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Introduction 

A General Overview of the Problem
 
of Aflatoxin Contamination of Groundnut
 

L.). Swindale 

Director General, International Crops Reseaich Instiltte tor the Semi-Arid Tropics 

The cultivated groundnut (A rachislipogaea I.) is the rno.:t important oilseed in the 
developing world, and is a valuable source of protein for human and animal nutrition. 
According to the Food and Agriculture Organization oft he United Nations (FAO) in 
1985 nearly 19 million hectares were sown to grou nd nut worldwide, and 21 million 
tonnes of dried pods were harvested, a little better than one tone per hectare. About 
8('i of the world prodL[Cltion is from developing cont ries, and approximately 67(' 
'om the semi-arid tropics which is ICR1,SA l's manttate \V Ii.ave been chargedarea. e 

by tle Consultat ive G(rop on International Agriculturail Rcsearch (('(IlA R) to camr 
out research oti grotid tint, part icularlV aitned at small farmers, since small farniers II 
the seri-arid tropics ate ittdecd the major 0tlerstlihe cOp. ResCarchol on 
grountdnuts started in l('R ISAIinI 1976, and specilic mention w:ts made in the report 
that led to this prograi's initiatiot that it Would be nccessary IYltotckle the problem of 
aflatoxin coltalninatiol. 

The problem was first rccogni/ed following lit breaks IUrkey '" disease in the 
United Kingdom in 1960. The cotmnon factor inI tile outbreaks was that tile turkeys' 
diets cotitaillcd grotiidtilut meal trotn Brazil. Research in tl e I nited Kingdom 
revealed that the disease was caused by toxins produced by strains of the fungus 
Aslptrwilhs/avuswhen growing on the rteal, and lence these toxins w...re named 
alflatoxi us. 

The Tropical ProdnCts Intitute, L.noratll wtv,pat of tle Overseas I)evclopment 
Natural Resoturces IIstitutC (Ol)NRI) aid the Central Veterinary Laboratorv, 
Weybridge, U K, played leading parts in the ext ractioti, purificatiot, and identilicatioi 
of lthe toxins, and itl the developletit of iological aid physicochem ical methods for 
idetifying and cquantifVitw toxins iII grotidilut aid other cotnmodities. This laid the 
foundation lor rapidly expanding research worldwide to determinie which cotiiodi
ties in addition to grouitid nut could be containtnated with aflatoxins, and which 
specis of livestock in addition to poultry were sibject to aflatoxicosis. Several 
important oilseeds, cereals, ILgutmCs, MId spice crops \\'ere foutnd to be naturally 
contarninated with af'latoxins, and a wide range of livestock were affected to agreater 
or lesser extent. Of the other four ICR ISAT mandate crops only sorghItn is likely to 
become contaminated with aflatoxins, and of the cereal crops the most important 



contamination by far OCCUrs in iai/c. N/ai/ and roundnuts are common items in thel 
diet of maliy People in tile tropics and are common ingredients in livestock feeds in 
developed eontric[ . hlI Ist common of tIle at latoxins, aflatoxn It. is also the most 
toxic. 

As evidence accum lated on the actual and polential importtance otaflatoxicois in 
relation to farm aninils. there was increasing conce rn cxpresscd as to the possibl 
ha/ard to) human health. I his concern "as greatly intensified when it was shown that 
rats fed On ;llatoxill-corrtaniinated rotllodriirt lici] de\ eloped li\ cr cancer. Over the 
pas, 25 cars much data hxc bcn obtained on the occurrence ofafatoxins in the diet 
in particular rcions Of the \skO Id in relation 1 the incidence of liver cancer in those 
regions, and there are tlron indication, that the t\\,o are related. 

Ie otssible prCence of such acutely toxic and carcinlocuic :,;Ihstances in foods 
arid in ,nitlul fCd, has had a pfodllud clfcct on the utili/ation of and tra(de in 
groniditi, alrd lo d nut pOdu.cts. Processorls and imfportinrolm!ltrics hase placed 
limts On the lcsels Of ,illtxit ,I'll)rritissiblC in ruirnd ll its ard glund iiut products. 
Ifl paper at there.ccnt I\() \\ M1) INI- P International Conference on Nivcutox
iris, saniI tntind Statctl that some 50 Coutttries has nIforced ior proposed ifatoxin 
riurlqtitor for foodst ,,luffs.I he maxinriu lihits "anve from crt dtectarble to 50 pg 

k 1. 1here has lben i tt.IdC% Ifo rcr;Iilati.s to becolmle intcreuasingely Stringecnt as 
rt.ethrods uif etction hasC+ili)r c,d. It '.triuld naturally be Prefcrrcd that io atflatox
irsillrc re scit, but t his has not proldtt tobepracticable. It is not otn] grrutrndrits for 
direct hnnrarn Coln,uitllptiOr thfiat arc subjclt to rCstrictin. Whent antrals ingest
afllato\in lI . the toXin Call b ),!'.,sCd throu)ugh 1t the milk vsherc it occurs irr a slightly 
changed lforn called alltoxin \l 1. Irt Augt,t N' I t1e .MirriStr; 0 A riculture in the 
I nilcd Kirgrdum bancd tire lfeding o' rrrurndtrt produts itsldair\ cowss becim.e (,f
the possible hlnard to the hr, alth of milk-drinkers. Ilie milk tor)xin is thought to he 
particularly irlpOrtaitas otllru g atnirnals. anird prcstntlsly children also. are llore 
suscCptiblc to all;toXicosiS adi the carcirroLcric effects of alfhtoxins than are adults. 

The ltnutirra arnd liCeStoe-k Ialth haards lroml ilrcstiun of a'flatoxin-cortarrtinIatCd 
t'ood are' lirrc rcatcr in the des e.loping than in tire des cu)cd \wrhl. ,Mostdeveloping 

coll rt rics lic ,+ it hir the tropicss\here tenperaturcs and rclative humiiditics often favor 
rWld Iostfr on thesC pOrtcl. ,so, Cornditiotsl fOr StoraLe Of tea:l ,.' mitch to be 
desired. In n, coumntris thre are orly limited or nlo Iacilities for monitoring 
grururrdriuts and .Ortiuirdnit pr(odUcts for this conrrtarmina.tion. [here are also possible 
Ssnereistic interactin., bCt,,ccn Iflatoxir atd itfect(oUs hrC:rtitis \ ifUs B and there is 
cs idencec that the clefctts o ingestion of iflatoxirn arc much lltrc ss crc in the case of 
ciii ircr sullcritg frotn sex crc protein malrrutrition, an unf(or)t unately coritrnol condi
tittllr;rsic countrieslhiek ltoxins occur.,vci \Vhcr(. erotndtut is a cash export crop
there has been ,i trndcn...v to concetltreite effots on ns.,rih te acceptability off the 
c)ilinoditrv to the irrrporting c)unrtrv, while little attention has been naid to aflatoxin 
Its els in prIuoducc Ifor l(cal cotisunmptirrn. It is. ofcourse. apfprcciated thiat loss ofexport 
income arn be of !,rcat if)rportirrcc. artnd it is alst appreciated that it is difficult for sorne 
gror dmrt-producing countries to mect the stringent regulations currently imposed
by importing count rics. Nvcrt icless, local pro bleins are important. What can bed one 
to cli minater reduce aflatoxin corita inat iorn of groundnuts and groundnut prod
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ucts'? ihere is at present no single practice that can prevent at fatoxin contiail nation of 

the commodity. Of course, if" we could breed varieties of groLndnult t1 ion which the 

toxigenic A. h ILS c (lI1o t gros%. or oil w5hic it could grow but coil I not prod lce 

toxins, then the problem would be solved. Unfortunatclv \wc ha\e not done that. 
What can be done at the larm level isto grow varictics that hase the highest available 

resistance to pod and sced inv'asion by A. l/au usand also follow cultural practices that 

miiimi/e damage to pods. Latc-s eson drought stress should be avoided, and the crop 

should bC harvested as soon as the mritiy of pods are mature. Postharvest drying 

should be rapid but nt so fast asto ILad tlosed damage, and storageshould beunder 

clean. dry, ist-fice conditions PlroducC Should be monitored for allatoxin contatmi

nation ats it lIavcs the lartnlor on arrival at buying, stations or r ltcSing plams, and 

lot, s\ith aflatoxinle\el, abov Cthose fernissibl C should he diverted to iiofood use, or 

le subljectCd to Some dtoCxilicatiol prOCS, bfoitC use as food or liCstOCk feed. 

Relined oil trout grolidltniis poccsscd ill modeturn ol\Cnt-xtraCtiolI plants should be 

free from aflatoxin. but oil produced in inure priimitive. \ illage-l A crushing plants 

ia contain signilicant ,c',els and requre additional treatment to runder it safe for 

Ill Cousuimptiot. I Cll \shicit tile rftUntldltUt product tile colnSuller, theeCches, 
risk of toxii c t~ iutItl n is not \C. Sporsl+of .'i.l lia recol loll in the ti 
and ill s atr iln tropical ,iltd sa,,Irl temperate regions So exposed food may be 

coloni,'d and aflatoxins produUed if n ir0onmnental conditions and th,e constit ution of 

the tfood are suitablc. 
It is Cvident that eflout" to0 prevnt fIlatoxin contamination of groudnults must 

start (ulring crop gross tlt and continuie until tile product is contsuncd. While many of 

the pactices recoim ictcd lor puic' tiontof Contamination ire simple and casy to 

appl, thc Ihivc to be adapted to particular agrccohgical conditions and some may 
not be feasible ill less-de\elopCd co<untriCs where facilities may' be linimall or no0n

existent. \Iian\ ditflCt groups ha\C to be illv t1ed and must \vork together to tackle 

the problem. 
I his Workshop ha, brOugilt together agricultural research and extensiton workers 

fomn 2(6 de loping aid dcvclopcd countries, and from virious international and 

rCgiona. institutiots. In it+d -CprCsCntativcs from marketing and processing liiiits and 

gtAVColvriiCmnt tradC interes>+, and medical and vCterinary rursettat ivs hav ttended 
to provide t compjrchlcusivC Covcragc of the problem. I he lajor objectives of' the 

Workshop are to make at up-to-date c, aluation of the problem, and to asscs reccnt 

and ongoing leCearch, v, ith a ,,iCy, to proidifg tile best posibleI',die to all con

cerned \with the prod-'ction olfgrouninuts o hossm to reduce, if not cliiniitat.contailn

ination \with aflatoxim,. 
I(P'ISAI",, o\sn approach to af latoXin rsu,,trch Concentrate, Oin dC\Clo)pinig 

griundnuts that dot not tolerate in\asion h i. //,'u '. or that prohibit the de\elop

mcit of the toxin. Relatcd studies deal \s ith deseloping in vitro methods to detect seed 

resistance, detecting the toxins themselves, aad studying the Cn\iromcntal factors 
affecting resistance. lis may seem to be a somewhat limited approach to the problem 

but ICIRISAT is an international ag1ricultural research and training institute that 
conducts most Of its 'r research in host countries: India, Niger, and2Undinut th ree 

