.art'~~sses 

b Shane0991.p5S) ehumsthut tbe presence of nlyt(HnX:in~ III {bell cOllldlU:tre;lSI! l1lortabtyrates of 
birds by :; % .to S %. III this table the figure of 3% mc:ntase in m{}f1~tht.>, f'}Ues .IS ass(1(;'utted with 
mi!diu.nl(\UaUt"y feed and the figure nf S % Wllbthe [(WI qwdtly feed 

e WU',ut'! Ouzman· anda~y .. Pet~tsen(f:dll(lrs.lQ91). "flus is U1U aventge we..lght fin ThadaIld and 
Phi.bpPtnes chickens 

d This IS an estJ,ll1l1le of l'l!Kfy \vtnght tlf clu(;\.,e,u f~4 (Hl 1m.~dIlHn quahty fi:!:ed~tutl. It IS; btts(~d on 
estJmail'!'fJ. in notes (c) and (e). 

e lJa.wd on Snnth.UHland Hatndttm (1971) \.\i'b~re presence ()f af1ah)'xm~ halves U1egrowth rate (If 

~hu::ken. Hamilton (}981,) howeve.rrCImrlslhat til a ~Uf'\'l!y ufpoultry p.r:udUi:.::~r~ goodgrnwc(s {With 
m~l1afhHOxitl hwets to fe~.dor (Ll flpM we,f(! to Gf more PN1Uuctwe tha.n p(,lOr ptuduce.rs {wuh 
tdlatoxtn levels tn. t~d ().f 14 ppb). 

f WUltle GU1,manand .Bay·Pe.crscn(Etl.ttnrs, 1991 ,p (9)k'\\'.dlW.tHl rallO fhr 'nUll native ~blck~os 
g EsHmnteQ frnmrltHes O)tU:H] 0.). 
b aas~.d on SmHh~ Hill and H,undtun( 1971) where atltttuxJC""·s dt'pr~s'lc.s ft:ml cntlVc.,'SICHl hyahoUl 

29 per cent 
CASTU989. IllS) estUln~te~ duttanatoxlC'Hslscmdd I.eat! to it t'edlwtHlfI flr.5 per cent III eyg 
pnxIuction In laym~h~fls 

j By inletpotati.on hctwe.eo th¢ r~slllt~ fur the l11gh 'luaht)" lUlU low tJUllhty feed. 
k Ustunate from Wilson el. al. (19M). This th~~ mortahty mte for l\mallcr b!;~nJs in Oe,orgla., USA nml 

IS l!l:<t!'d lU'!rcml U.l~ .aS~11Illphon tlutt Snuthi:!ast AM an pIg .herds tend In he small. 
Jilmnl CAST(l989 ir pS 1 ) 'rIm: llit the ovtludl mortnhty rule ftlr hog pnxhu,::cflil Ut the St!mthemilem 
Un.lled Stlil.~sandm3y h¢(Hl the ~unservauve 6U.le in tIll." t7ase of Soutbi!,fist Al>ut. 

m Average of rig car";:-i\sse.,,> ttl ludoJlt:lsUI, PfHHppme.~ and TlulIhmd fmm dIna mFAO ct9(2) 
n Ullse.d un nuhnte.l and S<l.1t~Jnll( 1917) tind CAST( 1989. p 12) 
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Al'iJMAt~ 
IJ.JJ{J) 

:t;&Yf,..~'WrrH 
'MtUliJ~t: 

·14EVEL\SutJr"H9= " 
'l .. (j,\¥ 

QOA,J~rrv 
f.t~J) 

Atltlt(),Xftl 

i':= ':;:,Q¢G "'4 

QU,\:I,;l't'Y' 
iFt:JtO 

J\nnt()xin 
ll1+U2+01 Hill 
lUOll: JbUJJwmg 

JiU.I{!,Q 
Sfl <,uglk~t!l\ 

~OO 

itt.;=: 

rn +llZ'HJ 1"-01 
III the fhtlQ\\,jug 

nUtg¢: 
I1gik~>300 

1;; .... >4 ::;::a;=P;::;:;A:; 

3" B~r~UJc ;U PC4tUtS J~r yc;.r Nodmil.Q N(JdtHilU Nodifmo 

4. 

eJ~) 
;1,2 l..;ivc ,vcight O,2.2J<l Olll(l O)5()P 

gtlin iu ~m 

~Ulimal 
(UlcUie ton) 

l.l ,F~d 51f 6.Jr 6J,f 
C()OSllluption/\,· 
cightguttl 

C'owulilk ., ,] Oeaths P¢t yent· No (j,lHtP No dUt:1o No d~ullo 
(%) 

4.l MHk: Hms Sus 7ls 
ptoouctJon 
index 

4.3 Feed 51f 6Jl' 6Gr 
eonsumpUoll/nu 
li\groPutcd 

-==~, ~ = 

Au cxtensj\'(~ IHc.raturclJ;lS not \Ulco\fcrcdan)' rerct~JlC¢ ttY.i nC.rcawd umrt,nHl,Ynu.e us R major problem 
iIi Ult\ca((h~ becfsc:c{or. 1111.15 there are no ~st\1nafl.'l.s {;)f t.he effect .of aOmo\lcosis on .t)¢cf ~aUfc 
motUlIU~' ritles HnmlJton (1987. 1152) {lotes th(lt a t}"pica.1 field (:3S¢ of aflmo,\lcosts tS rlutrked not b) 
mOl1aHtybut b~ a.(lccli.n¢ Hl product.lvttywrtb no visible dIsease syumioms 

p fAO 0992) .. The ~lsstJmpUon ls HUll the CUTff,mt situntion I.n Soulhcnsl Asinjs such thllt beef caule 
producers usc lowquaUty (highly myeoto~kn COlJUuuitl111cd) fccdslutT 

q Based QU Keyt tnldNorren( 1(19) and FAO (19f)l) .,KeyJ and Norred{ 1919) suggest Um. nnJmrds.ou 
an~*)xin fr~c djct nod those on diets to.llllllrung :\()O pph of nnutoxius arc. about 1A3 u.mcs nndJ1() 
(hncsros~.cu\'cly •. the weight of nnHlmlsnndiel.s cOlu~tiJtblg lOOllppb or nnnto~.in$ and about 

r B~lscd: em KeY} and Nom!O ( 1919) 
s rrolll CASr·0989. 12} 
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• 1lb~ncuti;1; cf!($fS .ofhigh, $bQt~~t~rn) :¢~PPSljtC;l~~mJf()xinS' in)uun~ms~mJ~! l~ldJo,~itar ~dl;UoxicQ~is~ 
with: ja\tndl~¢ rQr(t.~~'JllpJ~"'tlndm~~p)fl)·a Jol~h); )mw$tshiQrkQr~mli.l R¢ye'ssYllCirtl1.11c(Bhnl.i1989. 
19,!U ),S\J~h :il~Hlellutpn~~1ksQrd.is~ttsem'c:pr~venlablc; 1f:<:o\lutrh~s hdrPdUl:!e:}lUcl~lij hert} to J.olprtm~c$ 
.to:anatQxiilS in foods (Kui'p~r.,C\KidI:IU:H1~ 1991tP71')~ 

l'hcchtoojcm\llll~~ni¢,. c~rcittott~jlit!¢frctt$ha~'~ lbh!lJ:Hell~~ :~finds. 'rhoy ltlch)deprimal:yllvcr 
t~Hlcer. h)dian'tiIUdhb¢d,:ClirrhQsis ";l: UvcrdJsotdcrin ludincn:rrelatcd whhbrcastmUk ~uld:,baby fOQd 
eomamiMted withiuOattlxhl.: and chro.llicB"sl:rilis (ahah '19S,(}~ [990 

'l'hiSp,i,ippf.dqaJs with themQsl tlUfI<l11~UH {if UICSQCJt¢<1ts'" OUl dcrel()pmc.litoli;prirnary nV~t ~Wc(!r.g$(iJlttlt~s 
of mc·mvnb¢ts .oCptimnt:)'livcr ~10cef' C'MO$ '(luribUlttlile '~C rU1Ul()~ins hi mai1.9 mldpcauUlS cousumed ill 
l:ndonCcshhPbiHppiJ)!!$ :aud 'tbailand give flil hltU~llj()t1 acme luwnmhcnlfhclrcct Qfllla.iz(! autJpeauut rql;Hed 
allutQxieosis iuthc$c thr¢~ tountti¢$. 

Th~'weitlll'PrCVi~(!UC~ with tes~t t(}(.'ilreloogeni~tity iS~~RhlSl ttOtltOXlI\S An VAO/WHOUxpen.Ctunmitlee 
(WHO~ 1987) lo:gcd .. rcducHOJ1of the huake of 11Unlo.xlu Bt to the IOWC,lil JmreU~\l level so ;IS toreducu the 
poteo.tiat fot b~nn The! tnt~ttul.t'()nnl Agpucy fotRns¢~{fch OJ) Canc(.1t' nAR·C~ 1916,. 1981) .rcviewl!d 1lflnrox.hl 
B1 nnd conehldedfhal aOmQsin I!l Is tlh\lm~mQUrc.iuog(!U, 

A nUill~t of studies 1'mvC' established·~ st.rong cotrchUJonbqtwccn ingestion ofan1~tnxius nod the hl~idencc.of 
pdlna,l' jiver cancer, .Most UfUlcs¢bavcbccoppPld;tth.lfiS,.bnsed. corretnfiun sWdles SbUl(l dtWI ill these 
stuQj~sa.rt:!·colJcctcdt>n popuJ~~tj()n$rathcr :th~ln imlivh:hmls.UIs Hot posslb.la (.0 determille HI.e ~.\iposoro to 
~ln\l(oxblSQfindividuillswho ha.ve th¢ dis(.'!a$c)KldpcJ' .. Oooihmw(r~)l:H).Fufnl~ruloro, It ;JPl~1ts tbm. pdm:).ry 
liver c;mcel.t;anhare a HnJlU G1.ctOdal origin. Fnc.ttlrs Jjk~ ~llcobol {aulrtt~I()-Ja)!mect ;.d .• H)B2) .and bcpl1lJUs13 
\!i.rus (C.roy ilndCroueh. 1991) appea.r (ohtlvc n SY11crgi.stlc e,(fcctOfl the hu;ldcnce ofptlmat)' Uvcr ClUlCCJ, As 
wcU.g:etleUc diffQtcncc.~, :soohtleeonomic status. sex und :aUe oft h~ i.udi\'idunl uUlVplay a role. Ho\vcvcr • 
. Ku.i~("Goodtilan (1991. p?4 ... 7Slhll.S atgu~d that bepntlUs a vints is nolo cunfoum:iing filCl.(1t 1.lt11ess its 
disl,ri.bulltl.t\ in tbe. \11uiQus, study populatiuns is utlc\icn Hee;oncludes dmti! t:mumt be presumed a pj<lm~i tJIllt 
aU tbcolder stu(bes iftwbIch fn;ptUltJs 13 ViOlS sl<l{Us of iudividu:lls was nol measured aJe im;;:\lid. 

1hi$ palX,!f adopts: a po pullltiOll",ba.sed conelntioflftpproneb. The ttim is tollrovide iJldl~tti\'e estJmor!!s ·of the 
hUnltUl l'Cflh.bcff.ectsof (}n~HO~blsmeasutcd .Ill tenus (If tho number (If pthtUIJ)' ·lh'cr c.'lncer C:l.5CSUlltibtHl1ole 
to antltoxins in1ll3ilJ.1: and po;muL MQr~ .)CCUflllc :eslhnntes llCCd to take .into ~ct.'tIUlll the cuHfoumHngf'hctots 
in the discussion abovcilnd must be individually bi.lSed 

.esumating the. hurtl~u.hc~l1th elIe:cls l)f ilfinlPNiins in terms or prim!)l) hver oo.ncer. requires dnta. onhtuuatl 
exposure to aUatu.xihs InfonunUon III Tflbl~ I lll\d APPClldi.x lV provldcs n stArt.ing poh,tin QX1R.lsure 
assessment Tuble 1 gives delaiJSQIl tJl~ dislribution or antitoxins in maite nudpennut5 in ll\don(!si~., 
PhJlippines fmd ThaHund. App<.mdbt rv indlctdcs the c;.,:tcnt to which pepple hi diC' thr~c countrics use these 
thcC(:products ~lS food. 

1 Set~ Shlmk et "I. (l912a~h~e1d.e) no .. UaloxJ<:mm:;.aJld. pritnHty hvet cance.r In rhi-utalld. CA:S1"( 1 989, 
p29 .. SZ) discusses stud.ies ofaHatoxmpOlStUUt)g in West(.~rn IlltFa .Ugltmhl'\ Taiw.~Ul, TIHtih{lu.I Mtl 
Kenya;Peerset aJ. H976. 19S1;) sttfdted$tl~to!tejsjH.l SWtfzifandl Yeh et ttl. (f989)q~~t$wi(h 
h~pititi$ H vittlsandprinwry liver eallcef inCluna~Ut!lattm"J.ayt.ne etaj. (1982) c<U't¢lates e>:ptlstu:¢ 
to af~tat()xjf)s and the illc.idence of llr:ilttM'Y U~I!.tt:ance[ .inthe PhWppiiles. 
BxccrlH(lfIsinch1(l~!hdatao·Jaytue ct aL r 1(182)ano Yeh et 1"1. (989). Yeb tat .11),( .1989) tlt)ll~too 
d~t~t Oli 7917 men tesiding inS different ;ttwisfnf a period ()f 3.8 y~ars.l't()we\ter.lbe.smdy 
estin)ltt~ al tbe fKlPulaUoll level.tHet~ry ~nnt()~in levels for 4 out of 5 1ueas olllhe hJ!sifY of n\lt.rke.t 
sample analyses, . 
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l ~N;'E:9(}N()~t)Cl\t~t)t~{"fQ~:~:1IeaVfl.,L.OA~rJONob~tflG;S()ctAl .. WElJt'lJ,\~E 
{~U~t\C!$S OF"fUN(j[ANl} Af(~ArroxtNS 

Th.is ,Sllb$~tjonJl:ro~'ldc$1l1)' twetyh~wofthe inodt:l for the,!.WiinitiliQhi(),fJMs(X.1i~lwelr!!re iinm~etso.f run~i 
~:nd, ~nlilQxi4S~ Atthectldi)Nh~liUh~UQt1 iSi~/conlp,J~t¢; li~tb)g,t)f,th~')JltRtet 

PJS!U~, t 'l)~;;~nts .a"schemaUct~pt~~ntati()t) oflhe:m~,u~'l., ,',Fl~ure IHst.~ lh~ diffet~tlt,lnjpact$ ,(turihut~l.ble 'm 
iogestlng tnai~~dpeahLUS¢nJltt\iningaJil,itijxiQ. ", Tbe iJl(>delst~,(tswUh fartnlevf;!l ()ntptn$Qfm~i~l(nlJ 
f&~tllitS. At thlSSlage f~nnefS$,Uppts~tlbe, flmn&~t~pr()due,~ whichthe}1 pereei.vet6be hQll)ilgeut)U$" 

O((clhg(b~,posthllf\'eslst:a£e$ tUllgl ~n(,ilit1M()~itls in P~\ptH~lltld'lliab.cJ~d ltlat l~l'(Jh~eiJllpa(tts.S~H(m 
Z of(hl:ttaper de{;Cri.t,w; tJies(!: i.rnpa{!t$', mgUtel indI~l~sJbefiv~.Hl1gS.t iUJI1oftailfiJ.ll)lf¢IS. 

W:e nlO4elth~ ql1aHt,h~lp~ut:s uf rhn~i:and ~n~t().xhlsby HnkIng. ~rhH~)X'iu .c(mt~*H (lrm;tit~1tmJv~mHs tu the 
qll~lhy grades ·or(he$~ l)roQl,I~ts •. luth¢ptlstMrve$tsta!:tes(}f 11ntitej the; model tj:,c()!mi~es lhrootYl1esof 
,ulliim, w~~~ the IeNe! ()ful1lumdn ·'ConbnninaJiQois theua,.sisror 4efining gratl~s(\f prm,hice'. SbnUady the 
filOO¢! tooogl1ises thtt!e typesQf~mils.·fhethree gJ!ldesate~hj~h q,uaHty e()rr~~Jl!JhtfiJlg, (t)pr~()!.Iuce 
c()ntaiilin1l1~,;s thtttl50 luicrograms ofatlato;(ins perkdu~tam ofpmtluce. me4ium qli!\Uty ¢otrt!sporldiny to 
ptt)(JIICt.) (!o.nt~ining.belwe,en SOlfld JOOmiCfograUls of ... nawxins.1lmllow quality pmduce c()ll(ajpg more 
than 300 microgratnsof produce. 

t:or f~asou'Swhichsection 2 covered \\I.e do oot iutf:oducc pric,e differentials c,orreSpo.llUidg to the different 
grtldes ()f Ul~izeandpeanuts.. The ma.i.nreason is dmt (ltttrent pricingreghne.'1 itl Indonesia. Philippines and 
Thaihtnd Of) not dlfrrenti~h~ proouce accnrdirlg lOanawxin content. 

It is JHlsslble to nl()(jel the pr()duct spoilag.e impacts of ftlngi and aflatoxin!) using it pnx)uc! wasl.age mudd 
(Davis, }993).. The produ~t wastag~.model distinguishes. bet,ween farm level oulpUI and retail (lutput f'Or 
tmtll.e andpe4l1ut.'i. SOlUe of the farm level. output d(>es notr~cb the retail market due to proU\l.ct spoilage. 
However, acconling. to ClJrrenle.<;tjmate.l):(~ee Table 3) produ .... ! s[miJage ~nlOUl1ts tn nOm(.)rethlln 5 11crcent of 
farm leve.loutput. Thus at this stage the model dl)eS not im::orpel1lte prQdu¢! wastage impacts. 

Uisalsoposs.ible t()modeJ· the I.rlternational. trade imp.lh:ations ofatlatoxins by hl1pOsing cOl1straints Ofl the 
etp<lrt of medium attd l(}wquaHty .maize and pca.nut.s.[Jowe\er (tpart trollll1l8.Ua:nd. the other cOtlQtr1¢S in 
this study were net importt'fs of maize andpe.anuts iu the ba(.;e y~ir fhr the study. 