Malawi. It works, moreover, for the small fariners of all regions of the tropics where 
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groufldmit is iro\Nol. It I'l [lot appropriatI'm WrR ISA ,I to ,rn(Itaikc C.tcrisivc 
researich o:I postliaI\ INI al kato.\lI jIoleLfilN NI1IL-c Ibitl kN tlic clci~iLpolsiito, of 
11,i1t01:11 icNCLCILILILL111ii HIS MI(i it \'W JIl( l 10! lL- ;IppiIoIiIIt o[ lIW RrIS:\ I to 
li tdci I kc \\ titk hit \\ Ml ii ILCI ti H iiI! ILL I dhii i t) dciI \X'it 1iLmch pL(bIcls. It I:, 
It()%\Lv\ i , .LLN d Xl\ ) I CHLIH hI L lt li t tiil t -,I it L) 0II Id II 1h; -11'IL , lot 0 IO
 
theL lilili I .l d LI111% ILLc cLLcilioII I~II( lilf fiaOlli (11 ILLIIL
Iillit' , ii', II Il t i 

;IIIaI oxi 1)X C%h C \ 1', 1111[1 ilL I I l Ic[.cI I I; I I;Iu PI I I diii] I ICC,, itN \L ItXIIsh I oiIiNits Ilo 

k i M I " I tit' Id1011IL t\," khlIllpIM 11 JL ( IIIii ' II (I Ii l Ill H,)Il XI1 INi NI ll 1~ d 1 ~loill. 
()if \\ m k IL (i, 1 11IL1N ti% l, ill I IIliI I 1 Iml ( I kL g p oLL cill.L L l iIio 

L Itil Iliii cili I 11tI1 wtLicX ' 


111ltUIIiLII mICL 


lkJpI lllt i fLI(tILL,XI. I Lq IIit \ \ilLL~ill ll 'Iii lX iivt' 
ILL 1Xi fll f l'Iil' \ l t , 1l w i h c 1 I :1l t x 

co l ft i ii,11 ](ll~k0 1!'11 Mli 1111' l k iL'~IL IIL blloV11, 0 ILW L~Li~i1011i! IiLCHljIii 

il I" \\lo ILop XXCl bI \\ lLc L ItL i lIiLf IL tLL l, iI(lioIll LaftIli l l I INoc cllilt 
d'.I itlL N bi pIIII\ cI l 'H!' I hCi IllL N IL t it)lt A Ic ill C il 11)1ao, ni ni\ nc t lie 
auitil o mid N))ttli IIX l II (ALI ci 111t." Il~ opt iaipipi ll liioil~l ioiindrin/the 

;iii 1 itII] 12111 lit IdII N*UL" Allot dt t t II LI II IX C tl i nll~i~I til I fiAld 0 ii t i. iid 
L l ilLf'L ~l CAii111211.1 



Objectives and Structure of the Workshop
 

Objectives 

The main objectives of the Workshop v'ere it): 

* 	 Bring together research k'orkers and others concerned with the many different 
aIspects o1 the ground nut allatoxin problem to exchange the latest information, 
F research ou regions,[valuatc the status of aflatoxijis in dillerent countries 

* 	 Identify areas for collaboratic resctrch, 
)iscuss 	 \'a\s ofc altiting and minaging the aliatoxiji cotamhinationI problem in 
oI-n0tlllI111ts il'tltl rdlile k%011(! 

* 	 Identify Specilic tiajilg t1_.ics arid orgaili/tious that can tlclr training, and 
* 	 l)cvelop pla s for disCminating illrmation uIscful to gLo'tutldlUut growtevrs, prOCeS

sors', users. J\ islrV sCIvces, and polic\ makers. 

Structure 

Inl order to cover the wid raInge ol topics and distiplines reprcsented ,at the \Workshop, 
pi.per, \,,rc , rraiicd in sessions that \%cec ordered to move from general aspects ofthe 
problem to specific reseai rch topics. Stllmaries of all presntc d pp',tfr arc included in 
this Ilroccdijgs. \With oer 4) pa Crs presented, dietissiois at the end of each \\ere of 
ncccsit\ brief, but the prograt allo\cd lor the participants to ircak into g*oup+s and 
hold in-depth dicusSiol, A thin these grous. At a linal plearty Session each group 
chairman pri,'etied a rpolrt and recomlmentitnsl, that are included inl this 
Procecdin Cs. 

I he ecoIrriiIlHud;itioS ol LeIh groLupJ) \-.Ie considered (lutiig the plira vSession l 
all participa its a td the inal recommendations of the \\"orkshop hliia ccn fornu
flated fron these dclibcratinls,. 

A maljr lrceoltunendat I lla1d Contilltilg theme throulghotlt reslr,'ltatitlls and 
di,-tissIIs 111i 1t ieIrIcIa tile plrobictll oillMtoxIn COtItlirIatheC need ca\\ICIrcSos 
tioti at all lex ls. Iroril tite e.ner;l puhiie and ltiruIerS. to0 lot1 p icy meIArys 1ind 
tepresiltati\xe ol trade and irtdutrv. III recognition of tli, a decis..i n w\aS made to 
prepare this Sutnlniar\ Proceedings and to distributi it as mdclv as posilile. A full 
Proccedings that includes frill t t ol hItCsrinteLl ppIrs is inI protductiont aid will be 
availahle front IC S. I lit.r ill 198X. 

lhrotrghott this dotumelnt the termt erotundlLut is lSed for . Irac]ihjs ]i L . 
except in proper. name11.s )iforuirri/ations e.g.. Peanut CRSI- or it widely recognized 
namelllICs 1or grotitndlltit pr+odtltS e.g.. JieCIIrtit bultter. 

In order to achinex unilornitv inl reporting all aflatoxin coitets are expressed in 
Micrograms per gram (,upgg 1) or per kilogram (mg kg I). 
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Summaries of Presented Papers 

Importance of Aflatoxins 

Risk to Human H-lealth Associzted wih Consumption of Groundnuts 
('ontanminated with Aflatoxins 

IR.V. Rhat 

.\Asistant )irccim. Iot and I iu I xioc Natij I Iaty,kcscat'ch ( crtiic. itjtttc tlNutrition, IndianCo u cll ic R h tl( ) 1111laN'iof Medtatlccalc.J.h ) , I ll dh . S O OI00 7 , ,.\dh zj j I tmdeslhI n dia. 

Acute and chiJ(n)iC efulees of aflatoxi Ilfhl M iM \%ell dOtC., tItcItld. I-le reported
outhrckS of alltootico, intm;m Wecrcdue to tihe ,nst'tllptionl of "talI 'oods such as 
1l1;.1/ and nlot to the C:onstmption of rollild.l t. ('ircnllstantial C\ I.lncc has intpli
cateld 2ro t ) itajllht1unt i. +- tilim aflatoxii as 'tlillsnIndimn chi!dho,,l cfirrhjosi,,.
l)itar, intake of ail'ltuxin throlefh 2t~ltnrdnut has been Ill+ipic.,red in the dClop
mrcit of Iiver, eateCr il Certain [art, of the de,elopiuc world. lIre inecidence of liver 
Cat.eL.C a.ISsoCiated with th l ;[ lll'ro ill
il t nilt i'li .ot tits islow in developed
Countries such as the I )\. 

lood CollSUlllption ",it I jdi.C\,,ill ha'u nlxiiiirCttC COtBS1tim1p'1tiotid that th of nuts,
(mostly grotidnuts) :e, lron 2 to . 5 p'2r consumrption unit per person per day
depending ol the Cegioll Mid SCason. il)ata, twin the Indian Multicntrie Food (On
lamination Monitorll Ilrwrtrm have idicated that though aflatoxins could be 
detected in 13i olthe uroutdnut samples the\ tested, the toxins exceeded the official 
permissileh limit of' 30 pg kg I in otnl 2.61 of tie samplCs.. StudiCs carried out in

lhailand, the Plhilippirncs. and the I1SA havc indicated that the dietary intake of 
aliato.\ins from oroundmnt is lower than that Irom maize. 
The aflatoxin regulatory actio'rs taken by the lttopcan FConomrtic ('cmnunt,nity
(EI),Japan, and _tlcr developed countries on iml+orting groundnut and its deriva

ftics have resulted in salegutardin, exports father than ninimizing health hazards in 
the developing countries. 
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Hazards to Livestock of Consuming Aflatoxin-contaminated
 
Croundnut Meal in Africa
 

J.I). Reed and 0.1B. Kasali 
Animal NLttritionist, and IIead. Ainial Reprodut]t ion Inteeatti IInit, International IIestock ('ntre for 
Africa (II.CA), 110 Box 5689, .Addis Ahaba, Fthiopia. 

The outbreak of Turkey '' dis'ase in England led to the discovery of aflatoxicosis, 
caused by feeding grmundnut iteal contatnitated by .. Sj)ICIISt/1s I,1us to livestock. 
Ihe high content of atlatoxins ingrotndntit nical in African countries has serious 
implications to li\vstock Reeding. [he risks depend on the level and type of atlatoxin 
in the diet, tile straitt of attintal, and its nutritiotal stattts. Stthcfinical aflatoxicosis is 
characterized by reduced feed intake and poor productivity, but may not be associated 
with overt clinical svmptons. ('hronik problCls occur when aftttxins are present it 
the diet at less than It})) pg kg Ibut the hossCl limits for eliccts ot productivity are not 
certain. 

I-he principal lesions of allatoxicosis occur illthe liver an mnay be classified as toxic 
hepatitis.N atural Cases tsutally result from repeated ingestion of lhe toxin. One of the 
ntost ctttslattnt responses to n!altoxiti B is bile ductule hyperplasia atlthe periphery of' 
htepatic lobulCs. (hianges in hlepatocytCs (5atmoli/atiot, falty change) leading to 
necrosis, are usually locali/ed illone part oi the hepatic lobule, dcpending on tie 
species. lepatic veno-occlusive lesions are also common. 

The initnuttosuppresive elfct of atlatoxin, Coupled with high exposure to diseases 
and pool nutrition, arc detritmental to incre.iased livestock production in Africa. 

Aflatoxins and Trade in Groundnuts 

Groundnut Trade in India and with the World: Implications of
 
Aflatoxin Contamination
 

(. (Chandrashekhar 

Secretary, Indian Oil and Produce lxportl s Association. 78-71) Itajaj tlhawan, Naiitan Point, Bomnbay 
400 021, India. 

Although India is the largest producer of groudnuts, her share in the world edible 
groundnut trade has declined sharply in the last 10 years. A persistent deficit in 
oilseeds production, resulting in high groundnitt prices in India compared to those 
from other producingoa itrihs has made Indian groundinuts more expensive and less 
attractive to world trade. Apprehensions of atlatoxin contamination of groundnuts 
have done much less damage to the Itdian groundnut trade than have vacillating 

7
 



government policies. In India selection of edible grouridiIns is still done manually 
because <iI'the higli cost of mccnil/iiatiot and iivestment i Yet Indian graders are 
capabl,: of supplying l lc Lfnality'. In the presentgim il.litk of title[ ultitlill, acccptla 
settine tl im(pat of ifldih\,.IIIiiidiCCII in UriOlliidnliit, is at hCst rginal for India. 
Gox.eritnllct , nll uc larc i'Xprtis oi edible ylotindnils [rtmlIndia atSippolt It 
coilipetiti e pri"c, is botlnd to blile rcatci \il\iiClcss ;aid illloti ,itioll atilongst
grad cr1t prpiie afiaitO\in -lrcc flich qual itLcr0iiLidIIt lts fo thel x old market. 

The Probllei of Allatoxin (ontaniniation of ( roUidlnut and 
(roundnuil Products as seen by the AfIrican Croulditiut Council 

It. (lllibui 

)' n~Ct[ I I I Lt I. , L ct I w l+ll C IiI A II,<'',I I k' iI Itd+I'-' II )L.llt It I I t , 1l ItII It( , Illc I a e I a 

,IIn n Icin b cr1 ,4 iMl (l1 Ih ' \ 1 i i m~( 1ili n lriul mlc il (,\ (G . ) g1 mtllld iltits a r e_a n 

iii1)ortanI tII iinI i iil III IIIc t It0 'C'Ii ofi r101. the pIst 2.5 , dic probilm
iff tox\in fitv, co'illolil the _rLc tl G\(i( Ihe andu init ilidiiirx a id . cce iioiiii co i

icci ll piIbl ii \xolrei CelCili \e;i. .\llatoxin is a seritus t_'ii iit hittexpolrts 
plal licll i' n ll tiii CAkC Illid m ial destined 1or tie tiadit Oil;l ' NI ITi uropeali 
nialket . IC Ii iI I cIfI l the afIlatoxi I] plI oleiC is in iSpitIi c. but ii tliitloni olv cs 

a ,ii;ri teiu o iliitd lld polities \,CIel it' SCicIilicI ciaich. 
.()ithe b 0I ,fciCltit it . t • / 11 S aild ot herilvic inl11mitint on Spri,, . i otloxin

pridueirig l, iltan dsptit the ColItro,,rsic,, Itle AGi( lautchd all dlatorxil 
coiti l prl iii iii I975. liarses iand11 liax\c bccr coipletd '. ith Iimitncill aid front 
tle FIt p)Cn IcoiiniineC ('olinuiiniiv (1(.I ald the UJnited Natils, I )CClo)pinct 
Proerlirirm N )1) nidI x, th teChnicail asililc front1 the 1oo0d aild ArieCUllure 
()re-iiiitrioiil of the IUnitefdatioirf lA(). I lie Iollowine reults ha ecbeen aheived: 
(If stal fi \ cbcen triaiinCd 1o silurv and ni0 itr 1ilittOxiii ill field" iiid laboratories; 
f2) labo;aliies fot aif itoll ii anailsis tac been cstablishcd and ClUil.pped; (3)e ontrol 
liCileiiCS li;\1c bei idcLitified: and (4) txxo pilot detoxification Pliits have been 
Ctltstiittcf to Supplemiient cultural Control illeaslCs. 

Ihe .\(i(' Iltliitlis colitacts witf IlKC rCpiCeciltativcs aiLd exporrS olgroundlut 
produicts oin telex alit legislation alid standards and their application. 

A scientific solution is riot sulfficient ii itself, it c'li only be implemented by the 
combined efTorts, goodwill, and initiatives of trade, industry, and politicians. 
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Aflatoxins in Groundnut: Monitoring and 

Action at National Level 

Aflatoxin Contamination of Stored Groundnuts in Zimbabwe 

A,.111. Siwvela and A.ID. Caliey 

RC.WIClt Ih)li IT C(I, I III ,ini iil i t, ltH ittltt. I)cpau Imcm kcslaich andjI Special Setvices, 
Ntini1,t11t INIll d ,.. lL 'c I t I C I l I 10). ( 'au , iLic,Ii IItII,.,t tII C,tLtlI . ) I I -11CN lat /im bal\,c, and 

ianalut,, (julm :kt I /it1,0ih'+C). Ai, IIjnarc. /injlhahk\,.Itescajc h I.r inn' t nt,; I III'\ -1. ( :tI Au,L. 

\fllitoxins were 1tAlv/Cd iItIt-,Iiiutndits strlcdoI :itlre locloIr Ce\pltt iales iII the 
petriod ISX?, 8 1 to I s') I/or tlTtlFouulitil lloit\ -hluc ,amle,)lC of sC\'CII griltidrIIrt 
Naricties were Sitv.-eight of the siitpes had totalcjlleCtCd LIr antlsiS. Ciirint 
CotncCntrtrlat [I o iIi rid ( I I Ull)to 25 jig ke, 1. It the I9S6 87 [LI'tiidHitlIalataox Bt 
crop, the lIlainigo and N1 iakuluL ed vRtricties, \%hiclI constittt the bulk of export 
sales, had ulpto 25 wg ko X3( 617aflatoxin 1,iln ottlie saniples. plhis iaflatoxill (i1 ill 
of the samples. ve)rall, the Fgrct vatiety Wals the10 most suscCptihiC to aflatoxirn 
Contanminatioln duritlg thi, period. 

Aflatoxin and Aspergillus laus Contamination 
Problems of Groundnuts in Zambia 

J.Kallaiyati, R.S. Saumdhu, and A.IL. Phiri 

C111 il A I)c'%cl4i1icn t1'rnjcct, uTi 
FAO ( joverm cnt I)c pairuicirt ol C Rc..cajh Ii Nisekci a Ikegioial Research 

(ira in Leg I iC tti ,.toI j.Itl \ \Iric t1:t and ( Idnut Breeder, 
)f /a all1;i, \ icut ll. t1icti, 

Stiutioul. I() Io. 51109, (thiptii. /ambi a,and Sc iir I alj lilN Icchniciiln, Iastcrn ('ooptlatlive I ili 
1.liitellI I( S,101 It'.. )i
)Ilho\ ON, ( , h1ilpa Ia/ itill 

In Zanihia, groundtnut kernels inant for export are routtinely monitored for aflatoxin 
contarilinatiori. Sirtee 1979, 6.3 .( of the 2"410 samples analved had contamination 
Ilvels of more than 5 /p allatoxin kg I.A 2-y'ear study with pronising varieties 
revealed the variabilitk of A. 11anvus scd infecton. Seed treatment with 3enlateor 
l.ahilite'! at 3 g kg-I seed was fo uid to control A. IdVuinI i grotMI(Ldnit seed and can 
improve crop stand. 
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Atlatoxin Contamination of (roundmuts: Control Strategies in Malawi 

(.1. Kis).olube 
.+" lim (i~ l ldfl t Pl tlo l ~ ",llz tiIS \ tol A.\Fickllmu t.11m attil R OHL,+' A'u~Itut'jjIttCS.,+ (Chit,.d.+/z 

Rc lcrh %tam in. IP() lHo"', l+,. I 1h11c,', .'. N M i;+. 

11111nit1 Milaviw t t sjib,t ( )tdu)CI a[d linIIxh iII Apiil so that h01ng-dt'ation 
i1Iou id llt lt't i\ i iti' hil \ 1 IttCL,lici dr, CI ldition,. I luce (it'\ ct liondtiols I'avor 

u.lttill 
1n ;l' .\./tlx s'and Il. ,li xillctt itiin I le 

tip .id \t(:tl t (i tt podsunilntihi1.,1-' lie iti the oppnnrttmitv fr. ce d 
I ;\ll~lt .i://.t th". 'lt u. ax,td lai [Ail. rAl

ortlaIil i hhAu ( in e' r\. lell 
uItc'liLti'", t ll.,Clh\ eln l h'llels. ICIN 1il lIc stilt lildllllxts Ill reditness o letc'r at (rhc rliid .d,..,, 

t 

t n c iiitl illiltill iftli t, l (I.l *illt tl r, ci taeill 

,'tndi t+u-,thiat lIt%(, l liulit ofI A.. flat+u.,andl A.. p,++r,jSit1'u,j m~d 
pU 'il11,l '.n co'n.tu niu aI.ti. o LI m lid n~itlts. Ihc c 1r.:icticc"-, Include Ilo t il.' gn 
,,_(i dflut i+, d't.Ill on,,idt:t IIIt,'-t 1CItut hlt,:,h ca .., of h~II,td ,h n I hic A.l fti I ,.'I~. rul i itur-al 
I)c\' ch) )l ' Ic, tIII - ( I)Illo Iali I .Io ',h11n i and M it k .\lA)MA,,R,(')I)tII IChI>,usC Iled anId 21-,J+Idd 
1)(11", 1l, ll ',m illht+Idcl flal 1 ll"l +. andlt c~t+ccirollica;lk\ Son st a ld tc>,ts dic [llt.t,, lor ill'litoxinl 

ct itl rtllIlatit l it 1hC I I\\ tILde (iroiizIdII itt IiIlol'\'. lIh(' pt[oceSS 01 i )idshellintt anti 
hii t-ritd it- (t etiiiut dimt, h% ,, uillitddei l. mcr>,, ltllhtv'c'd hM, rc- er ilil and 
',l;liito~lll lv',t llw I the hil, c';il 11c.dut,,11 Midir,, I ;I rc'ipUl.1ti0t 1l ,,L ,,t tlx (._d hi,.l-i ltuillit 

i2lttll illlI!t, Ittl theC t Illtc"ti Clt'lx tlltdc. "cs c;i ti ll ct'' - t' hl' (tt lC 1t0 ilmCt ptrallt' 

cst"l Iilcd ..'t l lccl ill cttit 11forr Ct'tipcd ith c atitca Wi itntill(lcl oil p iroper 
I11lIllhid L 1hlii t lts ,il12 cir.i dlliitx, rlitl to tl;llkctihig. 

Status and Managenment o" Aflatoxin in Groundnuts in Nigeria 

S.K. Manzo aniid S.M. Misari 
.I I ad. I )I) iatl l t ( '[opl PlIlotI'C Itio n, aind Ii l , i,u u lnlc's. anld ( )I Isuc'ds lt titeI,+' lRc+",,+ ch ]'l ogram mlll, Iit 

1h)1 \ 10rI tII II RNl IC..,I'I,A..\hnuld U B hI I M't rt %, P%lI It10-1 . San I IIl. /m 1,1i,Nipc Ii i. 