The. papert~usse." pn _he IiveRtockhealth and pwdu.ctwity jmpacts of fungi and aflatoxin!; in the livestock 
sectors, Table 5 io seelion 2 jndicate.d that fanlll::rs thal use feed C()fttair)H1gaJlntoxins jnc~lt twomalu losses, 
First, livestock feeding onanat()~in contaminatttd feedstuffs have higher lllort.ality rules than nVf'~toek ft':e~,hllg 
on high quality feed. Second~ livestock .feeding 011 anatoxin contaminated fe.edstuff, have lo\\'er feed to 
w~ight (woversion rates. We assume that current output leve.ls in the Iive.-:tock se<:tonl im;orperat.e thus\! 
Hve.'ltookhealthanupmduclivhy impact'), Thus lhe current I.evel of output we observe .to the ljvestuck sl!.cim 
is {ower tban it would have been jf farmers used fe..e,(jstuff free from aflAtoxjn. If t.he aJlatoxm content of 
maize and peanuts decn.~a5es~ the livestock sc(:(nr wiH experience all increll.~~ in OllfpU( bt::..cause mmlality rate~ 
wtU decreaseaod feed to weight conversion ratios will rise for pouhry meat, h~n egg and pigll1eat prouu~ers. 

The, malO hllinnn heaUh effect we .model is loss of lif'C due to primary live,. canc~r attnhutnble to tbe ingestion 
of mai1.e and peanut cOJltainJrtg aflutoxins. In line wj~hrecent lHemturt! un the relationship hetwet:n Ihe 
ingestitm of aflatoxin,; and th~ inpiuenc.e .01' Cf\ncer. we mndclthe nUmhtlf of primary liver cam,~et Ileaths f\l' 

linear functions of the amount of allntnxlns thai. peo111e in a country ingest. 

R\;ls~~tChchang:es tbe quality of ttlll.i7.e and ~Jluts by reducing the level ofaflatoxlflS in the products. In turn. 
the reJativ", prices onhe different grade':! of pro~uce also ch{mgl.!. This will change the demand pattcrns for 
mai1.e and peanuts both in the livtl.<;(Ock and household se,ciors. 

The main human he~Jth effect is that over time the number uf pdtnary liver cancer' cases win fall us 
ht}us~1hnlds: COJUiUIUe less of the pruduce cuntainiug aflatoxins in eXf.~eS$ of 50 micrograms per kilugrams. 
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where 

C 
A 
11 
Z 

BZ 

:::;: 

= 
= 
== 

=. 

A +BZ 

the ·apnuli! incidence Qfprfmartn\'crQ~lP\J¢rf!~r too~OOOofpOpldaH()n; 
ollckgmuflllrisk ()fprimary livet (!am~eri'¢r l(}O. 000 Qf ,IDrHdaU(m; 
thelhesJ(>peofth.e curve; 
Ule(lti~IHit)' Qfil.flatoxJOtln JndiviquaJ· cuusume.i)· in nanograms oftdlal();dnsper kU()grcllJn 
h<>d}' weight per tI<iY; 
theexP.e$stlsk()fpJ'hnary liver C;lllcer ovcr the:! bfl~k:grol'tlIJdsk" A., per rOO .• ()OO 
persons per year fttlllt (he eort$UJ11ptiollof f()Qu:stuffsctlotaintngafhftnxins. 

Kulp¢r-O(XXlmaU(l991,. pSl)rep{)J1s that (mtbe basis ofet.;t)IQgieal studies btKeilyn, Swaziland. thailandt 
and :M(fl~.l1)bi4U~1 the. values .of A tlnd B lire 2.2:.tnu. O. t.06I.re~llec.Hve.tYJ fot ruatesand fem.da'i oonlbine:d. 
He rn()difi~stbes"'figutes by ullfltiplying them witlt 7()fth~ lifespa,n of' h\ltl1anS to igetanapprox:hnjl(e lifetime 
risk CiI< ()f: 

154 + 7.47... 

w~ use thisequatioo. toesHmate thenUJllber of prlllla.ry liver cancere~ses inth~ thr~So\.1th~a.<;t Asian 
cmmtries. \Veuse the·distrihu.tioll ()faOutoxins itl T~ble J to estillu~te the fllll0U:liU;;,·ofl:lflaJo.>iins individuals 
con5umec:ur~ntly. Sin:lnadywhell./res~tch changes lh~ quality mi~ orn.l~i':l~{;i:t!d;Jlealluts iivililahl~. we 
estimate the new levels Or!lOatoxit1Sindivi(.l(lalf,;,~onSUm~llIld derjve j{n esumate oHhenUJllbetofp.ninaty 
Uver canct;:rs u.,derthat scenario. 

Weu!re;these estitnRtes ·of pri.mMy hver cancer cases and au esf.imattt uf the value of Ufe to if.rriveat titl.t.qost of 
h\.1m~m nfe c()r~'ll)(>ndillg t() lhe use of foods containtng aflatnxhls in excess tJf SO mic.rog.nmIs petktl.ognun 
of proQUCt. 
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3.2 A c(}mplete.listirtg (}f mlHltddcl 

Ideally fbi~ amdysis would use ng¢tler~l'. t~tlWbtium motJelot an explicit. moqelof supply ,lnu.gcmand (U· 
mlli~.1 p¢a»ut$~ and~beJhre$t(X1k sectors \vb()s~s~lppl.Y fUnctions. d¢pendollth~~n~lio:dn cOflft;!nt~fillai.zeand 
peanut feedS~i.lffs. At this. stngethe.fI,,~ is on stl(lli Slnlctufillccunmlletric model for use in th~eY$1I~Ation (Jfthe 
hlm»¢tsof: fungi and Ilt1al(),~in.s. The appm1\ch weildopt horeinvu!vesJl11lking. first:i'order appr()xhnMic;)flS to 
~he quantit~tive. t)ff~t$of chtulpe.c;itl exogejtm1s vliriables usinge~l\lmbd~m yisplat!ement modelling, Using 
this .ilpproach t one Clin make reaS<I/1l\hly {Iccurl~t.e qlUHititative ~sthill\tes or responses l() changes in ex<.>geUOU$ 
variables (pjggotet al~ 1993 ~p f 69 .. 189): 

• provh:Jed one iscontent,to confine' IUlalysc,s to sfllall (say, 10 percent or less) changes about ;tn initial 
e~uilibriurn;lUld 

.. pt()vided.une is pr~J1~rcd to assume eJnstidty va'u~s. 

Eql.lllibril1tndispla!l¢J1lCHt lllodeJUng provides n first order approxim:\(jott to qu~ntihUive effects irrt'.$pootivc ·01' 
oftbe umj~r1yingftlt1ctiQrml forrns~ it allows One to eXIUlline hflW ch~oges inexogi!J)ollS varinbles affect tlacn 
¢nuQgent>us variable after the system has n,lIyaqjUsled to the ehat)ges. A convenient \,,'ay of In¢:isuring these 
~elHl.'alequilibrhltll impaots when only a single exogenous vnrinble eh1mges is thro\lghg~rH:~rnl ~{luilihrium 
~llt$li¢ities. These elasticities show the petcentng~ chauge in an cnuogermus variahle due tu Ii one per¢etlt 
change in. an exogi.'!JtOUS variable Ilftet full market adjustment. This sectioh list') the. complete market model 
and derives the 8eneral eqniHbdum efltsticm~~ fot use. in (\stimatif\g the social welfare costs of fungi lUld 
a.t1atoxins. 

this ~pproach enables us to estimate the percentage chang!! in pdce and tlmmtHy for the enodegcll(lUIl 
variables in the moJeL Thes~) together with thp base year data are enough to yield estimafes ()f ft/,mual welfare 
gains arising from a re~hlctjon i.n anatoxin contanlinallcm of fuod and feoostuff:lj, 

NOI(lfiOIl 

The paper uses the following notation to mpresent the quantities and I1ri.ces of commodities a country 
produces~ 

Y t food the fimllievel .supply of Im\ize· as food with the corresponding timngal.e pric.e PI f; 

YUee4 the flton level supply of maize as feed with the correspouding f'antlgal.e price P1 n 
Y I J r the retaU supply of high qUillity maize .• which is mai:r.e containing no IUnn~ than 10 microgram:; of 

mycnt.oxins pqr kil()gJilm of product with tbecorrcsrH1ll(.hng price P J r; 
y 12r the retail supply of medium quality mai .. .e • which,5 m:tJ".e containing to 1n 300 micrograms of 

mycotoxins per kHogrcun of product with the corre$\ponding prll:i! P J r; atltl 
y 13f tbe r~tail supply of low quality mai7..e, whieh IS maIze CfH1ta.iniilg more timn 300 mit'tngnull.'l of 

mycoto~ill~ pet kilogram of product with the correspondi.nu pril!c Pit 
y 2ff)()U the farm level sUI,ply of peam\t~ as fond with the famlg4\l.e pric:e P2 r-
y 2fee.d the farm level supply (')f pe.anttts as feed with th~ farmgule pm:e P2f~ 

y 21 r the supply of high quaUt)' peanuts, which ~ln~ peunuls ('t)fltmmng fln t1Jnre than 10 micmgranu. of 
trtycotoxins per kilogram or product with the pri\:e PZr; 

y 22r the supply of medium qUllhty peanULt;. whIch arc peanuts cnnt(lHling 10 to 300 nllcmgnulls of 
mycotoxins p~r kilogn1m of rf()dulw~t with the pm:~ P2r~ and 

y 23r the stJpply of low qua!ilypeunuts ~ p~~tnuls cOl1tnining Innr\!'thnn 300 tnlcrograms or mYC()toxUlS per 
kitogr~m of product with the price P2r; 

M 1 the total pn!\l.harve~t costs (drying t lnm!;port, grttdtng li1hmlr l~()l-!ts, etc) fbI' malU; 
M2 the total p()sthl.lrve~"t costs (drying, tran~port, gnlding fahour costs, e\d for peanuts; 
PI r forthe retail price tnili1..ei 
PZr f{)r the retail prite pCilOuts; 
y If lh~ rel~i1 qHantity of m~i7.e; 
"at the relililqultntHy ofpeanuls; 
otis percentage of maize spoilt by f\m,gi and aflaloxins hetwetln the ntrm and the retiul market; 
02 iii percelltnge of peanl1ts spoilt by fungi and aflatmd.os hehvc.tlll the farm Ulld the n~tail market; 
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;ll is the percel1t1lge tlf rnail,owhichis tlfhlghqUfiHty; 
';12 is the pcrcMtage of mai7» wo\¢his uf inc~Ullhl ql1;tl ity~ 
~13 is the ~rcenUtge ofmt~ire\lihicb is of low qlU~lHy; 
~21 is lhe pt!fcenf~\ge (')ff'~.:\n.ttts whlch areofhfgh (]Ullin),; 

~22 is the lletc~ntageor pea.n\.Us whichllre ofmediutl1(luaHty. 
~~3 is lhe percenl~&eofr,euntJts wbichu@oJ low quality; 
Ail is thenmo\lIlt Of~nl\t()xin$ pet k.it{)grHtn ofhighq\l~\tity grail); l= I. 2; 
Ai~ is the amount ofafll\t<lxi(1s pt!tkno~nhn of nwdh.m quMitygruln; i=l~ 2; 
Ai I is the limounl tJf ldl"tuxins per Jd.l()grflfJlof Imv <{uatHy grain: i =1, 2; 
Pte, is lhenumber of nnattlxin related d~lths due to cmll:luming grain i; .i;:::: J, 2; 

Y:3 is the supply tlf lloultry meat with. t.heprice P3; 

y 4. is the supply of beo Elggs wi th .the price P 4; 

Ys is the SUPt' 'ligrne8t with the pn(!e Ps 

YO is the Sl1l~~ly t)l ()lltor good.s with the price Po 
Dlfe is the qemand· for lllni7.e asa feed in the livestt.lCk $ectur~ 
01 fo is the demand f(lr maize as food in. the household sector, . 
DUe is the demand for peanuts ~!:\a. feed in the nv~ .... "lt,ock sector; 
D2fo is the demand tor pe.1nuts as food in the household sectur; 
D3 is the retail demand fOf poultry me:Jt with the price 1'31 

D4 is (he retail demand tbr hen eggs with the priceP4; 

DS is the retail demand for pigmeal with the price Ps 
DO is tbe retail demand rot other goods with Ulf.' price Po 

The stars (*) denote t''<lllilibriultl quant.itie..~. 

Following is the complete mmlcJ. The re.';t of se.ctioll 3 di$cusses th~.se equations in detail. A cnmplete 
listing of the model at. the beginning may assist in chtrifying the links hetween the dtrterctH parts of the 
model. 

Y!food :;: 
Y freed 
PIr -
Ylr' 
Ylr 
Dlfo 
DlJe == 

Plf{Ptf' P2f, 1'3' P4' Ps.); 
ruO\(, PZf' P3t P4t P5t }; 

rep, f. M 11°1) 
Flr(}>lr- P2r' P3. P4. Ps. B,); 
YUr +Y12r +Yi3r 
Dlfo(Jllr' Ptf' Pj. P4' PSI Incmm~)i 
D 1 fe{P I r' P2r- PJ. P4' PS' Income); 

(Ftmn level sUt)flly of maize food) 
(Parm level supply of maize fi::etl) 
(The retail price of mai.ze) 
fRetlliJ sector supply of maizc) 
(The sum of the suppliesof the 3 grades 
(Demand fm ll1aJ:l.e as household food) 
(Demand for mail.e "$ livestock feed) 

(0 
(2) 

(3) 
(4) 
(5) 

(6) 

Mait:,t/ markel eqUilibrium: 

y 1 food* 
Y tfeed* 
Dlfood* 
Dtfeed* 

with 

Ytr*' -, 

AI ;::::: 

I'LeI == 

== Flr(P)r. P2p P3. P4. Ps. 52); (Eqltilibriutll stlpply of maize as (hod) (7) 
== Flr(P1 r• P2r' Pj. P4' PS' 02); (Equilibrium supply of maize fe{~d} (8) 

DIfo(P1p P2r' Pl' P4' P,. htcOIucJ;(Equilihrium demand fbr maize as fboo) (9) 
:::; DZfe(P lp PZP P3. P4. Ps! Jncome};{Ecfllillhritnn demand Ihr tm1i7£ as teetj) OO} 

DHo* + DUe*' 
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(Total afllt!oxUlS fJ'Otn pe~muts as fond) 
(Anatoxin in majz~ liv~r c.mncer deaths> 

( II) 

{Ill 
(l3) 



V;ZfOt)u ~ 
Y2f~ ~ 

P2r ,= 
Y'2t Q 

Y2t == 
Pzfi) =' 

D2fe = 

YZC()Qd+ 
Yafeed* ;;;: 
l):ZfQIj( =; 

P2f~* =' 
w.nh 
Y2rlf! ;;;I 

A2 ~ 
PLC''2 :=: 

V3 =::; 

Y4 = 
Ys ~ 

D3 .::::: 

D4 =::; 

DS ;=, 

t1Zt!Plft P2fltl,P4,P5~); (Fatm~~v~ls!Jpnly(H'p~an9t$asf(j()q) (14) 
F2t\PJrfPztIP3' P4'PS;); (F~tttllI4v~t$lJPply ·9.fp~f)lttS{lste~) (IS) 
f(P.znM2.loA) (~rb~!reli1H.priQeQf{>~UllltS) ) 
FZt(PJr* 'P2rt PthP4.~P5 t 5rih (R¢,~i,l'$~J()r~ltPpJy iofp¢Sluuls) 0:6) 
"21r -t~Y!!2r +X2llr. ." ...... (T:b~slllll()rth¢,s),ippHe,,~Qnhe:l.grnUe,~) (11) 
D2,fo(.Plr~PZr' P,),P41 PS~ .hl(:QU1~}; (D~mand ,torpe.'l.Ollts tiS hou$cli()ldJbod) (l8) 
D2fe(Plrt P2r. P3t P4, Ps. IncoIDl},); (deulandfor pc.UIUJSl\$ Hye,~tO¢k. f~.ed) (19) 

=- P2r(Pl p ll~p Pj) J~4.tf>5 ~.8z}; 
r1r(Pll't. 1>2,.- p~ I P4r p$t 8z); 
D2fb(P h,P2r' P;lj P4 t PSt Income); 
DUe(PlflPZrt 'PSitP4' VSth1c()me); 

Pzra* + D2tb* 
D2fdx (A2 r;t;.~~ 1 +A22x~'42 + A23X~2$) 
PLC2JA2) 

(EquilibdiU}l $upptyuf p~.ubuts. ~<; food) (20)'I:' 
(a<t\dlibtiulll$UP~)ty of (;C!.itQuts Jl.~ (~ij) (it) 
(a(tuiHbrjnrJl4¢tn~Qd for p6tmut$ 4,<; fo<}d) (22) 
raquiHbtium detJlJ1nd few p~nQts~!fleed) (23) 

(24) 
rrou,l atlatoxhlS from peiiOllts 'us fo(>(,J) (25) 
(I\na.h)x.ini.fll~1tl1Jts liver cancer du.nhs) (26) 

(Sqpply of pouhr)' (neat) 
(Supply of he.ne~gs) 
(Supply of pig meat) 
(l)em;tml forpoultl)~me<tf) 
(Demlmd forbt'm.egss) 
(Dl!tlUmo Ibr pig .m~t) 

(l7) 
(28) 
(29) 
(30) 
(31) 
(32) 

J.;iveSlock marketequi/ibrlo 

"3* 
Y4* 
"S* 
DJ*' 
D~* 
DS* 
with 
Y3* 
Y4'" 
YS+ 

;::::; 

=::. 