/\ t.'ttitlllittet' tOctitrtiillatC,it ' Iac oti the aiitxitilnrpileni it Nigcria Was cuitntituted 
in I901 mxitll r*pirtselttitit I:, t011i t ttii ict rli cs, the Iistitutc tor A ricIt!lIral 
Rcsircr (IAR, ). /lit. ill Nilc-Miti Storecd PrtldutS ResCai'cl InStitut,. (N:;PRI), 
and tile Norii.'in Nqceri Ni,tckt'tine ltard. Ihi; unminittc wxs charged with tlie 

ihilit\ i i> c trespi tlu 1 t1 1'Sj 11irthe t fttile iillatoxin prihIcli in grtm dlldntlt in the 
ctil r\ ait]ti ill i ltatini it]il c0t diiltin.ilAl ict itn,I eading tos arids its cliifination. 
IAR o'itltllitnliiatiionWas tR in\\tiitc tilt' aliitt\ili oh tile 12JouiIdnilt crop tip to the 
Stage Mlithcrc ti t' produc xxa, mild h. litrlc ,. lle N.S PR I ts to look at the probll 
fron I litil 0 stola",uc li t IprodLuC Wiax UcXported o1r conSulnmtd. NNSIRItlherctore, 
routitttly iiint1itoicd rtm'ItiitiltIIItS ill t(lraint' pm ids to deternmine aflatoxiti levels 
heclt'uxplt. Meanlilt'. IA R Investigated tit time of invasion of groundnut ker-nels 
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by ..ls/wz71h.8 Ii3aias, and %whct,and tnder what condition, it producCd atlatoxIhs. 
Ati interplay of tenlperatr., r'clltiV\et humidlitv, drougl'ht, andLe1rraiIIIc raillfall Sittla
tiois. and;nrop the at lilting x':is to affect seed ihx asion by'A.Yll-us'oiind 
and :ilatuxin contantinat ion ofgi oumidniit InI the field and store. InI tile wetter aieas of 
[tIe SoitlhCr'i (Uiica a n ,.+:aso,i. allato.\ il lntl lit\an \\liih ila, [olg iaIII\ c 

tion ot itoundnut niinly a plohar est problei:. \0hcreas in tile na.jor-g-oundnutis. 


11owinIthat li in the drir Nrther! (iia and avmiti tile problen isIrea 'aitid 
Imure important l, ant xVttiIng Of sto Cd .tr+OlidntitsInsecttIll tnItat1t11, 
intecasC ahlatexin eContamination. 

RcsIcmcl itllmo'i ia t oll 11-1i1 LAR tii . PR I still provid ,esle leasis tot recillitelmI
dationsooi the handlill-u 0 rtjOutidmit t0 miIitIIf/C o: preett ifatoxin contamina
tion. Vegetable oil and tCCd mill 'o0-IpanIes roiuinelyN submit thetir groundnut and 
other feed materials or. allatoxin analxsis a, there ist,,at awa'nceIuss among the 
conIpanies, people, anld Lox eumcrmots 01 Nicmia of the danger+, po~cl by atlatoxill to 
poultry, lIVtoe+Ck, N is, icaLn (ionnIldnutamid hiNianl. ri Is a cnsIsatory to the .,\t: 
Council's iesoliitin to e\put Only euindut \xltose ailatoxinl content does not 
exceed thle niaiul n+peults>.. limit ol 200 pi k- set lbythe lilopeali lecomiolnmic 

<omltunit\ (I(V). None ol the eomnm '41(Ii eroundnut in Nigcria isi:irci.,
"ult"OWrs 
resistant to A1. ilat 11,ius asiotil ;hLd atlatoxin colitaimiti)nat ioll ot eds. lIreediIg nate
rials liont Ibth domsctic and exotic b)Cintlsourcs arc sCCCL for rsis"itancCe while 
other illproved Iluilagellclnt practices are beiit used or researchted. 

Grouninut Aflatoxin Problems in Tanzania 

M.D. Raya 

Pmcnta 
nlizatio(TARO), tARO Nalicndcl, N'u Box 509, MlN\ar,. i'an/aniai. 

Crop Protection Specialis'., (ioundn it Ia IlI h gramme. TIan/ania Agriicutiural Rsearch Orga-

Groundinuts are grown in most parts of laia hiiiabut the bulk oft he crop is grown in
the southeast of tite country. The crop isexclusively grown by small-scale farmers 

mainly tor local markets. (itountut research in ianzania started at Nachingwea in 
the late 19 4 0s. It early 1970 with assistance from the Overscas )evelopment Adminis
tration( OI)A), IlK. grouidinut research work was transt'erred to Naliendele, Mtwara 
in southeast Taniania. Apart from a little research at Sokoine U niversity ol Agricul
lure, Morogoro, most of the resCeCeh work Ol grOumidtnut breedinmg. agronomy, and 
crop protection is done at Naliendele. 

Earlier cftorts otl crop protection were devoted to foliage diseases and insects. 
Recently it was reali/ed that aflatoxin contamination of groundnut was one of the 
maJor lactors reducing groundinut quality in tile country. The National Groundnut 
ImproVcment Program has dt-.cided to start rescarch on the problem to develop 
effective control measures. 
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Present Status and Perspectives of Aflatoxin Research in Mozambique 

.i'. IaN(Iiete, and M.. IUreire 
\ rei-in;al ( ',intIt'] At:d .t. illt)[ vI ", :cirmn :tlIara 8 Ili icic t Agua ,c s ant )ualilk 
 ic Alinicii 
HINIfAA), .ti\a t'iottalV M ,/lhiqi,,,ic.\llr Pzoliesn, IiVtehiudlde [i ardo2-1, put. 81 

NIOtlhdhi liI !JhI dc \ 'ri. i.1IWIdInIJt1!p1lro, ilp'u~cii lt l If)( !Iostl 257,
1! t'mrIt. ('iixc 

Nh /ailhbiqlle.
 

In Mo/anhiquc, thefre i, ; high orl-i'latio hL'i',(.-n ileincidence of primary liver 
calcm' -lid the const InI iol (, ifl tdtxin- ortIrnhiiatcI 'ood. Sonc work has been
 
done t0 aSCss aLnd Clatoxin
ninini/Ie ,iel+ prohlell. 

stit1ito m,cli a,theI Ins titnto Nacion:tl de In','stitnarrao Vcterinaria (INIVI and
 
the laborotori Nauciorrnf Parta a iligicnc (k- Api,;a t Alinintos (I.NIIAA) are
 
iisOl\tI 
 in the analysis of fItolodpl'nduct., for both allinals and hutmal.ns. h(,:11,ain 
tc:hinitne ns,,d for' d etn in,itint i,.'atmop- aId (lniil of idflaltoxils is thin la',,ei chro
rnlatorgrapl',h. 
 (II.t.*+ althouch1 ntigh perlornr:tnee id chronmtographv isli,+it (!IF!.C) 
also amailthlc at the I.NIlA:\.
 

In 19X I1. f7
1()()isin at tottal of [3 ",atnphI s werc tested i:r:l it was
 
Ionld Ihat 16 samles I I itn II) i,hIt .4 with tII ,and
,,, ,.i ,cort(n:()iated t\1,it a'aIo X 

3 wthh (I . I!. as for:rid tha ;-,7- 00' )f the ;rmiltndliit, beer,. rice, and ma cl/.
sanples 
t,,t l s,,ire .mitlilmi Cd. I hc allifl cotltirI tiIo leve:ls iII tIe uli nd itit SamxirI ti 

ples ragie!,d frot0 14)5i t)tf) pi J.,tflatoxm III. tl: mitaill rnriant.
kg heHne eon lit 

Arn anii.I, p[(prl a isl, n, ig g tltt pthiI. correlation ehtweCn the COnStlompI
.i10o ,corti, rriral 'd n rild ItIr potsil b e Irt:e -cof a..latoXin NI illItliai hreast 
nnilk. 

possibifitv Itihor \t. 
Agronomnia. I tiiCIesitiadet [dIrdo %iondlane-. (irondntt Improtvemn ent 

I.t' ft trk ins olvingtht INIV.1 .Ni AA, and tli,FacUldade de 
Project is 

beirre studied to include an ar&rornornic lon ponert anrid tO l'orlnLlate r econ mendat ions 
for .small fi rtuers and tradc-rs. 

Research on Aflatoxin Contamination in Groundnut in the
 
People's Republic of China
 

iao DarenAssit. Istitte , il p( hReseairchr , (t op:,.,ij s', .' \griC(Iltirt St.:icics (('AAS), Grotindnut 

,tn ,)iocccfAflloxinl ('oitnlAzt1 i l'aitPl oiclir'h. ttkiuhjiain, W\uchaing W\'itih , HIuhCi. PCoptC's 
Republic of ('hina. 

During 1973-77, 1(90 sanples of ytonnd nut kernels and 1172 samples of'groundnut 
ohi from 24 provinces of the Peopie's RCpu1)tic of ('liina were aralyzed for contamrina
tion with aflatoxin Ill. The percentages of samiples containing the toxin were 26.3 for 
kernels and 47.3 for oil. Across the coUntry as awhole the percentage ofcontarninated 
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samples decreased wit increase in latit ude, being high in sot hern China, moderate in 
the Yangtic valley, and low in northern China. The key to prevention of J,.Iatoxin 
coiltarlinatiorl was to bIelow 1()(,'(fapid drying of groundnuos moisture content. 

Aflatoxin Contamination in Groundnuts at the Post-l)roduction Level 
of Operation in the P~hilippines 

It. Quitco, ILBautista, and (C.Ratifista 

Research Associate, Rescatch s\.sis ant, jnt ('tic ist,National I'nsit Harvcst Institute for 'Research and 

lxtcnsioni (\AI' IIIRF), c I) (ntital Iulon st:lc t'iktcisitv ((TISt), Mu ot/, NULVI Cijia,the
 

Philippines. 

The results of' stirvCVs in tile lhilippines has c showi that the farmi level aflatoxin 
significantly increased tronl larset to farll Storage during the maill cropping season. 
At harvest, g-_.,rotundntS C ,'ontained.on average. 3.16 pg kg' aflatoxin. l)uring Wind
rowing, allatoxin levels increased at Jhi. I )cr day. InI farm storagerate of 1.5 pg k1 
allatoxin contaminationl coitinuedI to increase at tite rate of 1.4 p-g kg' per day. 
Af'latoxin contamination Nas srgmiieantlv higher dtirini! the rilaiin Cropping season 
than the second Cropping seon . 

At the traders' level, Lronudnut Samples taken from N,ious middlemen Contained 
35.( pe kg I aflatoxin. ()n the other hand. samples taken fron the wholesalers' newly 
pr)cIrcd grounriiits containcd 188 ,ulpgK that had been inkg Alatoxin. (Irotn(.nuts 
the wholesalers' wilrchot. (or iolre thanl 3 mionth, contained 275 pig kg I allaioxin. 

At the processors le\el, rm\\ 1MiAil',il, for coInfectio0nCry roi|idnutis (roasted and 
fied) 'ontained 7.73 pg atlatmxin ku1 .r:t'ndidntts intended for peartt huttcr con
talined 17.13 pg kg- 1 and rejected rrotndnits had 120.6 pg kg . 

Aflatoxin contanination could start d uIine harvest. Alatoxin content climbed to a 
sign ificammtly high level durin g trade and I rTcssime. ihis continued increase was 
attributed to insUtficiCnt diving of groundnnts after harv est. 

Aflatoxin Contamination of Goundnuts in Pakistan 

I.A. Rana 

Principal Scientific Officer. Natio nal Agricultural Rescarch ('citic, Food Technology Department, IPO 
National Instituteof Htealth. National Park Road, Islarnahad, Pakistan. 