=" 

::;:::: 

::::: 

=: 

::::: 

::::: 
;:; 

F3{Plf' P2fl P;3. P4, PS'YI2' YIS" YJ2. Y13); (EquiHhrhl.Qlsupply nfpoultry) (33) 
F4(Plf' P2f;P3' P41 PSI Y 12' Y 13 ' Y 12- YIS); (BquUibrhullS\lpply of hell eggs) (34) 
rS(Plf' P2f' P31 P4 1 PS.¥JZt Y13' Y12. Y13); (Equilibritltns\~pp(yofJllgmt:at) (:35) 
D3{Plf' Ptf,P3, P4. Ps • InGQme)~ (J~quifibdllItlde111~iHJ forpOI.!ltty fnca!) (36) 
D4(Plfl P2f~ Ps. P4t PSt • Income); (EquHibrium demand for hen t,t~gs){37) 
PS(Pu. 1>2(f PS f P41 PS1 • Income).; (Ut'!ujhhriumdemand for pig mc~d)(3S) 

D3* 
°4* 
DS* 

(39) 
(40) 
(41) 

tn the supply i;,quatmns for Jjvc.l)tock the qUantilles of medium and 10'-" quality m:tize "ntl P~;iUuts feedstuffs 
are exogenous variables. TIli!Se quantihes depend ()il other \,utjtlhles which :,rt: oulslt!l,:I thl: scope ()f this 
mOdel. However. the infomlatioll in Tflhle 5 on the effect'> of allt.toxUlson livestock illdicates h()w (he 
livestock Se,¢t()f c<mltl respond to changes hrthe level of fitl.u(»;ins tn feedstUffS. 

3.3 GcnemlequiHhritJ!ll cltlstidti~ 

The nlodel involves 14 e<)\Iilibrium ~(IUaUons: ~\mtl()ns (71t (8)~ (9), (10). (20), (2.1). (22)~ (23). and (33)w 
(38). In these ~uations thenz ure 14 endogemms variahles and 5 exogl!nous. 

The endogenous variuhles are: 

tb~ quantity of m;ti1.e fO{1d; 
the qURHtity of mai7.e teed; 
the !)UMtity of peanut food; 
the w.!~nmyof peJtnut feed; 
the quantity of poultry meat; 
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the q\ltf.ntUYQf.heoe~gst 
the qUIIDHty of:ph~tile~t 
the.prict;' of.maiZ.e f(mth 
tbepnc.eofmai.1A f(.~d; 
th~pri~e ·()fp¢atl\lt f()O(f; 
the price or p¢3nt~t t~~; 
thepclce ()frx:lu1try me~t; 
lh~prlc~ .pfhMeggs; 
the prlce(}fpjgm~t 

b()us~hotd income 
the qu~Hty ofmediuthq\Jttlityrnaize 
tbe qUMdty On()wquali~)·tna.i7..e; 
the Q4RAtity oftl1e~iumqualitypeanyt; and 
the quantity Qfl(i)wqu~mYpt";ulut. 

A convenil;!JlJwllY of m¢ilSuringg¢,flernlequihbrium impaek<t is through geo('!t<llequ.ilibdtJn:t el;istit~Hies. 
Piggot t!t ~L{ 1993,pp. 169 .. IS!}) describe the procedure for e.stiJnalhl$; the JJ~!}er'Al e.quiUbriumelastlcWe,,1; 
s~rtins t'o.101 a ,set ·of equilibrium det¢Mining t'qut\(iotlS in 11 framework where lhe !lnaJysis nses a gen\,'!t~l 
functionnl<XJ~l~ The prooeuure invol\1t',$ t(,ud differentiation of the set ()f equilihrium. determinitl,g ~~I~tiQns 
and uses demand and sopply ela.sticities. 

The matrix of £eoec.d equilibrium elasticities is the.ll e<\ual to the product. of the inverse of the matrix of 
:demand and supply elasticities 3nda matrix of elasticities wifh r.espect to a set ()f exogen()us vadnbles. 

Appendix S giYesuetaHs oftna matril,~e..lii i'Jf demand and supply ela.~tJc:itjes. their respc.ctive.inverse.'I tmd the 
gen~ral.equj)jbrium elnstiu.ihes for lndonesm. PhiHpane.~and Th~Hand. 

3.4 R~timates of the soc.itll c()sll'ol (tf' fungi andaOllt(.Xtns in maize 

We estitnatetbe s()ctal C()sts of t\mgiand .an~toxins by ask-lOg the foll()wing questto: 

hmv doprtces and quantitie,,~ (hat are endogenous t() the mouet (:h~nge when there is a reduetlOnio 
tbe qUant.Hy of low quality maf·7.e hy l()f!~rcent. ? 

The general equihhnum ela.<;ticities matrix pr()vJde answers to tilts type of question. Two ·.of Uw columns in 
the matrix give tht'pereentage cha,nges in endogenous vJmab)e~ In tt~Spf>nse t() It one pefct!llt almnge in low 
quality maize and low quahty pe.1nUU-, 

Since the,generell eqllitihriumelasticlti¢.'l matrix leads to esttmHtes of ch;lOges in endogenous vanahles. jt IS 
possibfeto estimate the chal1~e in b:md eCOllomlC surplus &ssncltltcd \\lith a to per cent change .in the supply M 
low quality gr,nn nsing formulea in Alston (1990, pp 24~33), Adding to lhlS the change in the cost of fife I.ost 
due. to consuming aflatoxin conUlOllnated fbod j'1I.'l.!dS the total socmJ \velfare change due to a 10 pt~tl.'elit 
c/langein the supply of Jow quality grain. 

Tables 6f 7 t and 8 rep0l1 cstjmatesof the ~ia.l welfare costs of fungi and aHatnxms AAv~.d when there t!i a 
reduc.tion in tb~ supply (.)1' low quaHt)' mai7..e hy 10 perct'nt. USIng the s~me modd to e..'ihmatetbe welfare 
gains associated with a ten percent reUUl::tion 10 peanut. aflatoxin ~ontanlmatjon suggested that the oetgflins 
were zero. The esllmates in Tables 6. 7, ;ind 8 B.re prehrmnur}' and are conutbtmal on the eJa.;;twtty matrices 
in APllelldix V. They are associated wHh a 10 perc.eOl reduction in ut1atox.tns to the Inw quality grain only I 
0.01 with total removal ofaflatoxins. 

Thl\<;eestim!{te.':! ~uggest that a 10 pet cent re4uulltln in anu~oxincontamina:ti{)n in to\\I!gJ1lde maize <-',QuId lead 
to a:)tnujil welfare gilins of ttbout$ Z.9 miUic.)J1 doHars (Australian) in the 3 Southeast Asian cnlJntri\!s 
(lndonesiat PhiHpinf..')ttnd Thailand). Mo,st of thi~ henefit accrue to the livestock sectors wbet't.~ afllltllxin 
contnminalionJead!' toecooomtc costs in the furm of Increased umrtnHty rates and reduct,dtt:c<1 to weIght 



%~chans~{nttntil,e food e<)usuOl.ptlQIl f()Ho.\vinga tenFrt~.H t~.dMti()n inth~J!nlit()xiocQn~ll~h1ationor 
towqualiJYlfU\I,V!I d()¢$llt:)lle~ltl,topt:tXWJlfihte ¢hal~g~ blUn~. f!Uojber ()fpdtl1~r~ Hyerqan¢¢r¢tlse,~illMY of 
thC;\ thtt:e eountdes, Tbismay l~ d.ue: tuthe fMt: t.hattbe m\lue.t ,pot;!S' no(incorporate eIHUig,bof tht; d ynatn;e 
~Si}e¢ts of the reliIH(m$hiljbetw~n an~t(}~iningt~sti.onMd.·(heirl(\ti(,leQi;l'e ()fprlmaJ)t liver cancer. 

Th~ initial. object) ve ()f.this project wa.~too.I)Uhl~t~. th~ it)t!!,) s()chd eosts~$stJciated, wilJrMlatt)·~in 
ct)otsmimlUon of gnthl$~ . With ttn ~lli.llihrlqm tl.i$pl~¢ertll.!ntOlmlel it is not pussibll) H)¢'iltim;.te the tOlal ~olH 
ofblUll~utliv~'Ia.$s()ci~ted wHha:l1atu:dniut;n;i.us. Intlrder tn esHtnate,lhe the tOl:{l Ctlstot.tflahlxinafllltoxiJl 
ret.!lted pdmary liver can(;~ra model shnilnr to. .:m.e.propnstUlby M.Rrtinllnd Alstou (1993) b~ u(.".Ct;l)Si\ty. 

Cl1RRliNT CURRaNT Cl1ANOU IN ECONOMtc 
OU'rPOT PRICfZS 8UR1)LOS 

____ --... ~(~~tr::.,;;, •• ..,;;,.1;;;;,9,;9~J.r-l_ ..... $A:;..;.'-'tl;;.;;..9;;;.,,9l"----...........;(~$A. 'O(){}!_ ~_. ____ 
Th()Ji~na$; 

lvl'AIZl! FOOl) 4834 .170 $0 
MAIZa ItEU~O 960 170 .,$428 
PEANUTS POOD932 1493 $0 
P.EANlrtS Fast) 3S 1493 ~;$.l.24 

POOVfRY MfiAT 49S 913 $155 
HuN ,HOGS .400 Il4t $401 
PIO M.EAT 215 .1531 $345 

SUBTOTAL n~ n~. $35$ 

COST OF LIFE fia OJ! U 
]~OST 

TOTAL $3$5 

PhilipPHtes; Net socIal wetfIlfc gains (tssocjate.d with a 10 pt'rcent reductll''>ll m low qunlHy maize 

Sl3crOR 

MAIZE FOOD 
MAIZE FEED 
PEANUTS FOOD 
PEANU*fS FEEt) 
POULTRY MEAT 
HEN EGGS 
PIG MEAT 

SUu'rC)TAL 

COST OF I .. UtE 
LOST 

TOTAL 

CURRENT 
OUTPUT 
(MT~ 1991) 
Thousands 

905 
3668 
36 
7.3 
302 
267 
690 

na 

CURRENT 
PRICES 
$A1199J 

253 
253 
765 
765 
973 
1141 
J537 

CHANGE IN ECONOMiC' 
SURPLUS 

24 

{$ A 'OOO} 

$0 
·$1 839 

$0 
~$1O 

$127 
$383 

$1248 

o 



CURRENT CURltUrrr CIIANo:a IN aCQNQ,MIC 
OUTPtrrPRICESSUIUlLUS 

__ " __ ........-~...:lI::(N~JT;..;l.,."...,:;. .. 1:,;..;99 •. ·1~l ___ ~$,.:;..:;AtwJ;.;;9.9.;;.;;,J~_--...--'(~S.;;,;.Ij._f,;;..iOOO:;;.;; ....... ) __ _ 
'limUS<1Jlds, 

MAJZSFOOD 
MAIZa:pl!e~ 
'PEANttTSPOOl) 
PEANUTS'vEeD 
,POUt:rRY MaAT 
HBNEGOS 
PfOMEAT 

o 
221.6 
103 
21 

117 
414 
340 

U1 
137 

It}$j 
lOS) 
913 
114J 
ISJ7 

$0 
.. $1509 

$0 
.. $136 
$151 

$.1 703 
$1540 

_S~U~a~T_O.;r_A~'~~ ______ ~n_a ______ ,~ ________ ~tt!~ .~ ___ 

COST OFt~rr-li 
LOST 

4. 

na ll,a o 

11d.s p::iperhas. deSUTUx,~ nveitllpncts of fU'ngJ,aml allatm,;j,tIS\\'b,tch IH-e nllpr)Jtant m the n,gfu,~ulltlnd SI..':e,tot, 11 
has atsou~4anetlUUihrium displacement mouel to arrive aJ p('~limillar)' t!sHmates of d.le ,$tlCialwttlf~fe gaHls 
asstleiated With r~tucmg ~fl~to~iJl,'I; by 10 Iltm::enttn low quaW'y nUu.1e. 111e.'ie estiumte itu::huJe lhet':n!'t8 
assoeiat~d wjCtrtbree (}fthcs:e UllpaC(£h ,nl:l.tne.ty: 

.~ quabty derimu.lion of product$ dm.t tu fhngi and a.flatn,Klns~ 
.. incre.asf.'d n1()fQilUy fates ,and rC4IH(:(J(f teed to w<ught gam t:clUverswn ratHJsin tbe .poultr)~tueat. b~n 

egss ~nd pig lne4it HvestockSt:(i;tm~s~nnd 
• the 11lutiigeojc lUlU carchmgenic :effec.t~ of anatoxins 011. humans. 

Most uf these ~()slS ure rn:u:ne hy the Uvestot;:'K stock. Ho\veve,r there is:n nt>.ed fM:i. Hl,)dttJ lr:n the e·strmatlon 
t)f the tot; •. l S()(::ial cost (inctudi.ng. tbe human IHit C'Ol;lS) nfa.Hatnx.m (;orltarJUt'I:at.lon of gr.tiof.). Work jj; In 

prugralis Sl.lJ1W at devel",piog, suoh a model along the ttfU~S {)rClilosedhy Martm and Alston( 1993). 

2.5 



APPENDIX l..fJJNGl ANOCOMl\100TI'JES TIlEY AFFBCT 

CQMMOOtT 
Y. 

Casl1CWl\ 

(Anat():dn~ 

b;i~h .. ri'ik} 

Ca~'Siivn Ilnd 
S\\,,=ctpqhUn 

Curm 
fAflamxiu+higb 

rnkl 
Marle: 

tAilnto;tin~high 

nskt 

PcnnulstMlato 
:s,m·btgh rssk} 

Rice f 

tAfiatnxm,brgh I.· 

nsfo 

Sorgitllnl. 

$,lyhe:ms 

f'JELDFUNGJ 

C1ntlosp0r}umdadosporioidcs; 
Ntgr('l~poro tlryitlli.'t 

lasiodrplodlU thenhromac, 

Ntgrtl~fiLtll'~~:.~~J!!mt....Jil!. 
Njgrnsporo. oI}'zne 

NIgroiiptll'll (lryt.1C~ CuvuJaria pnllnseens. C lumlta~ c. 
cJ:\\'lltll' t,.a!~I(}(HpfodfU tItc(lb:romae. Bipolaris tn!lydis~ 
Anhnlllunt pnlloo:;;permum. Rhttop~ts {)]'Y7J{tr, Phomu 

herlmr'lltn; Rluwct()njo. $o1:tnt 
Clado~jrium cladm;ptmoidt!s~ L:tsmdiplooin 

rneubrNmtc;PcsmlotiopS1S guepuni 

Sipolam tThlydis. Fu~arlum !i(''lmtecunn~Cla.dolipO;rium 
cfudo.sportmdes. N~gnlSporil.ury'z."le. Cutvu};ma Iunnttt~ 

C ~nt.jwllituS. C ('Iy:me. C. cra'gl'Ostitlis.. C 
paUe8Cetl~~ Phmnn sp~ Collctotndtunt sp. 

Blpoiam maydi~. rusllnmn semitcctum~ Clndonporittm 
~tadnSpOn{lfdl~~ Ntgrosporn oryzue~ Cutvutllrln lUllll.ta~ 

C . paUC$Cl!tlS. PhOtt111 :'Sp~ Set'lSE.hul;t'iII. rostrum 
ArthtinlUm phaeMpemnun; LtlStodiptnUrtl theobroma¢~ 
Pus;uinm 5lmulcct:um. CJ<1dn~''pnttumebi.105pnri!lidc$~ 
NtgroSpt"lffi oryI.ae: Ctu'vufurm lunnta" C4,ant5cens~ 

Phomn sp, €pK'nccum nigrtfln.Pestalob~I)SlS gttepiJl11 

1 

SPOILAGSFUNGJ 

Cbactomtu!1l spp 

Cbaetomium spp; A. ~rtlarH 

A~l)Ct~iU!J5 mger;Chac.tonunm spp~ 
Peniedlimn 1titrinum@: 

p fnniCulo$ume~ A. wenbi 

Aspt.. .. giUus olger.PenicUhum 
pjnnl)bilnm®~ CIt''letomrum~pp 

Aspergdtusnigcr~ tumhum. 
dlevaberi~E rubr'J{n~ 

Chaetomwm sp 
Aspergutus mger. A. wenti;; A 

rcsrhttu$~ t\, peni~ilfiQidest 
Eumttum nlbrHm~ Elipen 

t'iinnaml}purpureum~Chael~')nliutn sp. 

26 

f 

MYOOTOXJ(raN'H~ .FUNCit 

AspcrgiUtt!l ;illlWs00 

J\:!ipcrgUtus tlavus00 

A,;pcrgfnU::i l1aws00;FuRttrium 
monilif(frmt.>®0~p. ifemiteclum 

Aspergillus llaVi.l~ 

t Altenuri:t p:u!\t'iek.tt. A a.lterntlUl ; 
A. l{'ngis.ltrna 

! AspJ~fus 1T:Ivus00:; Fusarium 
monilifllrtne; PemeHliurn citrinum~ 
Alternaria IM~i<;$ima~ >t\. nit¢Jllaia 

A.~petgillu.,~ Davus 
Fus~um moniliforme 
Penicillium ellrinum 
Alternaria ruteroata 



APPEt~DLX 1 (t(lnt.). FUNGlk"1DCOMMODl't'lES 'rIlEY AFFECT 

COMMODiTY 

High sugar foods t<onfectionery t 
dricdfruits arid jam$) 

Drledmcats nml meat products 

Mimalproduet. .. 
truiIk. ~lt~e) 

Dried "Se.'ttlA-m products 

FIeLD FUNGi 

I 
N<o'lle 01uilie table denotes that ~ fimgI t;!! .;mnmnn ill Sonlll E'ls! Ailia 

~ In the tilbt~ dl!nl}tl.!s Wat Ute: fungi u; Vi!t) t;:~ntItrKm {ff Sdlllh Slt~t A!i.1 

I 

SPOILAGEPUNGJ 

&. resttktus 
£uroliuffi spccil,!S 

A.wndi!lU5 
\\'MJem:a'Soui 

Xi:romy~.s b.l~ponl8' 

ChrysO$porium $p!!d~1t 
Eremasens species 

Z1r&~f!t;~ltartun\~e~rotlxji 
A, o:!)t:rie-~Sc 

Eurotium species 
j.\, candidu.~ 

W'qllwnia ~t;ln 

PotypaeeiiumptSl!C 
&~ipetnSp(H1l bnfopbUa 

A~pel"gillus Spt."elCS 

SUl"tllIum speeti,!~ 
A \\'(.rtui 

MYCO'fO~lOl1~lC J;:UNOl 

fI, tnor.iiiibrme t.!l llil.!'SQu:ree {If th~ nnnt1nl'iin~. tt~xillil know:ntnh¢~lf- II! fill" scy~re ~mll~ in ${~Ule <tnltUlll$. and fU~wd {b~t t\t)tpro'."en}tQ be'uJvur~'ed inhqman {)C*''Pfuig¢4f \rart"dil 
:part'l ilf China lind sl)uthetn Afrii!3 

S()UfL'eS: Chamfl~ Highley, Hocking nnd Pitt (Eds. 1991) 
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~\prENU(';;ll; ~\~~to~(~:nJ$C~,'~t:'~\f ,~'No,'tTI~;$l:J\UCTJ)R~h';Jf()R.~Iu.t~e,·PF·tHE 
"tj\ RJOQS ~~Fq~TaX1NS 

M~I~nal.htth.,~;~,pfrl:oiU;ti.s~?s~U()nl~m~ht.U(198i1~ .• 

~eeurt~"H~I~hOf 't\mgJil t~~{\ithJ6,;Jh9dM~l;l~4;~f¢J1~tj\et~eU}tl~Jl '.result ur, Mo»tbrtmk,ofdiS¢}l.I5¢in: 
t~d:eysit),l;h~hm~i~; 1960.A s~~r~b J~rtb~,~nu.~U~e,ag~Ptufn\¢1 di~ w~~4hehegimlhlsofA\"eW ~~r~ 
tlr'~sne\}htl~':rt;~n:'~i:tb~~:,h~l~,trll\lb¢Jted'mY~()H)'i¢()ltls!Y~ .1lX~nljJ1~UQll()fbitqr~tJ()ns .ldl()W~(j .. that·~ 
\.i~HDmtm.fl\et\,)r'io,qi~w,ooth~·w~:s:mi}·U$~t)f·llal'Ji.Zi'hmp!#Ul~l,me.ah 

t~l$ $bow«lthe~O~\tll('n ,\,)¢e\l~p~t:.(')rf!JI)~lir ,f$(~I~tes~~$OCiaJ~ wi th ·l.h~<tt~pergmUsj1tll·tt.~\,grQu,p~ Two 
~IQ$¢f)'~tated ,$1~,1~~,Atpf!J.~gIll4.f jl<Ml,fIDld 1t~J1et;,t:dltl,~pttrlt,#d(~u.t~hilVe$incebee"jQeijtiH~llasth~t.<lX,ttl'" 
p.t04l,l~int:'~I~. 

,·e.~~c;jd¢~tmed fq\)t. ehl~Jy"reJM¢ij. nU()I~S(;~.nlCOJtlPOtUJ4sW!Hcbweter~~pon$~hlCl fort-he ·t()~'a,!JcUvit):' . in 
bitdnttiQns.'Ih~~, fQ»rC(;l,J~)P9JJPdS w~r~ :gcn~Ji~~Hy ,n~m¢d1tf1atn:dnsBl."a:2lG!¥ aQUaZ (s~Figu~ Jt l). 
Th~'t:tt~t:snMdOdl.!n~)teblue :.nU()re.~ebceJJ.nd¥fee"n!Jm:~scence 'n!:spt"(jHv~Jy. 

~Ub~u~nt$tudi~~ or ;dltltQ,lIIirtpruouuti(ut d~.nlonstr.l.ted'UH.~,lJbibty ufr1,Vpet:~HJu$ j1llVttS to pt()~Uqe. 
exl;th1Siv.etyBt,anIlUg w.het~'i'. Aspergillus pll.msilh'tl$ ~x.hlbited the' eapaCJt:y ttl pruduc.e ~n four lO;HP.'i. 

B1 B2 
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tanoll,~; 
C:.nihQ4ia.~ 
lJ1d()tt~sf.n~ 
LAos.J~OR; 
~'rataysin; 
l~billPJ)in~s; 
thaU."f.Hl1. 
:SiJl~lwrp~and 
Vittllntu,. 

How¢r¢t. UUs study fd¢Ums (l(rordy three. or th¢sc JJld(.lneslJ~.Phjl.ppin(ls rtJIlt TlntUfmd. 

tapl~U.tlsudltmnises aJ1nlo.'s'ln .t1!g\tlat.lonsh\ s~h~eICU\v¢s1.etn (inclmh::$ Jupmn ~omuries wh.lch fOrm 
lh~t.ilttibi: \e;~p<irtmark¢ts for South¢.'lst ASlnu, Sltl(;¢~i nUljor concern IS tb(!cllcct these reguhU10ushnvc 
()nQ~P9rt Juatkets. 

• them. IS considemole "(lriabUlt}' in t.he tult::tauCt levels of dUIetent m;nkcts to nOnto·xfn 
cQnl:amirmUon; 

• gc::mC:RlU}\ .the ,'.oJemncc:Hrnlt.s {m~ l()W~$t. m me c~t:S¢ uf roods for luunnn ~QtlStt.mptJOH and 
feedstuffs for d:liry came. )'Iltwg coWe. young rflg~ nud birds •. 

·supplemcntnry f~dshdTs have higher toiemuec levels pn.rsumabls because it iStlSStlnlOd that 
other sources ortcedsm.ffswQutd somewhat dilute the ;\1.1uIPxUl (.1ffcct. 

only four COlHlirics in the Soutbc.'lst ASiilil region nre reported I.Q llilve Mlnlo;~in t.olernnce J.iruhs 
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Table-lll.l 

cot~TRY 

t~A 

Japan 

compean 
C.ommunity 

EklglUm 

Denmark 

Pmnce 

Gennan~ 

Gn.-ece 

Ireland 

ltaf" 

AFLATOXIN L1MITS O.1gtKILOGR:~'I)FOR SELECTEIl COMMODITJ'SSBYl\f;.\JOR(WE$TERN) 'IMPORTING 
CO Ul"t'TRY (l991) 

Afl,ATOXINS I A~~ .' I AU.. I MILK IPEAi\t(;'TSI NUTS , MAJ4E I FEEDS FOR FESDSTt1FFS FEEDSTD"FFfOR 
HU.{j\;."lUAn" (e) SEEPS &MAfZE DAIRY.& fORPJOS Ii. BEEFCATTtE.. 
FOODS l~O(1) CEREALS PRODUCTS '(Ob'NG POuLTRY SHEEP" 

(CAm£ OOAT 
1'lGS. (NOT YOUNG) 
BfRPS1{¢) 

Allatoxin .. T loa-- 20" O'$il loa 2()" lOit lOa 204 ·3UOa 

131 .. n2+'f11~G2 Al1aloxin!l.U 
AllaroxinUI t 10"" lOl> Not sp!:cifio!d HW H)I~ lOU lOU '2(11.) ~Ol). 

.;\filltll"itlM 1 

AflatOXin ~ 1 54 to 30it Sit N{)t~fied 5"t050" 1<l1t!3tjil Sil!O soa [Oa,l lO'Y' ~~~~. 

lR,.B2 .. m"C,1 AflatoxmMi Jua.g 301l,g: Sf)i1;g 
lOt.la,d 2ooa.d S~ 10M lOa.h 

AllatQXmm I sa I SOl I () tit Sit 5i} 5·L 

lk lk lk 
..tt1:'ln'(m\fl 

Afl~toxtll NS N'S N<ltsfi'.'t.'ifit:d IOil tit· k 'k: Ik B1 +B2-Gl+(:i2 AtlawxinXH 
Aflato~in lUi! Ulil ! k I k lk 
Bl ~ B2 -01·01 lOa ~a Al1a~(}~Ml {uUtpa5tcs) Sa lOa 
Atlatoxin at NS INS OOSi' s.a;~ ~ a.r 1 k 1 k Ix 

At111I(J~tn\U l4 2~J 

Aililtoxln NS ~s W,l,t l:li'",l 
-- :;--

k Ii:. - k 
m·B2 ... Gl-G2 4a.,J 44 
;\{btoxin·[H NS NS fa J'l la k k. K 
AlllItbxitt ;:';$ NS NotSp!.'Qli ... d ,it Sa Sci!. 1 k k; 
Bl·m+Gl*Gl i\ll.'\toxin M 1 
Atlat(1xm:Bl Sa k k k 
Afiat<lXIn Not spe~lie(i ~ k k 
HI ,.B2 .. Gl "'til lU3 Aflau.l,,'1nMl 
Afl,ltoxjn NS Not~Hii.:tJ IJoll 

k k k 
Bl +B2~Gl ~G2 A1IMoxinMt 30a ;lOa 
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T41hlellI.l{cont.) AFLATOXINLThUTS t~gJKILOGRA1\flFOR SEt£CTEDC01\<IAIOfnl'TESBY :MAJOR(WESTER.N} IMPORTING 
COUNTRY (1991) 

:COt'NTRY Wi_"lTO:\1NS 1 .;'\Lt 
Ul,\tA.'f 
fonDs 

{ 
'.W_ XUl.$. pEA.;.,,'t.~S Nl}1?S. ~h\1ZE . FEE.-.OS_YOR, FEWs::nJ .• 1Ff'S FEEDS'ftl ..• iFFfO. R 
BABY {,,~ SEEDS &MAJZE It"-fR"Y&: FOR PiGS .& BEEf'CATrLE'. 
fi'()oD Cf.Ra4.1.s PRODPC1'S Y(,JL~G PQl1..TRY SHEEP. 

f {CAtn .. 11 OOAT 
j pros" . (Not YOv'NG) 
IB_I~i1S1 

l'\lX'cmb\,urg o\tlitt(fxmBl r xs I ~llupccJlis::d -s.... k 1i( k 
J i\llat~xm ~u 

Nt'ilierlanJs An;tfoxtn In 15
'\ 1 tH}j"~blK 1 50il.l J 'ktk f'k 

PUfl.Ug<it 

. Sp.;un 

tkmUtt 

Notes 
NS 

(a) 

Co) 
te) 

{d~ 

eel 
tt) 
(gl 
fllJ 
{ll 

flO 

j Nialnlfln Hi 

1 
flti<l 

f \"lat~!~n m l . !!li 
t i\tl:nomn I 
t m·ru+(,H ·{r~ H}ll 

i 0 .1llche!.'"SC 
(Aili\tn~nMl 

J 5'''' t. 'Xut,,~d'icd l~a 11K R; ·1- .. Ii' 
I '\tll\t~Mt 

J ,,!ll, $~ t 'fil k klk 
t XU1 spt.;"'lfwJ 11 lk k t .J( 
fAllartllO~Ml loa l~;\ I inti 

denotes that the aflatoxin lunit IS not $pecdied. Ho\vever. snme countnes rely Instead on general foodtegislation thatprohibit~ theintrotluetiODor 
recelpt for cnmmerre nf food eOnl!linmg substanees lnJurous mheatth.(VuuBgmond. 1901). 
FmmGdbert (1991). 
From Va., Egmond{t99l}. 
Vlhen dUll) aault!: are fed fee-dstuff Ct1nralnmg lIfltHOXtn 'St. SOffieof thtsro:tin t5 -eonvertedbytheanimal into .atlatoxin ~n inrnilk. In, some 
cuuntries €eg UK) the ahsence of specih..: regtdattons for aflatox.tn M 1 m miikts becau..~ of it hetiefthat if the animaI;.feed regulations for aflatoxins: 
ate obeyed~ then anatoxin M 1 "ihnuld nul he de:tectnble In milk at ::t bmit of detection of 0.05 Jl.gfkg:. (See Gil bert, . .l99 fj:. 
TIns ftmlt apph~ tf the hUyer lS an Europenn Commumty rt."glstered manufacturer. 
'The-accepmble level of atlmnxms fur dairy has to be sct ~n such:a levclthat It dt)e.~ not lead to detectahle leveIsoI afhuoxin M I :in milk products. 
TIns lS the pre-l991 I inut tor ~"O.mplete feedstuffs. Th¢pre-1984 limit for tbese- fu.etlstuffs\\.."a$ 20 micrograms per kilogram.of product. 
ThlS IS the pre-1991 hmlt for compIe:menulry fet.-dso 
Thl<) limn appbes lOboth ~omplete and (:()rnpiemcntty feedstuff smc.e t991. 
Pre~1991 Imnts. 
Llmlts fmm Ma.y t991. 
EUfQpear.&'''nnomu:: ('J;1fnnlUOlty bmit applies. 
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T'lblc llt2 

COL~TRY 

BUml:l 

(~lyanmar) 

Camho..iia 

fndOOi!SIl} 

1~1(}s. POR 

~fnla;'~13 

Philippmes. 

Smgapcre 

Thadand 

VIetnam 

AFL~TOXINLi~HTS (~lgfKILOGRAMl.F()R SELECTEDC01\<IMODI'fIES IN SOl)'TIlEAST ASlA(l991) 

AFLATOX1NS 

./ ~\llato1\ln 
al ~·a2"'G1 +01 

t :\t111(QXm 

Bl"B2~o-l~G2 

AlllU!l~in 
m"IU·m·G.2 

Afhltoxm 
Rl+B2 .. m--CU 

Atlatnxin 
131 "S2+<11 "G! 

J :\fiato'in Bl 

. .iJllltoxlO 
BI+B::"m-G2 

Anatoxin 
HI • BZ ~(il -ti! 

Bl"E2"'Gl -(l2 
I An."",," 

ALL 
HCMAI-J 
FOODS 

lilUmits 
1l111\'tlot 

eXist 

1·!tLitlliIS 
may not 
eXlb't I "UnulS 
nmyoot 
UXl;;t I <lLimllS 
UlllyUl1t 

e"ist 

I'SO 

t 20t) 

f 7.errlle 

10'" 

I h'rv') 

AI .. L 
BABY 
FOOD 

<'bmilS 
uUlynot 
exist 
UUl1uts 
mar nnt 
... 'SIS! 

,lLimlts 
tnaynot 
e>:JSt 

• mllvnl){ 
I >1ttnut.o; 

f ~:cjsl 

Un 

I...;:.roll 

~nLl( 

<'Limit.'i 
rnaynOl 
~i5t 

;lLimitS 
may nut 
eXIst 

"Limits 
ma} not 
;:~$t 

uUmits 
maynllt 
L1:\,1st 

~t.fm]ts 

m.wnot 
e;ii!.t 
~Llmil$ 
ma}llot 

I ~~l.'it 
"Llmlts 
may nat 
eXISt 

ilUmll$ 
may not 
l.'Xlst 

JlLimitl> 
may not 
t:Xl~ 

P~\.;' .. t(,"TS 

"Llmit5 
may not 
~1St 

OlLmlilS 
tT\ltYllot 

e."<lst 

'ltimit.'l' 
maynol 
e~,$t 

ilLllnits 
may not 
1:,(11.1' 

)511 

I lOP 

I ].>!rr;il) 

12(1) 

~l iiro° 

Nl:'TS 
SHEDS 
CEREALS 

!lLltruts 
m:Jynot 
exist 
:lUmits 
mayuot 
e.'ti$t 
1!Limlt.'>c 
Ilk"':- not 
.e:\'lSt 

"Limit!> 
Ul:lvnot 
e-.::tst 
}$\) 

t 2qJ) 

I 'b:rou 

t 201} 

rZerop 

~{AILE 
&.\1.:t\IZE 
PRODUCTS 

ilLilliits 
m;t.y;O!)t 
.:cXlst 

dLhmts 
maynol 
eXl!1t 

dUmilS 
mayoot 
~:dS,t 

~r.;ut. .. 
mayni"lt 
exi5t 

1 JSt} 

f 201l 

t lcro{}c 

1 ZOO 

tZert;jP 

CdMP{:.ETE 
~lIDSnIFl'S 
fOR. 
l) .. 'i,:IRY 
CATIL£& 
Yot:NG 
{Ct\1i'1.B 
PlGS,13tRlJS) 
.aLlmiIS 
may,nol 
t:xist 
a.Ltmits 
mayoot 
cxi!;t 

-aumftS 
may not 
~!)'t 

i1Limit.~ 
may not 
exist. 
'i1[.imitS. 
lllaynot 
eXl$t 

JlUmi.:S;' 
ma~'nQt 
exist 
aL.imil:! 
Inllynot 
e.'d<;t 
.aIimiTS 
roaynffi 
exist 
ULimits 
maynol 
e.'(lst 

COMPLE.TE 
FEJIDSlt:;ffS 
FORPJGS&' 
PafJt.TRY 

:.'l:Ul1l1fs 
may not 
<:.'dst 
4LimUs 
mllynQl 
~xist 

.4LIm\tS 
m:tynot 
oexlst 
4.[.nn\t$ 

nm;y.not 
.:..'<cist 
.ilUmi1S 
tllllynot 
~st 

"timit. .. 
maYllot' 
eXlst 

.iltifuici 

may not 
,:.'(ist 

.. C.oNlPta$!'i"TARr 
mD$I'UffS·fOR 
CATTLE. SHEEP .. 
GOAT 
!NOT YOHNG-} 

aLimilS 
may not 
.'C..xist 
.1tJrnit. .. 
may~n(;t 

e.\;i$t 
ilLimll';:' 
mitynot 
exist 
~IJmji.~ 

maYl10t 
. ..:XJl,'1' 

LImits. 
f~ynot 

e:ast. 

{al A literature se-arch to date has not [eve;lled the exisilcnce of regulations spccltjing .aflatoxin Jimits in these: Howevcr~ this litur~tUte search' has been 
limited to literatnre in English {sec Van Egmond. 19~ L p<lge 201 } Thus it is possible that these regula.tions exist in the official languages ofthese 
countnes. 