Grounrl:ut samples from variots parts of Pakistan were analyzed faor aflatoxin 
conte. and no fresh samples contained the toxin. However, 6 --15% of the roasted 
peanuts from areas other than Khuzdar were contaminated. The aflatoxin content of 
the contaminated samples varied from 24 to 800 ug kg -1.All the tested samples of 
roasted peanuts from Khuzdar were contaminated with aflatoxins. 
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National Monitoring and Control P'rogram on Mycotoxins in Brazil 

MN.Sabinlo 

lead (d ipttillctn. sillo \i tt At. 355. ('ai.t Pt lal7027,'.)iuiiii11i lhic, dtiilitt,. Dr AIna ht, 
aI'), u I ' I I' 02 146, 1.tIl I 

Icu il h 
principal grourtdnltt-'rto\,i2 tlaea results of proundlltit samples 

Thc Cst m S1o lauIo State is a of hi ItIepertIII eItllC ;aid humidity and is the 
i of, Bra/il. Survey

coIlectcd in[the rainyM al 3 13 samples) and seaso-\n (3 sanplcs) in that State 
sho\,CLd that on an ai 4Sac- 7-41Pof the samples collected from the west and 
iiorthltll t rcuLous contained 5 - 22 500 putalatoxin 1l, ke 

1iis .,ti ICCrecoiilcd tI c c\tclt arid level of occulrlecce of allatoxins in ground\ 
ritit shotLA,. a llcotloxil problem exists. Suggest lios and recom11 131ail anMd that 

tldaltinls we m,,CIIl+dc to the ri'c\cat ltllhlolitiCS iSal rCsult of, the survcV.
a 

Removal of Aflatoxiis 

Control of Aflatoxin in Groundnut Products with Emphasis on
 
Sampling, Analysis, and )etoxification
 

R.I). ('oker 
I'rinIc1palS,..iunliliCO)llit'Vl, N\\k0hlx\lnS ).,kJ1011,(}t'C~ en~t Rcsou~l'ces InstituteIS' ,.'\t_'hpmNatural 
{(OI)RI), % t-0'2 (hii ,shIn Robad. I onldtol\,,I'X81 1'.I K. 

TIiec oitrol 'l the oCCturClCC ofafILatOXill inlgoil:I dlnlt pr-odulCtS r'Cftlir'eS a combina
tiom of qualitv coultol and dccoltallnination proCCures. Rcccnt wtork at ,,e Overseas 
I)c\cloprnlelt Natural RLesourcCs Institute (()lI)N RI) has 'OCussCd upon the develop
ment otf sample prcparalion, aflatoxin assay, and chemical detoxicfiCiCt sarupliun, 
ficat ion proced ures.

I lie useof seleted nllrthI ieal[ models to describe tie distrihttior0 of allatoxin in 
grourdrlUit kernels, roasted pe;rntts. peanit buttCr. and groundnut cake has been 
Investigated ii1order to facililatc the dcsign of statisticaily sournd sampling plans for 
these Conmimiodities. A suhsanpliiv mill has been developed, in collaborationl with a 
UK company,\Much bles rcpresCntative, corumril utCd subsarnples to be rapidlyien 
prltreed r l'r'o[M'C sartnplcs of grotundullt kCnCls. 

Methods have bCn elaboratcd fo0r tire ICCuait analysis of the alatoxin content of 
grotirndnuit products utililirig bonded-phase cleanup procedures in combination with 
high perflrmalcc liquid Chromatography (II ITC) and high performance thin-layer 
chronatot1rapIhv (111 1.0Cl (luaintificitioll icthods. The application of enzyrme
linked imuriosorbhent assay (I.IISA) methods to the analysis of peanu,t butter has 
also been extensively examined. 
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A procedure for the detoxification of groundtnuti cake using aminnonia gas at high 
temperatures and moderate pressures has been developed, and preliminary loxicitv 
trials have been completed using ammoniated material generated by a 50-kg capacity 
reaction vessel. A I-t h I capacity reaction vessel is utnder constructiot and trials will 
begin in India in 1988. 

Removal of Aflatoxin Contaminalion from the Australian
 
Groundnut Crop
 

N1. Read 

ILaI, () Box 26,Chiel ('hemist, Ihe IPeanuut Mai kclinr Board, Sic,.t, Kingaroy, Queensland 4610. 
.\usl ialia. 

Ihe Austrilian groundnut crop is :gnificanth affected by aflatoxinl in some years 
because of pehlarvest d rnotight stlrcss. By a process of selective segregation and sorting, 
aflatoxi-nCortaini+g kertcls are reltt,,ed frorn contaii;nahcd lots to satisf a 15 /i.g 
kg '(totl) regulatory limit. Ihis sorting is made posslIblc 1y the chwaacteristiic discolor
ationi of gloindiit fIlesIt caucd !\spp growth and the sittall perccntage of 
aflatoxin-containting kc ncl,. I lie \ ariance contribitions of samplilg. saitiple Iiepa
ration, and 1NySis e (ptqoted, Fven v, ith \Cry hieh standards of sampling and
 
analsis, uncertainty iII atlItoxin control is signltficant.
 

lRemoval of Aflatoxin B, from Peanut Milk by 
la ovhacterim aurantiactim 

I).Y.Y. Iln, R.1. Brackett, and T.O.M. Nakayama 
(raIdtuate StdtI Ient. AssistrIllt ] oI,,,o . mitI fit Ic ,ios . I i\ .isit\ of (icolgia. and Prog[an I)irector 

Peanut (ollahorative R scsaich 'rini(t',altuttRSP), Iui6 ritv ol (eor-ia, College ofSupport ]I', 
Agrictilture. (icttgia E~xperimint +'<, ( iltin, (A tSA.ioirm 30212. 

The potential for uing 17/a ohctC.rIUfl l ai;lrI0aiun) to remove aflatoxin 1, from 
peanut milk was evaluated. Preliminary experiments detertmined that this bacterium 
grew ill both inondcfattei peaniut milk (NI)PM) and partially dlfatted peanut milk 
(1PIM). In neither case was the gromth inhibited by the pr-,sencc of aflatoxin B,.
 
Ot her exper iients wcrc desigiied to assess tlie ability of 10' resting (stationary) cells of 
F aurantiacum to remove aflatoxin 1I from phosphate buffer (PB), N)PN, and 
PI)PM. After 24 i at 30 C, . aurantiactf decreased aflatoxii 13b\ 40% in PB,23% 
in NDPM, and 7V(0 in Pl)PM. Proteolysis of P1)PM before inoculation with 
F. aurantiacum increased recovery of toxin by about 30% over nonproteolyzed 
samples. This increase in recovery was not observed when N)PM samples were 
proteolyzed, suggesting that some of the toxin may be bound to the groundnut protein 
and not be available for removal by F aurantiacum. 
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Detoxification of Groundnut Seed and Products in India 

T. Shatit Iui1 

iI I1111C1 

~Li~ii12li-e\I lmllILis been'I eo1Iliiined. .Alatumjn is presenit 


121I1 [1121 t comiipIetIelIv dest Ioi thle toi).ii.I he salct\' anid shlell life i thle 
Ill 11flle1\ s[Ispclldcd 

solid" IllIlie mL iiid Iiwi )IIt CMI he IHIMll h\ lilt'itionl o1 h\ c\tritiiI %kill]i0'i 
NA \1 lIoui\1I1L muiliaIIII;IiLLI,iomuiiimiI kL-Irls lO.3-miIm thICIe lkes') eaII he it 

111k). SW1, ilt.1111d. ACIMI1C1. iIlI1utItt. 0I, CAIIIIII ililit1le t'All he iisetl. I eI-cting 
the pl)IilL i~ott. 1(11 i 101121 il Ill Iii) ii%k h. llo\idle. mid -,I mliLdtlt the tilill flt!kcs 

Methiods for Alla(oxin Analysis 

Current Iinmuiiocliviical Methlods for Anaulyvsis of AIlat() \in in 
( * omiid nuts anid Croundn t Iro(iict s 

U.S. ( 1111 

ell/\ Il1111liiIe 111111111i10,01nL-eI1 1:~IsAIS IIlmottt . li chshenl descltiped.
I hie 'elisitl%IeC' III R I \ %\L'iCIll the) l;IiI2c ()1 . iCimid iii 1:1 alvlsmI]-, lS.\A 2.7-2 

des eltpetf an~d inesiil tested-L ill ;atilk vlilillila~teti irolltil i ,Ilpllls at 

ll MI11IliIl 114iiNt (WheIII el t11oo I Imll it ol illkei;otoi 1rs 1IItls~1 miIio t he plecpara

pt11121es till tile jiltdumotllolI hod les.llti 
 lit ~oilIseIfIeIts II id tile ild\1llltztges antd 
disid Ililtleicll IIllIll1llIOlsalk,. a"s k~ 121 as plohelis assoia~tedI withilltlilof 

ItIlIll[Illoehlicilil teeitlech Oll Ill~eotoxills. \\ ith elipllisis oIii -ltIoill. are11viwed 
[viip11ttass Is eeIitel-ed til tile i111llilitlOassav~s ol atllatixitll 1 1ll 1 Pr lucs. 
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Methods for the Analysis of Aflatoxins in Groundnut andI Other
 
Agricultural C ommodities
 

t csnitrcti . and 'Ati Of I ) OI plr~ Jr %11 0!\ . 1Sn 1 . ~ O)lii Of%1111 Nir I0I MI0\1 11Ohtit 

NaI it)tIla I Re k It It \1III[,[ I\ o I wc~tI i and Ii~hci ic. 2- 1-2 Kamimidairi
t tI Lo aIV tLc ofI !mc 


YtahI suk uha. tIhm A i 30 Itim ii
 

cettec detee:tioti \\CIC dICc~ti(I IIt III 1960) Midt JIre Still\ idely. tISCLI. III tilt: ateIJt970S, 
Se\vera Iatpp IIl Iat 0n1 1ItohI I)C 10iIItanlCe LIjynd CI10Hit IattraL'Fv)I . (III) IC ) \M( IC -~r 
elIoped ind e thI tdfit] ithyl( \%\ ,c-Iit I I-, HIo C Cen I, IIIthe[III I CI Citths ,He'. teC 10\
 
pttp[iit lIoIt IIat.\I itIIa l~ sI\ IIen it 2 C (11 iCetIraevC IS I ejt IIeId. I of NO Me
de"-11& 

and thec hii.ht giceih ll tlI CIttcnI C I ) i.tIIL IIItItIC(ihiiiittt netMIod \keCI 

SlittilIilL mlt th kimid (fl ICstitte1 iioxx Caied mItti o tli I) I i;f itiiciulltill 
iltvlt Ittl. (la i(.1 itllitirto t iitplil iti be 1used 1r(1 ~ t milmal\SIS citainIlt1 liitdei 

Coitlll"t, choos utle spetilttethtillCds or11OI i'J1II it Shoulde 

L~nivne-Linke(I li muunosorhent A\ssay~ (EIC1S A) for Afatoxif B, 
E'stimafltion in C round[lits 

Vt. A\injaiahi, NA.. NMehlmn. S. JaLixrii. aind DNA?'.. RedON 

IIlk'Ce 1121CN iitieI 1ltpet, illa 1-titt-o incL sertull thuti \\,S used to 
j~IttOdtCC itl i.titisclutil ill lahhits. I heCSaiteII haptertCI s;upe %%ilialkaline phttspha
lase tltaptr:it-H3SA-AI.T al sed Il it thiirct etnixIItIe-litiked ItnmnnI~loito (Ire~nIptiIxe% 

ittetititoh ttott il~tuirAil\ Cotitlannitatil m 'Spiked' -ttttitnwit Seedl StitlpleS. 
WAlS o I oC(Ittut)ie late tcd \\dtlt tit alittis U1i1, the, I)latCS0a ittlct I tu\1tIIC I Cere 
\\ce a~shtd ill NIS-I \%cnl. ~tiitut\iii 1 Staliidd (ii Leuitdiiit saIntnphe exIitt cS.and 

ha ptnct-liSA-.\ I)PCottitlat (ceti iddcd atnd theC plates" ne1CIthated lie plates were 
ilgiiiii \\aShed. and the muittliit tnt ctrntpreitIC httn:Id to theC dttlihttd \iiaS detetitineI~d 
Al additiont od theC Sfltitte p-ttitrophltc\vlphospliate. 