(b) Infommllon from Vnn Egmond(1991) 
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APPENDIX IV~ DATA ON MAIZE. PEANUTS AND SELECTED LIVESTOCK SECTORS(N rNOONES~ PJULIPPINES AND THAILAND 

TABLE IV, I mOONESIA: SUPPLY OF AND DEMAND FOR MA1ZE (CORN) AND PEANUTS (GROUND NUTS) IN 1991 

ROW 
NUMBER 

Sl 
S2 
53 
S4 
85 

Dl 

D1 
03 
~ 

DS 
no. 
07 
os 
Ot} 

010 

w 

VARlABLE 

SUPPLY SIDE 
Ate'll harve&tetl (Hectan':s '00l.11 
Yield (Melric tons per h.:ctare) 
ProductionJMelric ton.I! 'OOO} 

Imports (Metric tons '000) 
Terut s~P1![Y ;: 53+54 (Metric tons 'Ooo) 
OEMANOSJDE 

Seeds 

Exports 
Use liS stallie Ih(ld in Indonesia 
Use as feed in the....fl1~ulttv meat indu~lr\' 
u~ as t'i:ed in the hen eg<~5 indu$trv 

Use lI$ feed in the hog induslJ'Y 
Use tiS feed in the bl!cf \!.attle inciu5trv 

U.l~ a.tf.::;:t!jnJ!~_1!.roduction of ..tow milk 
f Use as feed inmej!\lat meat industrY 

Othtt U!re:S • industrial uscs(QiI._$ln~ft. glu~. S""'.eetene~j 
t TI)TAL tUt TO DS) 

~I'.QJI!I~ dll.'! ttLfh·llgj_lI11dmY~ll&ns{pere.:lltl 

{utrIMMYTtt9?2t 

MAIZE 
(CORN) 

3«l1a 

2.13 

644Sll 

UO 
-6445 
Metric tons (,DOO) 

129C 

Oil 
4834\1 
40ge 

J27C 

1251: 
lSI!! 
262¢ 
-Me 

M 
6445 

{pen:ent: (if 5S) 

a.a petc:ent} 

(Q.O percent) 
(7Spe«ent }d 

(6.33'p_erce.nn 
(S .08 percent) 

QA9 percent} 

(2.$ percent} 

-.14.06 percent) 

«(} :(i9pl!rcentl 

:{10pcfCenlJd 

_m~. nercent} 
Of 

(b} NIl!JIJ'edjlland HnJid tlWl. Tuble 5);iho""sthut 1:\ l~ Md lWl there ""erc neither importlJnor exp<1I1$ of com in IndQtll;;!lia. 
f..,.l 1iu!I e8funlltc 1.~ b1lllcol <:In IJtbll.J1Ul {19911 whll ~.~timntCil thnt !Iced un: nDGut 1 peree:ntllf pn!duL'[ion. 
utJ ?rggm. P11l1Qtl. l~go!d JJ.ndHumll!lr:ll(t9<n. p~ tell}} 

PEANUTS (GROUNDNUTS) 

62Sg 

L7g 
lOS61l 

$Jl 

llO9 
Metrlcrons 
rOOQ} (pereent or 55) 
·nal 

·na 
2. (0,20 percentile 
932 (M~ercl!lll)f 
15 _(l.381'crcent)m 

12 n. tlltCreetlt)1l1 
g fO'.16~et'Cetl()m 
6 (OSI percent)m 

10 (O.89percentJ 
2 (O.l perc:ent)m 
III nt p<!£f:enr)n 

1109 .-1100 llerc'CJ\t) 

(26_pi!rc~nt}C 

{el Ullsed on the PiggUl1!t'al. (l99J) wbo CIItimutc: thllt feethltllff.'1~re about :u percent of the {!luil flltm level produal.oo of lJll1.itt' in £ndonCAift 1IJld therellltive ~lze:s· oflivCAtoct in<fu.,triClf.In Table lVA~ 
tf) See Tuble :; t{l~ !lOme \\'lI.,llI!1e mlroS hy product qUI\!ity 
ig1 fAOOW2. Tnble liS on gmundnut1l m "hell) 
tll) f1\O(l992. Titb.!!: lit On groundnul.'l In ~hetn 11l\.4 L'l un ~linUtlc: byrAO bllSt'd on unofficil1l mf()nrtatil)n~ 
It} On the bUs~~ .,fFfI."t-dlM'. Zhang 111111 ("Ilrley (1992, i'3l). 1I11pQf'f.<f amam!Ut 5 1 pc'!«enl ()f l'roduction in fnJ/)llQIil. IndonC.'ll8 hMbeen Itn importer of pcMutuirn:e 1919 {Piggrit.'Ctlll.. f99J,p.tlJti}. 

ti) ~(){ !Vllltllble Fh:tcner. Zhang nnd ("!\f1ey (1m, p311 indudClllleOOS in the .(Jlner 1m: Ctllegory 
(k) Frem flcliher. Zhallg and Carley H992, pH} ap<lIu:lre about 0.2 pen:cl't 1lf totl11 ml\itt ~mduction in lndunC.'lia. 
m Fletcher. 7.hltl)g lII\tI i'arley H99Z. plU B<)tttmlt1lnd AJll!meiern~.l'91} noll;;!! that gmunJimt illprimnrityu.1aHnullUcb .. anJ cOn'lumptionisaOOutl:5lcifu.gll\l1UlpCrCl1l'itaper)'1:lIf. 
(ntl Fkt.:her, 7.lmng Mil Carley (1991. 113l) ~{imaletJ UUIt: !lb<iut 5 :pe~t ",(indunC.'lill':S petlnUttl WM u.~ed 11.'1 cm'lhal pC/mut.:Db meal fetd (or UIo'e!!U>ck 4ll'J tablelV ~. 
tn) Fldcl!cr. 7.fumg 1I1J<i CarJey 01:192. :p.JlJ 
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TABLElV_l PHlLlPPL"ll:.s, SUPPLY OF !vt.>\lZE {CORN) AND PEANUTS {GROONDNUTS) IN 1991 

ROW 
N1$fBER 

51 
52 
53 
S4 
S$ 

DI 
01 
D3 
D4 
Dj 
06 
D7 
D8 
09 
On) 

w 
5<lun;e,'\i' 

VARIABLE 

SUPPLY SWE. 
A~'l l'lIu'\(i,!<ilti;:d{UcitUlre"'OO()) 

Yilttd(l\lelri': Jonsper ncclare} 
Pi'uduction ~le~ric tom '{/(}OJ 

In}1!Mt'ie.le!!:ii.!!!!11S-~~1Q} 
Total :supplY' "" 53 + S4 f»lcU"ilitons 'OOOJ 
na.1Ar'fD SIDE 

SC'<tds 
E'XPnns 
Use as ~t~¢ f~j~2'hillt'J:l.fnes 
Use as fe-cd irtthej:!oultry Ull!llt intJllsttv 
U;!1cas feed in the ben: CI:!l!S indus!"" 
U!'<e all ked inth~ hog lndU~r\' 
US!; as :feed in the beef \:3ul;: inJu,~tn 
U~a§~5l.i tllmL!jl~\li.l1iQnt.)f.enw milk 
~$¢all fi:~d iff the golttmelttinqustn' 
{).!hl!f tll!l!(s·~~lltIUm.rill}f1,·;¢J;(Qft. ~;t.b""gt(fe~ sw~t.:~t:ts) 
TOTAL t'Dl TO Dlf) 

Spotlag;;: d'u¢ t(} tUl1}!! :and lUy,,,{t1xms ~Pc(!.:<:r.tl 

MATZE 
(CORN) 

3 fj'99a 

Lj3 

46173 

l4Stl 
5925 
~fetnc tons rooo) 
101j; 

01> 

905 
880 
778 
lora 
230 
41 
16 
o 
SOlS 

pEANt..~S·,OROUN!)NurS) 
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fb) lbbbdiu! t 1"991, T.hle It). l.llbftdiu!{tlJ91.p 42tu~ that llUp;:!rtlotimi ha., be<n IIlluwl!d inlhe pttstftr .lInOJt;,~ ~m ~lmrtltge in I'fiitif'pm~fi~tt't .ilJ\}~. 
{.:} Thill tl! l.\.ll estlmllfc f)Mcrl·.,n l.l\btldlUlfN'J1):.v.iha estiltli\~*,OO1tl"M"hollt 1 percent ofproiJuctMl 
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TablelV3 ThaUand~ Supply l)f maize (eom) 1tlld peanul$ (groundnutll) in 1991 
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(.1)V;""r\{lES. wtrs j\llJllTl(Y Hr;.~ rlC,l tn!l{Jr&. ((OW fiP~l$ l'(ltAt. 

~UUtl' r""W$' Mt!!\T ';teAL. Mit;: 
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m~'c"')lm;lm; 
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(.~\I\I'I\II or 
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ttly~mh}xhl" 

Average Mli\ln(;tnllll. {J.OSt) 0.1.00 OOIS 
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ubfl' 91 ($\(>c.kli ufchiekenli) 
.F ~enote$ rAO el!tmllllC 
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AppendIx V: Ge.lleralequiHbtluJll elasticiUes and related data 
Indonesla" PhJl.ippines·a:lldThailand 



TABLE v~ 1; PIGGOTET .ALtS' ELASTICITY MAtRIX fND:ONE51A 

Prtce Ptief) Prine Price Puce Pricn. 
maite mf:ttt(t pealltfts p6anuta poultry Prioe blH1J)lg Mnizo Malle PtlaI'lbt PeAnut roultly Hen Pig 
food feed food reed maat ~gg$c 1"0081 fOod feed food feed meat ('lggs meet 

Maize supplV food 0.495 0 ·O~Ql 0 0: (} a- ·1 .0 0 0 0- 0 Ii 
Malta food demand ·0.2 0- G.02 i) \) 0 0 ·1 0 0 -0 (} () 0 
Mai~6 :s~pplyf!1;jd (} 0.099 0 a- O.H 1 0,8 () ·1 Q 0 :0 0 -0 
MaizefBeddemancl 0- ·0.,5 a- 0.02 0;0:a 003 o.oa () ·f [1 0: (} 0: 0 
Peanut supply food .o.<}1 0 0.37 (} 0 0 :Q (j 0 '1 a- -0 .0 :0 
PC~an!lt food demand 0.05 0- ·1 0 0 a- D fJ Cj ·1 0 :0 0' Q 
?a8t1ut feed suppty 0 0,01 0- 0.0185 0.003 0.003 0.003 0 0 0 ·l 0 Q 0 
Pimmit lend demand 0 005 0 ·0.0$ 0: (l 0 0 \) 0: 1 0 0 0. 
Poultry mel)t supply o,n O.OJ. O.Cll ·0.009 O.S ° -0 0 0 0- (I ·1 0 4) 

Poultry meat demand a- (} 0 Q ·l.3 0.2 0.4 (1 0 0 0 -, {) 0 
H6n ~ggs StIpplV 1 0.03 o.c'n -0 • .003 a- 0.35 0 (;) 0 () 0 0 -1 0 
tten ~ggl> Q6mand 0 G 0 0: 0,2 lA- 0.4- 0 0 a 0 1) ·1 c 
Pig maDl supply ".c.8 0.03 0 ·(toOa 0 0.108 O.4S 0 0 0 0: 0 0 ·1 
Pig: meat demand {) 0 0 0 0.2 C.2 Lt .() 0 () () Dc :0 ,.1 

TABLE V.2:; INVERSEOFPtGGOt :ET AL ~SELAST:ICrrYMATRIX iNDONESIA 
P.rlce Pnce ~nct! PrtcP. Prjcd Poe!! Ml.lft~ feed P..eartyt Peanut 'F'ou.hryHen mttiJf; 
mauu mafte PftlJnU~ peanuts poultry PriCe hett PiG food, quanti f.Qod teed meat ~glt$· !.JJl!lntit 
food fw'ld f!lad fend meat eggs Ineat quantity ty q~uuitity -qUMttW l:tuantity 'Gtjijl\tity ¥ 

Mmtft supply 100d 14425 1.4425 0 2.181:·17 0.04:21 0,.04·212 a '5Se .. 1S 0 :11:48 0 ae"17 2E~r1 0 
MaiZft food demand J.Z4:SS :3 .l433 1.852$1: ·1.852907 -0.100S 0,1'Q054 OA111 .004171 -0 . .36 0.358 ·LlS9 'LlS9 ,.1.313 1 .. 3:13 
Maiza mJpply teed 0.0632 .0.0632 ,2£ t9 ·1.52E 1S 0.73U! <{l,7:H71 AE·19 4.3E·t9 0 2~lg 0. 0 IE~l9 0 
Matte feed demand 2.9$3,~ 2.9535 1.62855 ,1.52a'546 ·0.01114 'O.C9137 14.96 ·l4.9603 -0.3'5 O.n4V 4.'0$ 1.'05 ~1.1$g t.;H~9 

Peanut sUPilty food 04159 ·0.471$9 ·OJJ412 OJ.l42.2,OO4 OJ1103 ·(UnOa4 o.o'2a9' "G*O,l;G'94 O.as C.sgl i')~10'4' ·n.H'S .0.201 ~O.2 

Ptlilflutfo()d demand i \411 1.1411 0.0.433 0.0432S25 O,(}37S ,Q,,{)31a40.021S .0.02153' 0.09 .0.094 O~t:rZ02 ·O~S~ 0.2.0'5 ..o~2J 
Peanut fel!d suppfv 0.9518 -09!HS 0.'0415 0,04t50'&8 00.271 ·(U).2'i73 r.H}~6S -0.0255 0.09 ;0:.09 '0 .. 0819 -{).Og~ O.1't -o~71 

?eanut feed .:temand a 2812 -0.7128 !l 1.136E·18 O.OGilZ -0.0062:1 3E·1S ':2.61;·1.8 0 9E49 o ~11:"1$ -2EwlS 21:4& 
PaUltry ment supply 16398 ·1.63'98 ·O.asT? -V. 1023GB 0.0507 -0.05011 0.00:31 ·O.093(lS tL2 "0.1'95 O.SS2S .. 0.5'83 '0;.866' ~(),"'87 

PouItry meat uumand () JJOS$ ·(UJOS9 2.2.E·HJ ·.g.;.89E·2G --G.12S7 ~t.).270aa .. 8~2Q S.le~20 {l 1f~2.1 454'9 ",2£"'1::9' 1~ .. 19 G 
Hnn ~ggssl1pplv .00145 (Hit 45 O;OHZ2 {i.{H 1218 O<OOO~ OJ'OO4$ -0.127 .0.272$4 :(} Se~04 ·(tQOS 0:.'005 ~O:..OO60.005 
Hen tlffi1$ demand ·O.COSS eUlOSS O~02ge .o.029~Ol 0,0'051 ·0;00.5.1'1 .Q.:019 O.Oi'B$ -0.11 ·0.286 0.,,0201 -0,02'1 O~Oo~ "OJl8: 
Pig meat supply ,1, l301 t 13t)ol 0;03565 -0,,0355$3 .0.0391 <),.03'9'11 ·0,02.3 0.0227 .0,,)2. -0.'023 ..Q.:S1c5 ·O..:lSS' O.C1af:f ~a~Q:4 

I1g meat uemand -0.7224 0.12.2.4 tHl2SS6' .0.02$5&1 ..0.021 0.0209.7 -O.'OlS0.0'Hl2ctl tt04 ;o.<.l38 0.0549 .Q:.;USS .oc>7 -Q,,;3 
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TAB[EV ~3:PIGGOT ET AL~S EXOGE:NOUS VARfAstl:S .ElASTIC1TY:MATRfX (OlMATfUX 

MAIZE VSAN\JrS fiEANUTS 
Mf!OIUM 1\fAIZE tOW MtmlUM 1'0\.." 

INCOME QUAUTY OUAUl'Y OUAUT¥ QUAUW 

Price matzo {t:lad 0 () 0 0 0 
PrJce majl~ fued 0 () () {) 0 
Price peanuts fnod () 0 () () 0 
Price peanuts ftl.od 0 0 0 (} 0 
Pflce pouttry ronat 0 0 0 () (1 

Pritt} han llggs () 0 0 0 () 

Prt¢e Pig meat 0' 0 0 0 0 
Maize food-quantity 0.55 0 0 {) n 
Marle teed quanUty -US (} (} (} (} 

Pilanut fead qutmtity -0.6$ () 0 (} 0 
Peanut feed quantity 0 0 0: () 0 
Poultry meat quantity ·1.03 0.0504 {U}22. OJ)336 0.1815 
Hen eggs qualltltv ·1.5 0'.0035 0.002 O.ocrM 0.Ot65 
Pig meat (tlilll'ltity 1'.0.1 () O.V;a24 0 O.IB4f! 

TABLE V~4:P1GGOT·S GENERAL .EQUILIBRIUMELASTlcrrIESMATR1X 

Pfi~ mat.ltt food 
FrJCU maize feed 
Pti.ceM8nuts t<)otj 

Price peanuts foed 
Ptlee peultl\, meat 
PI'fCC hen ~g9s 
Prjeaplgmllat 
MallO" f(1od--quanml/ 
Maize feed quantity 
Peanut tuod quantlty 
Pannut feen qUl'Intlty 
Poultry meat ql,1sntity 
Hun eggs quanbty 
Pill meUl 4Ulliltrty 

MAl2f PfAtrurs 
MEDIUM MAIZE lOW MEDIUM 

mCQ~"'.( tltlAUrY OUAt5fY OUAUT'f 

·SE·1S IE·1S 3E·19 !LS~5E·19 
0.5019 0.05:37 .0.05227 0.0351798 

lEolS 2E~21 -4E'20 1,561:"21 
·8.45t4 n.ti4Sa 0.0475& 0.032:4099 
-0.5039 .Q.ti046 ·'0.0064 ·0.0030$6 

V&\NU1'S 
to\.v 
(lUAUiV 

~e·1S 

0.4312 
.:lE19 

O.J9Za 
·0.0521 

0.4413 -0.'0305 -O.Ot78 .Q.OaO:344 -0.14:72 
<C.~402 ·Q.0016 4):CHaa .aOOfO-t8 ·O.tS4;4 

2EHS ·4E-l9 ·Hi·l9 ·2.3'1E·19 tE~18 
0.07 ·()O21 41JJ264 <0.017975·0'.2'118 

31:·19 ·8E·2l ·6c·.2:1 -S.2E-,21 :SE';W 
-O.lSi5 0.0003 (UJ0024 0.'0001085 .n.OGtS 
1.25.84 ·{taoO's ·o..OOlS ·.0.000542 ·0'.0,14:0 
a. H~69 ·Q.!)Q·92 -0.0048 -0.006144 -0.03$8 

1393 -0;0053 ·0 • .009.\1 <().OO3~'3 .(l.<:rn 

3'8 

INDONE·$lA 

IN QOf\4ESIA 



TABtE V.:5: PIGGOTETAL·S 'ELAS:rICiTIES MATRIX PfillitPPiNES 

Ptice Pric" Price Prlco; Prlca Price 

maize maize pe;;Jt)uts peanuts poultrv f'ricehe~ {llg MaiZe MaiZe Peanut PlltJl'iut Poultty Hen Pig 
food feed food fsed meat eggs mfJat food toed food feed meat ~ggs. meat 

Mtlita supply food 0.122 0 .0.02 0 '0 0 0 ·1 0 0 0 a 0 () 

Maizefopddemaod -0.2 0 0.02 0 '0 0 0 ·1 0 0 0 {} 0 0 
MaJ~esupply feed 0 (Un 0 0 0.11 1 (l.8 G ~l 0 {) 0 0- .0' 

Mln~e feed demand 0 -0.5 0 0.02 0.03 0.03 003 0 ·1 0 0' () 0 0 
Peanut supplV food -0.0l 0 0.37 <> 0 0 0 0 0 -1 Q 0 0. 0 
Peanut food demand 0.05 0. ·1 (} 0 0 0 0 0 .j 0 0. (} 0 
Peanut feed supply () -0.01 0 O.Ot8S o~ooa 0.003 Lt.OO~ 0 0 0 ·1 Q 0' 0 
Peanut feed demand 0 0.05 0 ..a.OS 0 0 0 0 0 :0 ., 0 0: 0 
Poultry meal supply -0.11 0.03 0.01 -0.003 0..:5 0 0 0 0 () () ·1 0 0 
p(ltdtrvmeat demand {) 0 0 0 1.a 0 .. 2 0.4 () 0 (} C ~t 0 0 
Hen eggsslJpply ·1 0.03 -0.01 ·0 • .003 () o.as 0 :Q: 1) '0 () 0: .1 .0 
Hen eggs demand 0: 0 0 U 0.2 <1.4- OA .0 '0 {) () 0 ·1 () 

Pig meat supply -O.S OJ)J 0 ·O:J)03 0 o..os 0.45 0: {) 0 0 0: 0. *'1 
Pigmeatdamand .0 0 0 {) 0.:2: 0.2 ·1.1 0 '0 0 '0 0 0 ·1 

TABLE V.S: INVERSE OF PIGGOTET AL'SELASTICITIESMATRIX PHIliPPINES 
Price Prme Price f'(ice ?riC:ft Price Malzft tMd P~allut?e~mut ?cuttry Hen meat 
maIze malZe peanuts peanuts poutlry Pricenen pig food- 'Quanti' fOQd feed meat eggsc quantit 
food teed food feed meat eggs meat quantity tv tluantity quanttW quantitY .quililtityy 

MUlzeSupply food 3.1226 ·3.1226 0 -3.47£-18 £),0912 ·OJl9T17 2e-11 <2 .. Ae·l] 0 'tE-tB t&l$ iB,E·17 9s..11 '&Ef'l7 
M6I~efood demand -a.60&2 3.6062 0 .. 95115 -O.9sr75Z ·0.1'083 O .. 10~ 0.2142 -O.2l42.5 -o,1'a (M84 -t>.S9S 0.595 -0 .. 6.74 0,,£74 
Mat~e supply feed 0 .. 1368 .0.1368 2.2E .. 19 .. ~U~5e .. H! O.7illS ..0.7-3392 4E·lS ~a.1E~T9 0. 4cc.19 75-18 ~3E48 4t:".18 3S .. 18 
Maiie. f.eed demand -3.392.6 3,3926 0.84651 ·0.836S09 -0,1017 o .10{ 69 *4.78:2 .14.782 ..0.19 O:.l94 ~~.S5SO:.555 "O .. /J350..:6"3S 
Peanut stlppfy food 0.9524 ·0.9524 .0.02:11 0.;0216764 tlJ')c1;42 ·OA)24l9 0~oa15 .0.03156 O.5S ~O.S$7 O~09't'S ·O~OS2 O.:rS6 ~O.l~: 

Peanut food demand 2.4034 -2.4034 ·0 .0'222 O~0222.:3;Z2 0.07·9:9 ·0;o1'a9:5 0.0324 -0.03237 0;09 ·0.09 0:.607 .;0 .. 601 o~t~H -0*19 
Peanut teed SUpply f .9838 ·1.9S38 .0.0213 0.0213201 tH)'5'lS: ·(}.O578 D~C3'1 ~Q~03'104 0.09 ~~08a 0.0693 ·0:;069 O .. 6;J13 ·0/1 
Peanut feed demaoo ·0.521 a ·0,3782 1.3E-18 0 ·0.0036 0.00356 21:-1S -2.1E .. 1S () 4E~19 SE-l7 .1E"lS lE-l1 1&11 
PouLtry meat supply 1 .8955 ·l.SSSS ·OAt511 "0.SaS$97 0.0568 .:0.056790.1$14 ·O.lSl3:7 a. i f ·0. i 11 ().30SS .:a.at ai.~$.1 ~~a 
'Poultry meat demand 0.0194·0.0194 S.5E·;20 -2.046-19 .o.72~4 00.27064 ~~E"20 4.9/:-21 0 3E~2Q ..te~la, ,,6E~ 19 oE':..'l9 Sa':lS 
Hen .eggs supply ·{);0.107 G.OlO? 0.;00$76 -0 ;0.057 62 ..0.00.0.3: 0.;.'00033. -0 728 ·O .. 271tH o <·SE~n4 "t'i.OQ2(h'002 '();C02 0..<:502 
Hen eggs t1emand 0.0361 -0.0361 0.0152 ,(UH5~05 G..OOuS ·O.OOu46 ·O:Oc.2:2. :GOZlI4 ..{}.71 ... 0.289 O~O491 .Q;.03 O:~{)1S ·Q,J)'i 
Pig maar supply -,2.3808 2.SS0S 0.01325 ·0;0'1825'2 ·0.0756 0..0,1551 ·O.O~7 0.,02.$59 0,,03 -O~2& .0..8'04 '()~'96 0..048 .QJ.lS 
Pig meat demand -1.5111 1.5111 O.OH07 ':(},0.1467 ·0.",0.44 {M]43SS ·.0.021 QJ12iSe: tMi4 ..Q.o-n 00.0635 ,,0.004.= ...Q;;o~ 4)~al 
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TABl;E V.7: PIGGOTET At. 'S EXOGENOUSVARIABLESELASTleITU~SMk'FRiX ('OJ PHILIPpfNes 

MAIZE PEAN\1TS PEANIffS 
MECliUM MAllE lOW MroruM taw 

INCOME QUAIJTY QUAliTY O\tAUTY QUAliTY 

Prica n1aiu food 0 0 0 0 0 
Pnce maize feed 0 0 0 0 0 
Price peanuts. food 0 0 0 0 () 

Price pes nuts feed 0 0 () 0 0 
Pncepaultry meat Q 0 0 0 .0 
Price hun 8g0s 0 0 0 0 ('} 

Price pIg meat 0 0 0 0 0 
MUize food·quantity 0.65 0 0 0 0 
Maize feed quanntY -1.5 0 0 0 0 
PeanutfoQd quantity ,0.65 0 () () {) 

Peanut feed quantity -1.5 0 0 0 0 
Poulrrymear quantity ·1.2 0.0392 0.0318 0<0168 CU)848 
Hen eggs quantity ·1.2 0.0028 0.003 0.0012 O.~O8 

Pig meat quantfty -1.5 0 0.0336 C 0.0$96 

TABLE V.8: PIGGOTET At.·S GENERALEClUIUBRIl:.fMELASTJCIT,eSMA:'fRIX PHILiPPINES 

MAIZE J>€J~NUTS PEANUT$ 
MEDIUM fl.1A1Zf LOW MEDIUM to\'V 

lNCOME aUAUn- OI:JAtfrV OU4lJlY OUAUTY 

Pnce maite food ·3,E·l S Sc·lS -5E-l$ ·1.~9E·Ul 1f·18 
Pnce tl1at~e feed 0.014£ O~0214 0.03956 0.00H189;'2 0.1055 
Price pelllluts food -2E·l7 ·lE·19 3.4E·21 ·5.36e·20 9£;·21 
Price peanuts feed ·7.$)897 0~02 0.03715 0~OOa5S78 0.0991 
Price poultry meat ·0.4B84 ·O.OO~ 1 -0.008:6 cO.n013:! ~.O23 
Price hen egg$ ·0,2188 ·0,0233 ·0.0251 ·O.OO9~69 -0.057 
Price Plgrneltt 0.0978 -0.0008 0.0230 4j.OOO32~ -0.062.6 
Ml:tlZ6" food· qvanttty ·6E·17 ·21:·19 1.3£·19 ·1 QSE.19 3E·19 
Minte feed quantity ·0.1854- O.alli -0.0208 -Q.004772 ·nOS-S3 
Peanut food QUi'lnttty 7E·19 c·2E·2C) ·21:·21 ~9'.B9-e· ,1 ·6E·21 
Pea!1utfeed quantity ·0.1498 7E.OS 0.00012 S.lS1tNlS 0.0003 
Poultry meat quantity 1.2802 (t001 0.003.2 '-{).OQ041 ·0.008& 
Hen eggs quantity 1.4478 ·0.0018 -'0;0077 -0.003239 -0.02.06 
Pig meat qU'antlty 1.2S0Sn.0044 ·(t0145 -0.OQl8.96 ~.oa'S7 
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TABtE V .. 9; PIGGOTET AL'S ElA'STJCITIIESMATRIX THAlLAND 

Pnee Price Price Price Price Price 
maita maize peanuts poanuts pouftry Price hen pig. Marla MalZa Peanut Peanut Poultry Hen Pig 
food feed food feed meat eggs meat f<>od feed food feed meat egg$. meat 

Mi3izff supply food O.OOOl 0 0 0 0 0 0 1 0 n 0 0 0 n 
Maile food demand 0 0 0 0 0 0 0 -1 0 0: 0- 0 0 0 
Metle supply feed 0 0.61 0 0 0.11 1 0.8 0 -1 .0 0 0 0 0 
Malzo feed demand 0 -0.5 0 0.02 0.03 0.03 0.03 0 ·1 0 {} 0 () 0 
Peanut supply tood -O.Ot () 0.3'7 0 0 0 0 0- 0 ·1 {} () 0 0 
PeanUt food demand 0.05 0 ·1 0 0 0 0 :0 0 ·1 0 0 0 {) 

Peanut feed supply 0 -0.01 0 O~Otg5 o~ooa 0.003 0.003 {} 0 0 ... i 0 v 0 
Peanut feed demand 0 ()'OS 0 -0.05 () () 0 0- 0 D ~1 0 '0 a 
Poultry meat supplv O.H 0.03 0.01 ·O~OO3 O.S () 0 '0 0 0 0 ·1 0 0 
Puultry meat demand 0 0 0 0 ·1.3 0.2 0.4 0 0 0 0 ~1 0 0 
Hen eggs supply ·1 0.03 ·(LOl ·0.003 0 0.35 () 0 0 {) 0 (} .1 0 
Hen eggs demand 0 0 0- D 0.2 ·1.4 OA 0 0 () 0 0 ~1 0 
Pig moat $uppfy ·0.8 O.OS 0 ·0.003 0 O.OS 00.45 0 0 0 C 0 0 ·1 
Pig meat demand 0 0 0 0 0.2 0.2. 1.1 0 0 0 :0 {) {) ·1 

TASLEV" 10; JNVERSEOF PIGGOl' lIT AL'S ELASTICITJlESMATRIX THAILAND 
Price- Price Price Prjpe Priee Price Mal~e feed Peanut Peanut Poultry Hen meal 
tn8l2e maile peanuts peanuts poultry Prie(lheh pig food· quanti food fMd meat eggs quantit 
food feed food feed meet eggs meat quantity tV quantity qusmityquantity cquantity y 

MaIze supply food 10000 'fOOOO ·2e·17 1. 79:5E·17 ·9E~19 i.1E·la 3r'lS IE·i] 0 IE-lS lE-r6 3E~17 ~6E'17 0 
MaIze tood demand 11549 ·11549 0.95175 "0.951753 ·O~003 O~003 0.2142 ·0.2142.5 -0.'18 O~la4 ·0..$95 ctSS5 "();S14 0;6:74 
Marla supply feed -437.96 437,96 -31;-19 6.502E-T9 0.72,99 ..Q.72993 0 6.5E:.l9 0 4E·T9 7E·1S 3E~la ·3E,.l8 0 
Matle feed demand 10865 ·t0865 0.83651 ..(j.836S09 -0,0026 O~00263 14.182 ·r4.78t ;O.l9 ~~i$4 ·0.;555 0;.555 ..0.:638:0;638 
Peanut supply food -aaso.} 3050.1 .:0.0:217 0.0.216164 ·0,0030 0.003£2 0.031& ·0.0;"156 0.59 ·QySS1 O.a9la -0.092. 0.186 .;0,,19 
Peanut food demand ·7696.9 1696.9 ·0.Q2;22 .0 • .0222322 0.0038 .0.00378 0.0324 ·0'.0323:7 0.09 .;0~09 O~t)d7 ·O~607 O~lgl .0.1'9 
Peanut feed suppty ·6353.2 6353.2 ·0.02.13 0;0213201 -0.0001 0.00012 0.031 -O~O3104 0.09 ~O.OS6 0.0693 ~O~069 0~a96 ..;0:.7 

Paamn teed demand ·lE·16 ·1 4.lE·2:2 -1.47E;· 2:1 2E·22 0 Se.-22 -\.7E-21 0 0 U '0 8E~2.18S-;2.1 

Poultry meat supply ·6070.2 6070.2 -0 A 611 0.538897 O~OOjS ·0.00145 0.1914 ·0.19137 OA T ·O~ 111 O~3095 ,·(bJ:1 0.357 ·0.36 
Poultry meat demand ·6.2.044 62.044 ·4'E·20 ·6.lBE·ZO ·OS2S9 .0.27007 ·lE~19 L.7E·19 0 .3E·20 ·9.E ... 1:9 3Er20 ·SE:..l13 0 
Hen eggs supply 34.208 -34.208 0.00S7S ·0.005162 -2E-QS 1.91:,,05 ·0. 728 ·0.~7151 o ';SE·{)4 ·QX>02 O~Oa2 .O.OO20;.OOZ 
Hen eggs demand . 11S,;$'5 1 iS~55 0.015:2 ·0.0152.05 O~4J054 .0.00541 ·O~O22 0~022'14 ·0,,71 ..Q~289 0.;0"2.97 ·OJJ3 0.0;15 .0~07 

PiG meat supply 7624.37624~3 O.Ora26 ·O.t'.ll8262 ~O.OOEn Q,,00606 .().O21 0.01659 O.~O3':0,O26 ~O.S04 .O.f96 0;048 -0.05: 
Pig meat demand 483£1.2 -4$3.S .. 2 0.01461 -0.01461 00002 -0.00017 -o.o.:n Q~02r35 0~04- ..Q.041Q.'0636 .;Q,;;.064 ·0,,69 ·O~3'1 
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TASLE V ~ 11! PIGGOT ET AL 'SEXOGENOUS VARIABLES ELASTICITIES 'MATRIX f DIMA'TRIX 

MAtlE PeANUTS PEANUTS 
MOOIUM fiiiAtzt; t<lW Ml!DItJM tow 

lNCOME (JUAtJfY QUAUTV UUAU1Y OUAUTY 

Pttett matte foad 0 0 0 0 a 
PrIce Malle ttlud (] a c {) {) 

p~ peanuts food 0 0 {) 0 0 
P!m~ peanut.~ feed Q 0 00 0 0 
PfW" poultry meat 0 0 0 Q {) 

Pncu hail eggs £} (} 0 .0 .0 
Prtc6 p.tg mefJ! () {) 0 0 0 
MilIz:e faoddluuoutv O~SS 0 0 0 0 
Mml~ feed quantltv -1.5 0 0 0 0 
?6sOtft food qunntlty ·0.65 0 ° 0 0 
Peanut feed qut!nttty 15 0 0. 0 0 
PCnJltty mest QUllntlly 1.2 0.042 0.0195 0,0392 0,,053 
Han 1tggs quanttty 1 2 0.003 0.0075 O.OO2S 0.005 
PfU moat quantt!v ·1.5 0 0.094 0 {LOSS· 

TABLE V .12!P1GGOr'SGENERAL EQU1LI13RIUMELAST1CITlESMATRIX 

Pm::e malle food 
Prtw nUtlze feed 
Pllee ptlanuts food 
PhC{} peaftu.ts fe~d 
f'tiee poultry meat 
Pnce hen tlggs 
Pneu rug metn 
MaIze fOQd·ql18fitity 
Mal2# fl'll1d Quantlty 
Peanut fQQd quantity 
Peanut feed quantity 
Poultry meat quantIty 
Hltn 'I1ggs QutUltlty 

Pig mC(ltf!Uantrty 

MM4E f'tANtffS 
MEOIUMlvWl~ LOW M(OIllM 

'INCOME OU.AUrv QUAliTY OtJAUTY 

2E 19 lE·1S 6E·1S 9.3:26~·19 

0.0145 0.0.23 (LOSSSe 0.0.214415 
·SE·lS 1£·19 ·7£-20 1.Z74E·19 

-19891 0.02140.0.9189 0.0199681 
·0:.4884 -00033 ·O.021'tf ·0.003079 
0.218S ·0.0'249 OJl62S ·OJl2326cl 
0.0912 -0.0008 ...Q;OS97 ·0.000758 
·2E·2O 3E·23 71:·22 ;j.372E<13 

PEAf'MfS 
ww 
!lUA1.frv 

,4E·l8 
.0.0659 
·5E·2C 
O.Q:6~e 

·e;ot44 
-0.0419 
·0'.0.392 

5E·2.2 
-0.1854 {UH 19 .Q~05l9 -0.011135 -a.(ll46 

lE·1S lE 23 A'E·2Q 2.77e<'.3 ·31:·20 
·0.14$8 se.os 0.0003 7.361£:'05 0.'00'0:2 
1.2$02 ·a.oof ·a.COS} ·0 . .000$56 -0.0054 
1-4478 .{toosl <0~O193 ·0.:007558 -0.Ot29 
12509 -0.0047 ·{)~O363 ·O~OO442~ '0.0.242 

42 

THA1LAND 

THAilAND 



ACIAR: 
CAST 
CIMMYT 

Anstrnlil\n C~ntre rorlhl~rnatimlltl, AsdccUuralRe$~Jlrch 
COUl\CHt'Qf A~dct}lt\'ral $ciencelihd ~tf.chll()l()gY1 USA 
Centro Inler:na,¢ional deM,ejr'ralnientu de M~it 'i' 1'rig() (hltetnali(mi\IMllil.elincJWh~\l 
IllllltQVetuenJ' Ce,tller) 

FAD l-l)()lt MdAgd«;\llture OtgiltHsatlon, of the UhHed NaHons 
JA[{C fnteml!ti(}h~~ll\g¢ll~Y for ,Rcst'.fttt1ilOn CllM~r 
lCRlSAT Ihternational CrtjpsResearcb lr~stHute for $eud"Arid 1'topies 
iSNAR Int¢tllaHmull Service, fot Nutional Agria\m~ral. Res~~r(}h 
lUPAC Ihteml1tlou~.l UninnQ.fnmr~~bd Applied Chedll$lry 
,PAN Polsk,a Akademi~ Nut!k 
WHO WotldHenHlr ()rg~ni.sl\timl 

ACIAR(lCJS9). ACIAR prqjeet 8800. r~l!ngjal1d nlyc,()u)xins ilJ Asian f(md (lin,! feedstuffs. Ani)lIul Re,10fl, for 
theperiodl J111~'1988 to JOJune 1989. Unpublished. 