I1lie ltptelliiS\-AITeoinjiieatc hiad\atlxitl.",ill Stalhd] ,itSItItpliCit\ of pruivtra
lionl, and highl specillit\ over tite eunnCeittial to.'iit-en!/\tttC Lcittligate ill ieect 
eompiitivc ITLISA. 'Ihc asSiay Ittetitod Is mtore rapid and less C1CxptSivc thltau thle 
Physieo-chicntjeail meithttds ol allatoxjntitanalysis and It can dctect levels of allatoxin [it 
as low as 501 picogramsl. 
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Aflatoxin Analytical Methods for Groundnuts 

Kl,. "Wlon
 
I l tdus+,ou, 1) '.-p ,t l l lnlcl it '11 I'Ll l I "Il l ope, I m 'l i( W m , ( A Mowqd l wit iln,
p~i I WpU~M Wn 

,\fIl~to\In ct rInitnition it t'Iotnd nits can he appmachcd in sevr al , ays. Ground
nuirts arca Itc n miriliminaiil " ith A Wtoxin IB and H, and ins ofte " ith aliatxins It. 
It, a (;. .dand i it Is ll l[utllll to havc aamtlvrical %,alucsthat rcprcsent the total 
allati)\irl o nten I I1 Co llt.i - itc ot\ in c tcd il li1 cotntt and others arc 

Ill the' ottail ilfl t',,'.i itelitu t. It iSQes'cIt.I:to.SafcI\ handle all experimental
Itattc ia \. t l, \, It lhat i.:! A l\k o', (if i llatoxigcnIc IlIclgi. VistLal scrccl

i fl!, t!11sl,,pcQ It I u it .IImscd t tte l,-nlcc otlc"nidi.al Ihead o toIti .. scigdi
/0% i,11 US A Ott. H it k . I'!Lilt]1, lolt *iIIlld tili\ all\ talfIt ill--C ll-.ijlulated lots into 
0 1'c LTi t,lt ,.eilelI r tL'ChiHtjHe, Caln h! ti l l bit (he\ should ltk a,. bCI . \%Iil 
tI,,t(t ill t+01111,11it.'Illl tt 't kj[1t:l11ltil~ti\ C Intlod. SC\ Clal I hill-la\ Cl ChltOlatltgt'phv 

( II ( :cid pci I'lnl1 n i qt iiItf ch1L tati r Npllt ( IIPI 1) ,tIlid ;rC suitab2' 
I I,iallt ea [ol l and t.'clkcI l t int" ill I rise. I it e' e inltititilteitical t Itih, such as 
tire ni L'-Litiket ilIt blentt ans I tIl Cl I IS:\ tit alilli', COlli'tIti nctiods al 
h(l'1111il t idlI dL\.l )Cld I IS \ itc tlttioiN t: it\ailahl)fc ior -cicciniitt 2 d, \\Cli as 
c~i~it-tl ie;ltr 1iecl i.tit thcIe il 't+-nlt ttlk ti\ t ;l ilt the\ htlli ld onll v he 
t: -c+.l , it 11lp[()p( It u't i~,lk, Ilhc Ilt~it\ Coltu till metthod s, less,. t lu c atttltu->Cn1+itic 

;Iii .Ii h( HI,'d I M t..1ith I Q )I qUallt ii (ll. I lie".iL'.lt' 11lt "i ce tical and ill illltinocum rctl tlu 'tltlds atc It. 1iihlc it citic is tak,..' itud pcl".ton lcl arlc \;Icll trained. All 

anitlit ll Ihtl', 1o i.. shouM 'tic" Safety and include s uitable anal\ytical \alidlatiproced),."u lret,, 

Research on Aflatoxin Contaminationi of
 
Groundnut: General
 

Aflatoxin Research in the Peanut (RSP: An Overview 

UI.(.. Nakawaina 

P[iltcSor. I ntm'l!tI! , ,; :.: 1t. I I ) ICII l l. 1(t.I-1.ii t It'r. i . tRcci,'11Ch SlIpIut IPITg :!Ill 
('R S'NPr,I.WIctI I,\ I II .1 I I l I \ 12) 1 ',\ 

-l i global problemi f 'i1lta()\tin i', bcitng pur>,cd b) file "caPenutCollaboratike 
Rcscarch Support (IVIiII ('R'SIP tilriiuugh11: (I) ifc\ClpiterIt Of cultiVars 
resistant to illsion h\ allto m -producing iungi (2) cultural practices to minitni/e
insect damage ,hich lacilitacs Iutngal ix aiti (3) dctoxilication of contanminated 
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rits and their products: and (4) separation of contaminatcd nuts. The dimensions of 
the problem appear to indicate that a substantial portion of the crop must be sorted 
out to eliminate aflatoxin. Irogrcss ill each of these areas giCs promise of the 
Climination Of aflatoxin frOm food-eradc g i tindtuts. 

Queensland l)epartmen of Prinary Industries' Involvement 
with Aflatoxin in (rounidnuts in Alistralia and Indonesia 

K..l. Middlefhm 

Siiiilt. Paitl oloi!23 Qk 1;i,111 .1(111,CN .1.i !Pi . rI Ox P1111;11\hI.";tation, N') Bou\ ?3, KQu,., thick-i, Lind, 461,I U l l 

Rainld mttiilt prtIMtictiol il Qictntliiid. Auistraliai is ofttCli erel'' affected by
aflatoxin Contamiiiation. I t1C.UcnLmd I )cpailt t mcli of Iritiuarv ItidUmstriCs (QI)I) 

ti] i.tcarcli ci% 
this pi'tbleiit in a \rnit t \t,"i, ,ic hct iimii ass arc A Ai. 

\teltstit acti\itics hai.c .ilt'tllltt-t., tto iitpro.c ptdiiccrs, uMhieStam diie 0! the 

piotidus c.\teis titi ' ,i't,, to i rotldlitit prodiicel 1. and has addel ssed 

c a .'ll , t s ' "a l a t o x i l l t 'o l li lt l hm l i l l ! 1' i t r t ,Hll l t1 1 l lle¢.' lt h d st l t ~l ~ il i ot a xa i l a 

le at th1e f',Mi I\eel a I' at ih<' 1,hclliL' plait. 
'+Sciitific supJott hit, hlc i ai, jia it. lade ,it O Ih dIll[ilt ilidisr,, Cstab

lish its 05 n u;lity-cot I)rtt lacilitiu itt ,c h, ,lll ,'liic t local t;.ctois ilOrtitt inl 
O!ltoxin leCse IOIti,:iit tCMInl+it a ll '\il-tlilldl ,ih 11t tle' ltic tii It ial GrOunldn1ut 
A.,/)r)ilhJls lhia, s Nti ,,, to colk I JI,+ s\ ill' lilt ('ot m: aind a l 1i1trv, t twCalt ft 
SciCntilic and Irtlustrial RCSC;irclh ()12ani/aloll ((SIR(). md the Australian 
National It!tivcr,,it (ANt ) in aflatoxin rescarch aictivities. 

[h.e Attaliait (iCtrC Imlitirilatiomial .\pricttiural Rescaich (ACIARI-funded, 
gOtLmidnLut pricct iC Itliicdia comiducttfd ill -(hlhiho-aliO;) by sciet i:si fionit QI)PI 
and the Aenc, for A ictthuil Rsea-ch and I)csfopmnent (,, I )J ,ay. ill future, 
consider the iicluisjin tI rc-,;mrch ol produtt i aspo::t.s of aflhitoxinl contl amination. 

(;roundiut Allatoxin Problems in Indonesia 

,M. , , i flchllud 
PhI Patht ,h gi t, ] l ..R ',tiitr IchLI!!tituIcII , ' I-d( 'p (IlI fl I ) I', i,.. "tisS ()()..I ita ( in anggu, 
3A. Ilogn 1 I hidotic+ia 

Aflatoxin research in Indonesia was ittitiatCd in 196 t). Sixts it cighty percent of the 
marktablc gmunttmu, scre cotalaminated v ith aflatoxin at heveR from 40 to 41I00 pg
kg I scels: rtail grouldntits being the most hilify cnta;itmalcd. 

Processing raw groundlt sceds into other products, such as pCanut butter and 
fermented grounduLit press cake significantly reduced aflatoxin contamination. Clini
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cal studies suggested a positive correlation between anfatoxin ingestiot and human
 
hepatic cancer.
 

More rseat'h is needed on the role of preharvest fungal infect i0 on postharvest
 
allatoxin contamination, the control of storace contaritlation. and on fungi
 
groutdruit × envir onnicn ilcriiltions fIavoring aflatox.in production.
 

Field Studies on Aspergillus tlvus and Aflatoxins in
 
Australian (;ronndntils
 

J.1. Pihl
 
Sc,'n i f lm. (h S'k ('111111'\.m; 1 ' 1L toa l h.'kc.'+
il Pr pal t;if Iltlt ,n11111 d (likh+,Itt ch ()lgallilatli|ll

S11, I )I , ih,n 0i1 .... 11 ,Jl ,.'% r P() ,d 1, ,c'.1, ,. kh I j I1,1,1>Iio,,\ S2 " lh W',alcsn,,<, I,, 2113, 

/\fI:ittOiHs have, hCCn a .SCrimis prohlhlt ii.Atlltralian grou idm+tis in the past decade.
 
\W'ith thic es r tun aInd illIdsir
aid of .al f1unditng., tile ('umm m,.icalth Scientific and
 
rl u,;trial lcsclc'h ()rgilll/illia t l (C.S R ()),I )ivision ofIFood Research has carried
 

onilin, m
(lt all tit'enlllw'sOf this Iperiod. 0ithemphisis oil tudics under
 
C ,+JltlIerCi~tl
IiciM CO~ldithm,,s.
 