AClAR(l990), AClAR pn)jt!Ct 8.806, Fungi ,too luyculnxi.hs in. AF:iau food lind feedstuffs. Attuual.Reporl f()r 
the period 1 July 1989 ttl 30 June 1990, UnpuhlisheQ, 

ACIAR(19911. ACIAR pmje~t 8S06, Fungi andll1ycotnxjns in AsiunJood and f~~dstUftH, Annual Report for 
tbt: period 1 July 1990 l{) 30 June i~C:H. Unpuhlisheu, 

ACJAR( 1992). ACIAR } .. O,.,«t 8806, f'ungi and myC;.,otoxins ill Asian fo()d nnd feoostuffs. A.nnual Repod for 
the period! July 1991 to 30 JUJl~ 1992.l Unpuhlished. 

ACIAR(1993)t ACtAR .prqject 8806, Fungi and m),cotoxins in Asian foou and fee.tlstUf1s. Annual iteport for 
the period lluly 1992 to 30 Jutte 1993. UtlpuhHshed. 

Atston~ J M (1990). Research be·nefll$ in t1 tmlilimarket setting, ACIARIlSNAR Project Paper No 18. July 
1990. Canberra. 

Anderson, J. and p, Neaty (1992), Trade reform with quutlls •. (liirtinl rent retention and ttlriII~, cc('m(}n1l"trica~ 
volume 60. PI,57 .. 76. 

Arunlhou~~ A, (19811t S(Y~iat cost and btmeOt (If solving the aflatoxin prohlem in Thai mai.7..e. M. S. TheSl$, 
Thammasat University. Bangkok:\ Thailand, 

Bhat R. V. (1989) Risk to human health associated with consulllption of groundnuts. contaminllteo with 
aflatoxins pp 19 .. 29 in JCRISA1'(989)tAjl(Uo.ritl contmn;fUU;ofl o!gtowulnut;· prm'(Jl!dillJ.;,S o/the 
[1l(ernntio1ldl workshop. 6·9 Octoher 1987. {e'RtSAT Centre, India, 

Bhat R. V.{199l}, AHatnxins: succelist.;$ Hitd fttilures ofthrc.e decades of research. pp 80~S5 in Chalf1p. U. R., 
E. f-n~hle)'. A. I), Hockiug~ find J, I. Pitt (Eds, t 991 ) Ftmgi and mymwxills Int((J1'('d IU'(,l(ltll't.~: 
pn)(;l!f.din,r:s of mi lllll'rlWlhllUll clm,ft'rl.'IU'f'IBnng.kol\f Thitilund. 23·26 A.pril 199 J. AC'IAR 
Procee4ings No. 36. ACIAR. CanhemL 

BuUema. T, and I{, Altemeier (1990), Murket chnonds. quabty incentlvU!HU1U c()ulract hafvesling~ 'the ~~tt$e 
of maize, soyh.:~n 11I1U grnununuL Bull(~tin of [nt/mlt'Sitill EC0I1omk Soulies, Vol 26 Nu I. April 
1990. 

B(mis,H. (I9f14). An mtegrated c·ereal and liveslocksectnr tllt)del of the PbH.ippin\;\g for pnlky a.m1Iysis, 
Mime<l£f't!ph! lt1ternaiiomd Food policy Research instit.ute. Waslungtoll. DC. 

Boulton. $. L •• J. W. Pick }lIlU H. L. Hughes (1979}1 NeWt~ilstie {)i~e~.5e ntuibody tilers in laymghellsftid 
corn p.mnmnjat~dtoinnctivate atllltnxin. POlllfry SdrlH'('. Volume :58. No.4. July 11:)19, P J0.35. 

i:lrennat) J PI D L G()UYIl and B J Johnstoll (1989), iAn ~(lr}()mic framework foJ' !o"vuluaHng new wtH,mt 

43 



vadeHe' .. Revrmv rUMm·ki.!ting mJi' ASricmltur(11S<:OllOitlics, Vol. 51 .• Nos. 1 .. 2 t :1,t989,}1J1. 75 .. 
92. 

Bn.hateh 'T,.l\.!ldG: S~h\i~u (l977), R~S<.~f:ch\v()rk (HllJlQl'Jd>' f~ed erfe~t$ Of)growhig.pigs ilil.UPAC &; 
PAN (t977)~Mycof<1.r.ills in Fumi. PrqqQedings qr~he 2nd interulitional SY1npositlH1f Intel1laHooat 
Union of P~lte and AvrdiedChcnllstry nod IWlsklt Abdemia NUtlk. 23 .. 2$ JUI.)', i974t.f~uHuwy, 
Polarld,PliblisheriPl\JlstwoweWydttWhietwo Naukowc) VUllllwy. pp2 1(>,.224, 

Bufat~IO .. JayrM, ),13. M. Ahn~ro. M. C.A~ Castrti,M. T.Jt JllrdeleiA, L. A, Sularnlll (1982), A Qa$l~ 
control dlet~ry study of primary liver ClltlCet risk frotl1l\fllltoxin e~pnsure. Ifllet,wOO/wl JOlmml of 
EpidemIology, VohHne I \, No.2, Pl) U2 .. I 19. 

auret.u of ASricllltllral Sl4tistics (1993). Stnlislics 011 st:iloofeu miYor cmps }98l- 1990. (NatiotlnJ and 
R¢gional. statistics).Oep!lt1tt1ellt. of Agl"icultlu'e. Qtiei.ol1 ~l(y, Philippines, 

Canunhast N. D, (J993)t "h~ effects of goyermnent poUcies Oil w~Jf;tre g;.jns fmm ticct COrb l UliU COC()Ou.t 
research in thePhiHpJliilc..~~ iUle~ Hilt¢e~()nomic anttl>sis. M. Se, (AgricIIHural UconOluies) Th~siSt 
University of the ?hiHpplne."i Cos BttrlOS. 

Can.lino~Berl1lundo, A.G •. I>, ·R. Cubu¢ungkn and H. A. Z. Se.nnundn (I09t). S()(:io~ecOlI()l1licfacfm~,; 
affectlnn/he miliZ(lliQil of postharw?st le(~/UlQI{).gle.\· ill tha maiz£, Industry. Technical Bu.lIethl No, 11. 
Natiomtl 'Postharve.o;t hlst.ltute for ReSelltch lind Extension. NAPHIRBJ CLSlJ COtllllOund. Munoz, 
Nueva Ecija. Philippine,o;, 

CAST(l989}, MyclJIo.\:llls: Sc.'mUII1,h'IWd lit-Nt"" rl,\~kr. Task Force Report No J 16, Council fm Agri~!ltural 
Science and Technology, 137 Lynn Avenue. Altles~ lowlI. Novemher 1989. 

Champ, B. R" E. Highley, A. D. Hocking, nod J. r. Pitt (Bds, 1991) PUlIgi futd m)'C'{)(().tills in .tror(!(/ 
pr()(i1~cts: pmctuu:lillgs oj em i"tI1rlWr;()i/(11 cOIl/ertJiU'(!. Oangkok. Thailnnd. 23·26 Apl'il 1991. 
ACJAR Proceedings No. 36, AC1AR l Canberra. 

CIMMYT (1992). 1991-92 WorM 1iI(~itf!flH.'ISml(1 (((!lids: M(llz'(! rf!s(1(Jrch fm'{lSfl1J(~fl( (llId i/llplItts in 
dl've/aping countries. Mex.ico, D. P.: CIMf\1YT. 

C()uHbaly B. (1989). 'The problem of aflat(:)xin contamination of groumhnll and grouhdrnH. products as seen 
by the African Groununut Council l

• pp. 47~5S in ICR.lSAi(19S9),r1fiatoxin cOIltamimuiofl of 
ground,IlJt: proc(!l.'dfugs ojth('/lItert/(ltic1J1alworks/wpt 6-9 Octoher 1987. rCRISAT Ctmtre, Judill. 

eray , R. C. and. E. A. C. Crouch (1991)\ Inleraction of aOat()xin and heptlUtis B virus liS carcinogens in 
human populations, in Gray George A. ami Rynn, Donna H (Editors, 1991), A~ycmo.n"s. Omed,., 
(lnd Hed/liz. Volume 1. PenningU.)nCenler Nutntion Series, Luuisiann Stule University Press, Bilton 
Rouge. 

Davjs J. S., 11)93, "A Model for EVllhHition of Waste Reducing Posth;uvcst Research", Conl.ributcd Paper for 
the 37t.h Annual Conference of the Australilln Agricultural Economics Society. Sydney lJllivcrsity. 
Fcbnmry. . 

Deaton, A. and J. MuelJbauer (1980), An Almost tuelil. Demand System, American Ec'o/tomieRevil'w, Vol 
70, pp. 312 -326, 

Diewert, W.E. anuT. J. Wlil~s (1987), Flexlhlu fUndional f'(lrtllS amlg\nhal curvature conditil)l1S. 
ECOIWliU'I,.;ca, VOll\me 55, No.1, January 1987. pp43 ·68 

Domingo, A. R. (l992L Economics of gruumlnut see.d storage and wet season seed productjou, ill 
Nnewhanji. J. O . .(Ed.; 1992) Proceedings oJllw tltirreclIll1 ASEAN ,wlllinar ou gt'alll p(mhar\'<1,\'f 
tec/uw/agy, Btmdar Seri Hegawau l Brunc, Damssalam, 4~7 Septemher 1990, The ASEAN GrillO 

Post .. Harve..o;;IIJrogntlll! Bangkok, ThaihHlu. 

Estradrt. J. C. IlUU Mit C. S. gunfi/an (1991), Supply itnd demand ehlsficihes thr Ill~l(!f 3Qncultuntl 
C()JlllUoJities in the Philippine..';! Nlltionul nnd regional e~tinu\tes, ACtARItSNAR Projl!ctPl\per m), 
36, Mnreh 1991. .CRtlherrn. 



1~AO(J983h l'l:J$(4wrw!"ti J(ls~'{!sh'(]J~(tUt~)'(J!ftu)ij8rt,in$,FAOF(~mlaMN\~trHi(m Paper 29~FOOUailtl 
.AgriO\~ltufeOr:ganis!\tiunor tbe tJ'nlted Ntltio()s. Rome J983. 

l~letch~r.S.M.tZhll(lg; PingandO. H.Cati¢y(l992), GtoUnduul~;prqdltctiont 1IliHUltion. amI trade .hltbe 
1980.$,. in. Ni~am. $~N.{~d.1992), GraJJtt(lnut "'a Ql()b(~lperspccth~~': proc(!(dillg~\' (>Inn 
imertmti(Jilt11 warkshop .• 2S '" .29 Novenlher J991~ lCRISATCenh~I" Jndh •. 

Ontditler.'W. H"t R()[ligen~ V"O.,MdK.L!.u (1989) Elt.t.nic1.tiliJ' ill the Inuli»!ilu:walivuian dmll/n,se) 
AsricuHure llmJ ttllde AnaJysisbNisiui1, a(lQllOtllie.R~sl!4r(!h Service't Unjtedshltes .Oeparhl16nlof 
Agrlt\ultur~, Starr Report No A011889;.20. 

dUbert. J.: (199U.Regu)atQry aspects of myc()JoJtius In the.E~ltoreijnCominutdt:y Ilnd USA. pp.J94 .. un in 
Champ. B. R •• JtHighley, A .. O. ll()ckirl~tailtl J.J • Pin (nds •. 199.1) P!wginml tI~)·c(j{(,.rif1s in 
sloted IU'oduc.1S: l}·,·()t'ee,Jilt.~s qf1lU blU!nttltirUlal f!(JIllen.mce • .llI .• nSl·mk~ l"haHan~t 23.:2(1 April' 1991. 
AClAR ProceedfhgsNo. 36, ACIAR, Ca,nberra. 

H~mJntpth fI" B. (1981)l AOatn~ict)sis in farm aniolalsj in Zuber. M. 8" a .. n, J .. illehuJ .and. B. 1,., Renfro 
(Editors,l9S7), Ajlmo.tiJl iil maize: A prl'twtdiugs (l/rlU) works/wI'. l'IM.MYT.Mexico~ r). F. 

ftilUliltoo;P. B. and J. J), OaiHell (1971). Afl~to;v.inas R possIble (:~Ulse ()f fauy liver sYl~drome in laying 
bens. POl/llry Sc(t,UU!(, Volume SOl Nt), 3 Mtty 1971. 

flenn.eberry. 8. R. (l986)., A l'el'i(!W ('if agriculnJrlII supply re.~lumsesIQr blttnmf.imml politj' modc'/s.; prepared 
unuerAsriculturaJ PoHcy Analysis r"oJeet U. S. Agttncy for InwtnatiotJ~1 Development Contrtld 
No. DAN~40S4 .. C..oo .. 3087 .. 0(). Deparltnent of Agricuthmd I~conQmics.Ok.laht)nlaState University, 
Stillwater. OkJahonm. 

Hsieh, D. P. H.(1979). Ua.t!i.c metaholiceff'ecls of myc()tnxins* in Natio.nal Re~lft~h C()utl(.;U(l979). 
Imcrm:tio.tl (ifm)ll.,~u)xill.f il1tlllimnl praductilm. Pro('f!edings qf a sympMium, Jul 'Ii 3, 1 eJ79 ~ 
M.ichigan State Utlh'ersity. National Academy of Sciem!es t Wasbingt.t)f1 .• JiP4J-55, 

Huff. W. E." R. D. WY~Hlllnd P. a. llamilton (1915), Bffects or dielJlry Hllatoxin on certain e~g yolk 
paral11eters. Pauln)/ Sdl'/ice. Vnhmle 54. No.6, pp 2014 ... 20t8. 

International Agen~)' for Research Oil Cancer (JARC) (1976)* Some lUuurally (JcwrrinJ: s:ubsumt>tw •. IARC 
In(m()graphs ()nthe evaluation ofcnrcinogcnic ri~k of cht.lUlictlls to lJum. l"you, Prance. Vol 10. 
P1151 .,.72, 

tARe (1987) fARC l1uU/agmph\' an tlu:, (ll'llluatimi of (l.ltdnogellic risk at dwmknls to htmums. Supplemerll 
7. Overall twaluati(ln of carcinogenicity! An upthtting of (ARC monogrnphs Volumes I. to 42\ Lyon. 
France. pp83 ,,8.6. 

Key!, A. C. anu W. p, NotreQ (1979). UtHi7.fltion of ilt.latox.in~contalllinat~d [ceu, in NutionaJ. Rcseurch 
tlounciI(979). lllu~ra(!titJll of mycoroxills iuanimal pn:ulucl/ofl. Pr()(.'('(:'tiings of (l symposium. July 
13t 1979, M.ichigan State University. Naliomd Ac:~derny of SciellcttS, W~tshington, pp 185 ~ 195. 

J{lliper .. Ooodl.l1lm. T. 0991 h Approao.hes to risk asseSJ;ment of mycutux.ins in fb()(Js: anatoxins. in OrtlY 
Ge.()tge A. and R}'lln. Donna 11 (Editors, 1991). "{w'Oltlr;illS', CtmCt~r~ muJ IIl,tillh. Vnhul1cl. 
PClllli 1'1 Slon Center NutJitioti SerieStU'luisiiUla ShUt:: Un.lversity Pres.s .• Baloll Ruuge. 

Labadan, M. M. (1993). Corn nmlthe feedtninin~ indtlstryin th~ Pbillppines 10 Naewhanij. J. 0" Ed .. 
1993. Sfllll1 (),f the' m1 of/btl gnlinilldustry itll/tc' ABEAN: A.,.{(U·Wi uU grain/ttuullilfg (tIul 
pr()€.'('s~fltlg. Pmcc.editl~s of the Fifteenth ASEAN senlinar on Grain postharvest l.r..chnology. 
Singapnre.S·ll September! 1992,. The ASHAN Gl1lin Post .. HatVest progttmlllle (AOPP). 13allgkuk.. 
"hailand. 

l •. udd, 0 Wand V SU\lllnnunt (1916)t 'A Ulodt.!l of conSlllher goods ch;.racteristics l
, A1iwt1t.'tW JmmUli of 

Agricl(lwrorec()f/()mhw~ Volume SR, 1916.pp 504·10. 
45 



L:anlritn~~ ArwQ9th N~,199a,on 'cr<ms in'11,l~jlan!l;,\n(lart)dlh &.5* iand;Man~all\nt\i (ndIturs" 1993) 
aHs~>ds(n·AJdl\~l?a~ifie(~giOthJ~~~i'mtlIOmceforAJ).iaal1dPa<!ifi~·{RAP.A1FoodamJ A~r:icutture 
Organ.i$iltjon ()fth~tJnite\f NliUI,U}$'\ nM~k{)k\ J9~>:h 

W¢lt$ter,.lS:, ,J{19(6);' A new~pprt~llch 'o~oosunler theory ~ 'Jv.IInmlo! Pa1ilh'rll }lcmJOH,,* Vulum~ 7:4. 
1966. 

LHl¢b()j~E. <It t1987) l1)e ~nlll()xhl~in~m~i1,evr{)h)em: ThehjstI::H~j~lp¢rspe~ti.vet hlZlIber1 M.S. t ll.lJ, 
J:'iUehqjland ll.t. R~tlrm. lids. 1987. ¥{/1xuoxin ilt maize: A PfOC(!J::dirr/lJ'o!llm warkrhop. 
ctM,MYT"Me:dc(), Oi,rr. 

l .. uhttfw;(, A SO(t9S3J, 'CoJl1m(,"~itycha(ll~tcristl~iliUldintur temporal illconsistency', St7(JUir/J JOlmml oj 
Pa1i{ic<tl8cl1flaw}I .. Volvml: JO~ No. i,Pehnnn'y 198:,t 

L~)bulWlif A SO (198.9)*.A geometripi.llltl)dl\cduJ) toehuracteristics space~Cb~pter 2in Lulmlwa(1989) ; 
Meclmnl:mts <if 'tm~ ~;bt)k(!: A sllUly t!/l(!(ll'ufng by llsing ,Onwer Publishing C'0Inpau}1 t Avebury 
ImJ~rlnt. Jli:\nlSt EoSI~'ld, 

Mai1~QUa.nt~ Improvement Research Celllre~199a)_ Resea~l.l rC(){)J:tnll.mail..c(t~lilntyiU1PJOVeJ\lent rese~u~eb 
~\;!nttepro.j~.et: Posthaf:Ve$t~ A:llg,ust 1992.1j.lp~lbllsbed~ {)epltrtment. of AgricuHure.Ministry of 
Agricuttute al1dCOOP\:lta(j\!~l)f "rh~ihlrcl and Jap~m International Cooperation Ageilcy. 

Martin ~W. at}d J. M. Alston (l99~J Ail e.Wl("t (Iplmmch/or cwt/JltUiflg the btllU.;fJ1s/rom tf!dutfJlog{ctti 
rllllnge. PC.l}iCY Research Wt1rklngPa.l'ler WI'S 1024. lntema,tiouaJ EC(mOHUCS Department) The 
W.o.rls B(lnk, November 1992. 

Mekv~1I1ichl K. (199a).llromotioJlMd !ldoptiulJ. ·of grain.poSlhal'vest teGhncJlogy in l1uiHand. in A. S.Frio 
(Ed •. , 1992)~ PrOlltatil}ll milL (u/option of grtliU past/wt,'(wIT£'rlmoiog)t in rhe ASb"'AN reg/rm. 
l'roCl!e~litlgs ala spf!cia/wpics w(JtksllOp. Cebu city, Philippines .. 16 .. 19 June 1992.\ ·n1.e AS.EAN 
Gtait'lP()stharv~st Pwgramme, Bangkok. Thuila.nd. 

Nilta,tooja. 1 Y. C. RlldH. HaUd (1993). 'nlerice, com (too soybe.m i.lllJust.rk\i i.o Indonesia. in NaewbMU~ J, 
O .• ltu .• 1993. SttJteq/the (lH' of the graillilldustl)' illtht! ASEAN: A/oells (m grtlllllumdling and 
proc(J~fsil1g. Proceedings of the FHteenlb ASBAN sennnH.( onOrato p\')stlnrfv~~t.teebnolosy t 
Singapore. 8~11 St:ptemhcr, 1992, Thtf ASBAN Groin Pm.H.larvest Pt0;Jnunul£> {AG,P!», Bangkok, 
Thailand. 

Neathety,M. Wq W. H Moo, R. D. Wyatt. \\I, J. Miller, JL P. Ol~try and t. W. G~nfse (1980)\ 
Brf~ts of'diet"ryatlat,(l.xin on perfc.lrmlltlce and l.Hll,,' metabolism III dairy etdves. JoufIl<11 aIDa;,-y 
SciellC(t, Vol63 t No.5, M.ay 1980, pp789 ·799. 

Nichols. T. E. t (1981) Aflatoxin in Southeeastcrn USA. m Zuber" M.S., E. B. UUeh(~,~I:ltld B. L. Rellfn). 
Eds. 1987. lfJ1aw:titJ ill mu{ze: A prcJ!'i!(ldfllgs (utile 1~'ol'kt;lwp. CIMfI..fYT •. Mexico. D.P, 

Pableo. C. R., A. R. Domingo. M,e. Igru~do, J.1. Loreu?una and Sant(Is! A. a. {f986}. Tbe Philippine 
gf()ununutindustry: A S{)ci(N~Ouom.iC' profI.le. in deM~sa 8.M.lEd_198M Grain pnUl'f1i!m Intne 
posllittt'WJS( system: Pmceel.}jngs of the 9tb ASEAN Semmar on gnUIl p()5iharvtfst technology. 
Manila. PhiHppln.es. 

Pltrton, K. A. and R. R. Piggot (987), Norlh .. S()uth gJllltl pnlll.'ieSt amI i.nt~maUonal trade: Indnne~ul ttlUl'llry 

paper. Pilper pre~t;:lnt.ed to a \\,Il .. k~hop on Nnrih·,g(lUlh grainpuUcies tmt! l.nte·rnatl(lIlal trade: 
sp()Ilsoretl .by the J<.eUog, International FuliowshtpPrognlln in I.::oud R),stI!JllS.i Hha(.~a, Nt·\\, yurk. 
Septemher 14,,[8, ,}987 

Patterson. D. S. P. and P. A. Roberts (1977). Myeotoxi.HS ht <luimnt feedstuff,,: autuml dise~18e und puhIk 
he;iHb .ctmSiaenltioDs. in ~UPAC & PAN (HJ77). MY~¥1lf),,t';li.r in Jif·md, Pr()ceedings of the 2nd 
hllemaliclilal Sympo,Sjljnl. lnternal.ional Union nf Pure nut! ANlHe!lChemisll'yand Polska At'ademhl 
Nuak, 2.3 .. 25 JUly~ ~914. Pullawy. Polund, )'ubUsber: l'anslwoweWydllwuid\.vo Naukowe. 
Pullawy, pp99"10.:1, 

46 



'J>eers'.F.G •. ~O. A.GlhW1nt,1:IDOC.~.J:.insen.(1976)i .1)1~hH'Y~fl~H()xiosml(1 bUfn~ln liYercapcet! a.shuly 
ip, SW1l1jlllrt~hJltu!flJiUiKUml4f(>Jlril(l1 o/(J(wcer, V()117.pr 167~.17G. 

P~,ts.F.O •• X"B()stlli, J.:KaldQt~·C" l\. l .. iJl$ell"lll)ltM,Ph1ijtJ.il;1l1 .• (19S7h Anat()xlne~pusure;hep.at.hjs 
Jl viillsin{ooUonllnd.Jiver¢.ancer inSW!l7JtaOg, IntttrJIm.lcmalJmJrtul/o/Clwt'cr, vol 39; .pr 545 .. 
SSJ.; 

J1iet. A.C.(l9S7)'J Ana(()~icosis.fmtlimmu"nstlppressiooioman'l~narlllrlim~lsf;rtZIJher. M.S., S. fl. 
Lill~hoJ$ anUS.L. Renfro, ads. 1987. Aflll!Oxillil. "wite! Aprocee.dings f)f the workshop. 
CrMMY1\Mtt~it.'io*O.P • 

,Piggot, R. R."K. A. Partt)Jl,ltM+ Tr~~dgoh:l~l1dB. Hut~hntat(1993)t }t(1odpticepolicy iti1I1dmu!sift, 
ACIARMon.ograph Nt) Z2; ACJAR. Cilhberra. 

Pitt. 1. r. (J993)" Thl} (mgojng problem ()f ~tflatoxin in internitti,maJ tnld.e. tillstrllli(uf tIljlcotaX{/I. JlCwslNtffU" 
Volnme 4t No.2,.pl"'2.~ap\.lbHeuUon of the ACIARp()8,.hilrve~ljt resea.rch program. 

lWtJ J .lam! A o Hocking H99lll ·Signi.fieanc:~ of fungi in stored pr()~luo.ts' J in Champ, B.R., a. Highley~ 
A.D~Hoc.k.ing,and J. L Pitt (.Eds t 199.1) Fungi ClIlt! f1lJ'(:(Jf(XriIlSin slor(!d ptQdu(.'1.~: IW()C;'l',!dt'llg,fqf 
tlf1iiU(!l'itltti01ml t'()I!fi'rem:'o. aangk.{)k~ Thai.l.antli 23 .. 26 April 1991. ACIAR .Ptoc~.ooitlgs N(), 36. 
A ClAR.Canberra., 

Prior, M.G. (197(5)* Mycotox'in determimUions on .allimal i#oostuffll. anti Ussllesin Western Cttnad~, 
CaMdian Journal of COIJlparative Medicine. January 1976. Volume 40. No.'!~. pp 75 - 79. 

Ran. p~ \/ .• MdRoodYt V •. R. (19.89). Recent ,advances in poultry nutrition. bl P. N. Bhat,K. flO. Menon 
and fl, C. Srivastava (Editors! 1989). Animal pmdm:'rivir)l. Oxford & IUB Publishing Co. New 
Pelhi. 

R~bO[lg. S. (l992) Adaptation andc()mm~rclahsabnn of cbetllic~il teehnnlogle:s fUr cOlltroIHng mycotoxin in 
feedstuffs. in FriOt A.S. (t!d.~ 190'2), PrrJ11lOti(m (Uul mlapti<m nfgraill pascllwrves, ((~('hl1(}lf)g.>~ in 
rile ABEAN region. P.rt)C:eedif1£.s of 3. special topics workshup, Cebu qily, Philippines. 16,.19 June 
1992 .. The ASaANGrain ,PosthlU'·W~st Ptogt4mme,l3Mg}mk. th;dtamL 

Reddy; L.J., S. N. Ni.gam and R. Jambunathan (J992). The multillte USe-Iii t}f grol1udnu": A poster a.hstract on 
p.513. in Nigam. S. M. (ad' l 1992) GrmuulnuJ "ll glaiull Pel~fIUll'lfl'(:':p"oc(~(ldiugs {(an 
llllcrmuional workshop. 25-29 November, It)91, lCRlSAT Center. India. 

Ren"YoO!h C .• Z. Gen.-Zhang ao(.1 W. Shan~Yang(1992). l..()ss a~'iessuwnt.~ RI'l.d fac.tor nodln,!! unalysis of 
ar.din post"'prodm:tion systems in China. in Naewhutui. J. O.(Ed" 1992) Pmcee~wgs oJ tbe 
t.hirteenth ASEANsemtnar on gra.in posthllrveJ't technnlogYt Bandar Seti BegawautBrtttl~.j 
Darussalam. 4~7 September 1990, The AS BAN Gn\ihPost"l'larvt~st Prognun. Bnngk{)k, "l1lailam.i. 

Robinson J R K (1983), 11u'! varnislliflg hm1.'cst: il. stlllly ("!lflmd IUU/ its cons(/J"wuloll, O;dill'dUniversity 
Pres.", New York. 

Shane. S.M. (1991). Economic signHicance of mycotoxlcnse.I), In Hr"J' G .. A. anti Ryan. D .. H,(Editors. 
199 J), Myc()f(J.r.ifls. Cll"!;"}/" Wicllt(milh. Volume .1. Pennington CeOh.-r Nutrition Series, LnllisuUli\ 
State University Press. Baton RtlUge. 

ShaJlk~ R. C.( 191 i ).I)ietary an~l()x.in ll)aus and tht~ incttlence of hUl11l1n ht::patocellular cnr\:>tnnma In 

ThaiJ;ind. in Purchase, LP. U. (Ed l 1971), Syllt;.msium mr 1I1)'(.'oloxiIlS itt Iwtiltlll ht·/rlth. 
Procee<lings ora synlJ',iosium h~ld in Pretoria. sout.h Africu~ 2. .. 4 Seplember 1970 umJc:,r the aU$ptce!il 
of the80uth African MedicalRe.$~~r<ih Council. Mn.cMiUall Pres.~. t.(lndon. 

Shank~ 'R. c., ,0. N .. Wpgan, .. ~~ J.B. 0[b500,( 1972'l)~ r'ietary afl(\fllXHtS and human hver Cancer; I. 
Toxigenic muultls in fOOds and foodstuffs of tropi.c~11 Sout.be1t'it Asia. l'~aml and OlsIIWlics 
Toxit·(iloRy.t 0 +pp$1,,:59 

47 



Shn,,~k, R. CnO.N.\Vogatl,. ).ll •. QibRPI)·iWd. A.N~)t)ditstHil,} {197.2.bl~Oi~titry ~natox.hn;!a.ndh\lmanHver 
(lM.eer, IJ. Atl.atoxinsintnitrket t(Kltlsartdf(H)(}Shlffsur'fhltiilltitluodHlmgJ{(lng, ";)(;kl dud 
CQ.smctic,'i:Tv;~;iCOlf)l;JliJO*PJl,6l"6S 

ShAAk. R.C.,.Qurdon. J.il.,.Wogltth(J. N'tNooda$\Jt~t, A. ·i!uda. Stjblmmani fH1'1.2cl.O'et!lfyafltunxins 
antI hUlllltn liwrcilncer: lil. fiwd tUl.ttCO,tlItt:lia .. t ·tQ,rh7(!?IQ.~>j'ft.oiPP' '11 ,,84, 

Shl\uk R.C •• N..13.l.u\tllarnp.tav~tif J .B.Gotd()lht~Jld{J. N\. Wog~n(1.9'1:2dJf·OieH~ry athtto:s.iu:;~U1.dhuJmm 
.Ihj~r Qll.Qcer: IV • lo<.tidenceolpri.hmt), liVer cancer In two)Punic.iptd JlQPulatiOl)S hl'l1i:tihtud.Food 
tU,d CU$[lJetics To.tie.ol()sy.lO,pp. 

ShilnK R. C.tSitldhlch~i~ P.; ;B.·S\lbh~nl:mi,aha.ma.raflt'~vati, N •.• Gor40il~ J.a.~ud Wo!';nnO. N •. '19.72~) 
D.i¢tary~nllt~l!'ins ~ndbunw)JiVt~rC!lMerl. V. DUration ofprhnary (JVC1; ca.nceraud 'prev~hme:t;!;of 
hepat('megilJ)'in1n~Ullrid. }7(wd tuUl Cosmclitt.f 1h.(; (oI08Yl lO.pp 

Siamwalla i A. and:S.SeOJQOll~mg(l989),. n'llilet r.tcJ,dJlgc r(iU1', (llu'rtlgritu/turtd prit.'ing l'(J/ffit'S lit 
11mihtnd: 711i!/wlitfC(11 et.nlf.omy rifa,~rl(:'tlitllr(11 pridng poUt)". TheWodd Blink c()mpurotl\!e 
stlltljest TheWotld .Bank.Wasbingu:m~ O. c. 

Smith. J.\V. ! C. Fr. Hill and·P i. U •. Hamilton (197l). TIle ef(e,ct uf dietu.rymodHleatiuns onantltnxj:-~)$is in 
the bt()i!er (thicken. Poultry Sdf!lIr"t~f' Vlllume 50. No.3"May 19/1. pp. 768 .. 114 

Tiongson<mtd. (Jacilos(1990.). Mtl.itt:r.t;/etrn'(wtlUtm m o$,;/lmn I<'\'(!I (~fOp~nl.tilm, recbn.i~lll Bulletin Ntl.$, 
National P()$th;JrYe.~t lustHule forRes~lt:ebextension (NAP.HIRE1, CLStJ CjJmpour.d~. NuevllJ!cija .• 
Rhil.ippioe."l. 

Unnev~hr,L J (986). 'Consumer detllandtot::jce grain quaHty and rtttums to' re$;eatch Ihr quam)' 
Improvemeut in Soulht:8.st Ash", Auwdt'tln Jmmmi of AgrkJlJwrallJ,l'()Jwmi.(~,~:. Volume 68, Nt},4~ pp 
6344t. 

Van Esmond, H, P,(l991);. Regulatory asp~ts ofmyc~)toxi.nsin ASiattnd Africa~ in Chatllp,. 13. R. t It 
Highley. A. O. Hockhlg." runl J. l.PiU (EdHofS~1991h Fungi ami m,J;'('(mxtins itl S/Oj'('a PU)t!UCUr. 
Proq~ings(Jf~l irlternafioO(d.c(}nfertttce.neld at U:mgkok. l'harland. 23~26 April H)!)J. ACIAR 
Froct«llngs No 36. ACJARt; Cahberra. 

Wllttanut.lJhariy,ll. S. PWhi.karo. B. Tugstnuvisutti. S. IsvHa~wijdrh S. lC t Scmit (1991). M(ti~!·' <.'nmuwdity 
sUldy.- Pr(}(lut'tiafl and m(lrk(~Ullg .'i.mu:.nm: a/mlfil,f. in 71wl/mul. Depilrtment nf AgJ'lcllltllrnland 
ResuurceEconotllic,s, Kasets;trt. University, Decemher 1991. 'I1mihllltl. 

WHO (1987). evaiU(l/loll cf cerlaillji:weil.Uldifivtts mId l'l.wuunimWIS. 'J1drty .. first. ft>.pnrt t)ft.he joint 
FAOIWHO expert tommitee on foud Rdditives. Technical repmt St!ries 15Q. Oentl'V2. World Health 
OrgM.isatiol1: pp33-37. 

Widl!lSluti • R., MaryanR" Blaney, B. J .. SalOnn and D. R, Stoltz. (l98S). Curn aSQ sntln.'e of ll)ycot.oxin.s 
in Indones.ian. p!)ultry fe(,!,(.i antI the effectiveness nfvisual e~auunali()n nwthods for detecting 
contaminatioll. MJcopmha/t)gfa 102:; 45· 49. 

WHsoo,O. M .. ~ L T. Sangster. and D. M. Beu\:.lll (1984). Rt'.Cn.gmsing tbe loagU!ii HI' pun:irll! nUu.toXitOS.1S. 
V(~lilrJnaryMl?{lidtu~. July. 1984, pp 974·917. 

Wu fl;.1iog .. Chel M. It d~Ou1.man and J. Bay"Petersen(Edlt.ars. 1991}. CtUitlagw (~r(hl' luui\'!' !,mllrry (~f 
&mtlwlw Asia, FFTC Book se.ries No 4~, Fu()dt~nd Fertilizer iecnlwJogy Centre fort.ne Asiftll UIlIJ 
Paci.f1c Region, 1"nipei, t~iw~n. 

WY!ltt. R.O. (919)~ Mycob.njns eM cat!seseye;re J()S~S hlmlimalprr,touction. F'(l(!dt R(·t~l!lt· .(iWaJlfh~\>.Ihr 
theporkdild poultty (lmdu(~('r). Volume 2. Nol. 1'21 ... 22.0c(.nbe.r 1979. 

Yeb •. l.', S.; Yu. M. C •• MOle, C., .Lua., S .• T()rtg~ M. J' t llt!ndersm~. B.G.. (989)~ Hep8ti.tisB virtts.\ 
alJal.oxi.ns;, and bel)at()C~lllilarc(\rcinQmll in SouthernOuangixi,Chinll. ClmrlH'Rt'sem'ch. vo149, IlJl. 
2506,..2$09. 

48 