Rc,Circhn ha, boetn p+rimm il\ iec. rte .AvthV itle tsalilinw the x+aiahlcs t1.1t
 
ilillrclinc the i1i\
at'sio lo! ,r,I udtlit',olt1s l ."I/'Sp( /,',I i 1; itl. . palra.s'Itiu'lls, arnd the 
St ,s ieI t IpIptkmioii flt0xiri1S.(c'ti If "AC10rs SltiilCe iIutide: IC\lvelS of A. /3 1IIS itt
 
sO il ,IS,1\ ii actors; fa rml nF.ilanagell1ia1 raL+,ctices affe clirro ,I.IlI uIsin\vasion;
Un iiHiCul it 
and tihe iifluence otf and stosi el~ill",proccdures on allatoxinl elojiritet.


Nlost ,romtdint oil in Kiia 
 rmov hasc been found tlcontaill detcctablc levels of
A. lkI. 115. lile >Lnriitnidiiiu sirein Soils usually do riot. l.vcs of .A. lhivus in
 
rtoitdiiil soils sarv ,.dcl\ mrn less than l(l 
.,Itoi shigh as IP0 1:high levels are
 

much moetl likenl to lead to 
 il\.asioli. S ile fields Coitainrred Consistently high levels
 
user s ra! war . I he .. /..
I. 'in ir.shiecu ratio also varies\ssidels fron fkarm to 

lnilid,and Il n uieiiieC1ccinialioim ai] toxi lploductioll.
his esli.tin ,hi\,.' sholn that ir\asioin eruf driutsitI\.,I. /li'atu. takes place


hekln pc mrdimlits al liacstcd. Imlsasion \\ill not 
occlr suuhSc, iCerutl\'. neither will 
allatoxill he p~rrdUL.. \n'l under tile least cffuctisc drying procediles. In all but 
excoptiinally drs Scasolns, little alitoxini is pioduCd swhile rolidntll.s are in the 
grouirnd, i.e.. mist allatoxin is iroduc.] fplmilhar'.tit.IUdr the most favorable 

i' 
 ouiduts reluinco )is,fisi to I(tl'is to dry in the field after hars. t a period
SufliiCmeitl Il ttlor afilatoxito reach unacceptablc levels. Field drvin,, cannot be 
sufficiently rapid, \Cl ildf\ scaSolls, to CrIstrc aiflatoxin-ficc llt intake toullts 

shellers. 

lIh percived importance of preharsest iis aoiun as tIre rie"ars ortdition for the 
production of unacceptahle allatoxin levels has led to atlempts to predict afilatoxin 
h',els at shellinrg intake fromn .4. mirislevels at harest. Success raws have been 
encouraging bitt are 1t yet of practical utility. 

2) 

http:aflatox.in


Aflatoxin Research at the Indian National Research Centre for
 
(;roundiit
 

M.11. G;hewandt,, G;.Nagaraj, and I'.S. Reddly
 

h111uhgi0
!IIIII I' t,iBiOL1 .'l1 l R c c:l[L'11('CI!I1_ (Irn 1tdt,1C.tiw Ikt. mrid Dir, - Niiatim 101 i iIhawiitj 1"(), 
J.unm~ndh 302 15, (m; I~i. II id' 

ote
Ihe mie f i)l .. / /i/II ItoXIn.IS, the osp a1.S It IlatCs to piro ducc :1,'k al icit, o," 
theiC ultuItrC iltr alit!seeds, I seed I II S\'ere ,,tuJdied. Isolates N I.( tes to (crI 

300(0 and V 3734 1() ruccd ilgh Ici-,.of alla.toxins in culture. ('ulture filtrate,
 
from these oilt.s :wdl I otlN R(" AIA e,Ic lot to\,ic tit seeds and sCCdlings.
 
('otlnercci i a., adanced br.ditle li11c,. and wild .lchis spCCes wvere,. 
SClCCneti Ih ICisM Lc ,oioni/att lon of 11111u1 and toIt)ill\ito cd-,h\.A. isolates. 
aflatotxin priluctin. (ieilot\ I'."(( ( 2. 1-4+ ('(('7. S 230(. des aties l .S230 ,' I 
33739.1 F, I atur 3 'I 31 73.41 a:d ict\ hid-pCies -1. C,'ona.iand .A.i1ur,'wcai.,
wvet,..r..su:,t;antto)svd ui Ittiitt H, .\.I/,au n+,..\AlIen,t,,'ype,''Lsoi grttndit+ut and three 

wild .P'' : C.si 1r 1poIt Cd hih pr),+luut io tnt atlatoxius,. butl unlv trac, lei s 
sdcrc p Iodlcd inl A. t.,uH(/'la1.\l anid .. ( 'l,,,.\ 

Ati1toxins \\erc foluld (27-16 i kL'')Ill nC0111 romnu(lnut,t-, u icuMlI c+.a;+1k,.'and in 
dc(iicd cake. loisttt,' iuutukc c'limicit. lcsc- t)lsecoat ptutols, and piotcin 
cotnlt 01 seeds \,Lcons',idered to Ittlliutnct.' lat,.n couuttHt iuualtmou le,,elns. Soaking 
seed" inI \ ariotil,,oit2',lt:iii sllictnut \ ,tiloutld titnltIt ncC the degree of'and illort-n >, st 

, ItIlm si'it 1..A t11of in
I/h\l f. (1 ol altitoxi production ill ,itro inoculation tests. 

Set clal ltoxt ncttlods \,,cr,'lictot L:allillcvd. 

Aflatoxin Contamination of Groundnits with Special Reference to 
Sudan and some Caribbean Countries 

B. Singh, A.S. Khalid, B. Magh)til, B.O. Okezie, ,J.('. Anderson, 
( .(. \Wheelock, If. Jones, and V. (Caples 

P rot csitmitd L'cuuut( RSt'( uuuId a1.1\A& t II% i t. l'tu ict t )cpiiittI, llaI %II d ;c ,.c tilC It. () tox 
274. Normal, :,t ',S'62. IS \ 

Based on ata-scs, uiNf tteh,,'clasco atnd the rtopical I)cclopmcnt Research Institute 
(rl)RI) methods, lrlic ol the sat-ples collected lrittu l.trll hottseholds illtwo regions
of' Sttdall. a taielCd arca 11:1(I heid). attd an irrigated aiet (Wad Medani) 'or the crop 
year 9"3 84. cotntained more than 15 Ipg kg I of alflatoxiti. llo.+,,ever, sanuples col
lected from the market,, in,Khartount and Wad MCidani conta.inCd 1filatoXin up to 945 
Mg kg in rit.vgroutdnuts. tip to 517 p kg', in roasted peanuts, and up to 994 pg kg 
ill gritutnd Itut pai,tc . ( itoundntut paste prparCd altCr I careful surtitu and cleanidng 
had only 19 pg allattoxitn kg 1. Analyses A 145 samples il Jamaica and St. Vincent inl 
198t4 indicated only, ci ,t s;mples containing morc than 20 pg kg I of Lifiatoxins. 
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Roasted peanuts and peCantt butter samples collected from markets in Jamaica and 
'rinidad did not contain detectable amounts of allatoXillS. IlowvCCr, groundnut 
produl.ts collected from St. \ inceint had vry high levels of allatoxins varying from I 
to 4O pg kg 1. 

Aspergillus Mlavus Colonization and Aflatoxin Contamination of
 
Groundnut in Sudan
 

N.I.. Ahlled, YL.M.I. Yotiliis, and K.i.Malik 
PI~lililt lhologI, PlI'it Scclioll,A\t-icullriIiBial tInd alhlloU l k(escuich ('iportioin (iczira, 

Rt.(.alch . li;litil. \ a;id\t&dI i. Siii, I Ct'licU. Mid \t .St. SIMiCIi, I).Mriuinent otlApplied Chemistry
 
jlitIt h lic I tIhIliLmL,!, I ' I . mit c shivoI (irL.,
th II Ii'uI It\ t'i)ri I Vt'cc IItVe I I Ia skdan. 

Ilhe l 
,spftL(X1S, Al1,; :111d atlltixiiit n ninatiom of sced of tour comlmercial and two 
mitlier glrUdiimtn culti\ars \\cic studied. ( miioundnuts watered al I-, 2-, and 3-week 

effects :I irrigat n iceUinls imu date if liarsting oilprehaivest ;nfection by 

illt;r vas aili(] hiars\stcd at the nwiail time. and at I wck e andlmi;iid I weck after this 
iei \cr' Ircc Iron I.i/,./1,scmhullitat ii and aflat xili coiltalination. Asocrl!il%' 

/I il.s cohlli/cd it low peCrCitaueC (2.7-7' i ) 0 InOUltnillts left illthe soil ltmr 6 weeks 
lir harvet. I1lo\ c\Clr. no ailtixili Ce uialniilation was detected. Wilt dis'ease_,s and 
inSc't dailn, lin lv b\h t n ll(tCrmllitC:, lrCdisposed sCes.iterl!, t)prehrv.st A. 
/,atas infection (ls.4-69.,Y, )aild ah htxii contanination (18-21 pg km'). (round
nuts sltoiwd !,r3 iionttls itii \ ll-\wiltilated room witht an i\'umg, temperature of 
15 ('wCi cmlmUliicod a a t" i hut with no aflatoxin contamination. Infection 
iicreased wilh inic ill stol:ige. (irouundtits harvested I week bcfore maturity w%,ere 
most affected l y 1. ///1m.p.iifect miof seels in ,tci!ie1, but there %%erc no differences 
bct "cun gnrnutpes ( irountitnu stacked in sacks at shelliig sites w,ere sampled, 4, 
were Wint:llimnatcd, \\ii h asllr\ al tlaloxin Coniteiit ofa II pg kg . 1hose sampled at 
oil mill site were, I3 ColltllilLate with an avercg allatoxin content of 20 pg kg i. 
(irouidhiuits lef t initll.soil Imit 2-; wek.s at ter harv.t in trials on thel(iczira and Rahad 
irriNattoll scllsC, had IN of samples contaminated, with an average afatoxin 
c'itteiit of 1I ,k . 1his produce is usually allocated for local processing. 
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Traditionial Grouiidnut Storage andI Ailatoxin Problents in 
(o6te d'Ivoire: Ixological Approaches 

AX.PoicIt, C. I echert, WI.XWiegmilt, .1.Harkenwii~, and' Ells deCI isdonk 

F itl lC witn P t)Sp t l i t Ilm lf)Sti I rob111ICbree :r 1 IC d \Is )C letcti) IiI 11 110f 

SmqlllilC5tOR IrtONkI) CL-11C I'AdIe'Ioll\ [liii- d 'ill Il~ P out t'1MI'lc21ra I Lielt.tl tlol I l 

relrhl\.llicli 'tl rel e 11 i olle/sIAId l sa en in1611dk Ill \l a I~tt let )I pletk 11'1 
ati III aIct \'I i d~etlisl kllIlll\.11! lllt Iiuu LIIas[ iilltl Il~l withIlc \ I the- s 11111" ll 
ItL-W1l1llt.\Alh l lit ilI liii yvi. nl\cth l I ofth143:\cI Il i 2 l. l~i'ilt, \ c it 71) lca 

( I V011 Od IUIiStiii;: ll.ceytlt I CjI olds Il111 1,liltC 'I %i01 I itI! .[ Ik ( 44 :uhol,\'I171d th I 

Leojutinier(oiuiia iliit I Isiife\ Q,)ltel I (Il I tull cc(KI-lcitap o1 :il 

PetI s~i !IIitiu irietereil Tlll I,,, m lillimc, lheY. iiit lctll lisiC lhll'eisiSat 
of il pods\C lanth oii ci iic a I,th lies tid ltlliospl ci IICiCtiiiy.ttil 

I1. llk , kwiih , . Samc .Jcl l~itlIC, .. . ( l andnII W :11 n(iIcrs .W 11 I l ich 

ntli ll W c i [ & lLli t2. ~\ ,mt~ *\ulil llll iiic.t N Skcts Iit toal t t.. 

Iniaua~9fl) tali~il!~ill f'leii aste and7.91l1 t te43 licalIcc lt itm Ill] plot 5m5 pitii 

Ntcks~l c ilithit CNCCe'lei, t~hto\l (tll\ ll 5!tl t~,ild jlt (lOet ii i ,l of rO.4 lo vet 

rl eirds, (oadposphere1~li.tet ( 1 L: plueInaliptlatilonse c colihed it ter 

E~ninerngAsecs f'Afatxi Rserc i Goudnts 



11u1tI hC0 11 olk'dl Ci liT liW i' , it' -t'ilC",t t lh l ('0011ti iltl-01h. 1t l IhIt' , L. 1111 

Itlll (IM i :CIi Ihtl tloll ill t LllqtOtti t d 

p lah n dc ;111( 1o ,..':'t I _ II'U nt.lJ1t ltlli ,IIIl I, C11'.'t lot \
 

t "W i W,0 (LI pil It,it .St ' . pi t' t 
+ 1 )() ll' III| il '-,oiX llit_ ,.l 0l > . ~ll 

v Ili'c poll.tlt Ioo l . il l t. :llI " oilt .l I) riiI.: n id . 1 Lla le OsHip. At 

llI t It M L c lI IIi I c n . t oeN dil 'lt h I I tlln'in ll ti dIhl .Ml ,l ,,. id 

lidNr lInt let N of(I th l-cilit%, , tt d lt. bu lJ tdlI ;tI to Ill O\ Ith I. 'AidC "ll'IC!%' OJI~u 'IoIi I I (kVI-l "IX d LI t I. t O II IIIltc I 0!1 hC Xpl~A I C"toxIIIII h \ (Is o 111(II,- I IIt ill mt'\il[ lli(l li t .'Nilt.ditil l h ilt. \hll lih. 

E"nvironmnental (-niditio)ns Required to Induce Preharvest Ala:toxill
 

Cnt'militlio' rltint'rift(hnls: Sttinairy of' Seven Years' Research
 

R.L. (O.I. .!. Ila(ikr l I.N\. I)Mirner. an (I PA)A Inasshiip
i lkdlL\i' i it Lltii ~ tICL! I a li~l onNliL Nfcl',ill illiRc ,cj IL I .t[ I)!I t, II I 

Lit\1,( 1"hl''!'w I It ilt t . , 2' 4 Ph t I -i I t l lt I 

ll I,)tI I lt t t~ ltt), , , 11\ +11'tti t.1 I+ II % t , t+I iu, ,ct II.IIIc( I I li I I'III\ IIIIlI. 

I++' ldr12'I. I .t t I , it IIi I,'tII'I ' If trlkl IIc I \\, ".o I j W OVl ii,I t 11 I r + . ,C I - Id! tIt c ll ,I .
 
_"I t l~ .l t C 1)~rit-!+i , t I l'III t ~l I c +_'t l icd
I iS d I,II t l. I I 1 I'Iil'~ l "x, -Iv .t llk l l l I I~ 

Hlll " \%t,l, L.",I~iY I , . I P, ' ; " .lit[\ II c+it",tII I . I C 1,+' U 1P 0 I '1 C-d: . ir t 1111 tIIC' ,, l td '+.. llitt 
%;lit11,11 " . ("1 0,'. I II fll tI it ll, m id It i 1 t I I'III I . \%,C+II.: i_; l It"I+.iilt Iit 1 ') C_c;I\ II+ II IIi I IIt~l 

C( t II Ic'. ,. k III%%C Itlu+ I-I itl Il l l', WCt colltmlllilliat+cd) II tl~ II III I ",11M'-u~ (10i1tl I htt'111Cu 

' ll,t, 100I l l',! Ill Itilt..tth)Ctio+ 01 '-.C\Clt.L* Itdll o+,l~r'.c,,d (11oul;ht s+,I t ill :-,lpitc Of 
in 1;,,101,iii,'\ C.k, 01 11+ t1)i t ) h\ Ih11 il !,ll OX 1:1-Il ( 'dt1 ..ItII . IIu i,,. ISpc.i '/ L I/,'n usXand<. 

,d Itwilt Ito ]; CollI;ll Ilil " IIIl, Ill oI'C illlllat tll', 
Ph',to+l,.xIt -+l+,t,Cd rc,,i,t:iIrcc 
I] t Ic I ,t I "",, 'ctllic+ tillIIillc.' rIIaIdo I kcni'llIs. 

C.all ruadilv c.p,.t l Ilhc ht-midc -hasud tuCsistance 
o h sct ,. cd itt Ithc l il~t-c, o i+c tm at u tr kurciIC . S ttlIldIt: ' d L i' g1 .+X ,,uiI I ot 'Cd th C 
lhy,+ptthe..,is thatt prell~trc,, co.l~ltat ll.;+Itlt',ll \kill] allitto~xill o mt illa|tcs, Illtily fronm the 
SOI1i[ lld 110t IrOIlt t,it i. ll,11'011 III\;.lxiO.. 
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Research on Aflatoxin Contamination 
of Groundnul: Genetic Resistance 

Screening Groundnut (ultivars for Resistance to Aspergillus flavus, 
Aspergillus parasiticus. and Aflatoxin ('itanination 

R.E. Pettit, 1i.A. .X/ai,el, R... T-A)er, I.B. S,,erszen, and 0.1). Smith 
" 

:\sso-ilc t'ir l , t 'liIl[. I . ,Jli I)cp rl:1,i l-. "c al,'h \ . i",cc' I C11'I .cI l h ,\+OCiAl.+ ,11lllt 1 

t il (n ll Mt., . JN.I P 2l Iit)1 a t h i I \ I 12.I, 

lliat0.\jn(cre.nii nC rt'l'O SI ntltIr' lMti\ Il [el.1t.ttl+' ili\Ol\e5 ii tolitiei.tioll the 

ellVlroillIlictait l Coilitioiiii that i;1\ o t ll.'t%\1 by I sic' g lh. I I /a uuI . group ofI lItgi. 
ie phl t 'issuell pee Iitr:ttd. tiIl . oI penCtratio . and tle pI1h%Sical aitd biocICtIIical 

laclors that K'tLill\' li and alltoxin l ll . retjuitCt l'I ttlll'tiiitt CllisideratiOl. 
,~ %' teisl /lu,-ill Ialct lCivs, Il i be riilarv sonree o ill ltt;I+plI...cttltl+lr\ 

eX;In di)C\lop ilg Shells of all cluilti\r'.t tjiCn \ CFC eailY iI'ItAlId hit pllCetratiOli 
throtlgh tile She ll eIirl\ till eii t,\t\ ,+ il \ith lt\ .s ,.s ll l 'uId eliei-IsclCurclchvn\ lut uu+i+it),.iidCarl.%ill their dc~clopliclnt \,,-tc l,',wCp~1 hyrhal pcIIC

tratioll than those \\ ithoio t ,uch banld.). K.rnei l il,na1)Ion i,, i it'ieii bv features of the 
i1ii111 iltid Seed Coalt. 5M111I. C0 ted 1111i,;11t Cillaptct sCd coats \Viti i thick wax 
iCpIOSitiOll alre ill')orti it Ill relatioll to Ct.istal,'C. it cContcl t of tle seed Coats and 
pods \ali cd llitllt etlti lais. lliibitorv Comlplun lls (lie Cot\ t'Idlls slow fullgal 
growll or i, hibit afliatoXit rllmation. Iantiin-likc Culpounds (tumbllilronic and 
iiictlivil Cilt. Cioi) olttlld ill Sont.c irolItldlill seedtCoats werc otld to inhibit A. I/auli s 
rowvti and allitoxill itol .tiol. FleIctrolillorctic separatioll tnder sodiniii dodccyl 

sulfate denaturation lhas rCClti. the plte)NCt+ of 20 polyfpeptides that vau y amiong 
cultivars differing ini si-,ctft ibility to A. I/atu.s. Isolation of variolis plant constit;Cnts 
to detect tile presence of spcific proteilns, tanni -like Compounds, ligninls, phytoialex
ins, and other compontds may correlate with CI,ls (If resistance ard should be helpful 
in screening cultivars. 

Resistance of Groundnut Varieties to Aspergillus flavus in Senegal 

F. Waliyar, and A. Bockelie-Morvan 

Assistant Pri, rount.nu Pathologist, ILegun SI."AIanli al.i it s 'roup iai. CR Directoi. Annual Oil Crops 
)ivision. Iv:titit de rCcherchies poll I etiuicsetol;agiicux (IR 1(0). Centre de,:oop ration intern.ationalc 

Cii recherche agrnloiniquc poi)t Ie tvelo ppcllcnt 'RAt)), II squarll: 'tirrqut,75116 Paiis. t'ranc. 

In four rainy seasons (1977-1980) some 40 groundtut genotypes were screened for 
field resistance to seed invasion by the aflatoxigenic Lungus, Aspergillustllavusin trials 
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it IitlIheN and 0)airou rce, roh, stations inI SnclC.L iI. STnilicant \aictal differences 
were olhmcrvCd it hir c,,I r , ofl cI\ I,,OInillt uc)cnrrjtl 

. iA. i.F. co.", x _'i c 1) , IdcIivrclat pe' hiii,,Ix Ivelht

> in t illvh 1*1c1 L in tlltll hv 
sl ICId rCiti ic'\ c Iith I titpIrc\d 


a1lteC. (to I ifti Neetd o'kt IIi/atili n )-\, . i/at ti/ iII lia i tortl\i lottC a hlt3,l tcSxh.
 

i dt e1iiIh1w C'itU i unlm\, ii \ iiict\ .S -437 tad hi.lI c\ ctN 0 t>ciIi c ' Iito ... /all i ni1t 
ho-II icld and lal atiii \ clcMc l, xxhilc t%%(I , , (7.1-III :ie' illo 
l, ii in Scliccal llld ilidetl c I x cilN oi ie 'alce 

l it , oC'iiilcd'l tl\thII% liiitn\ it toiit 

n 	 ',iltld 73-33) 

10;i ii l t _':i!O .\ Ce, \5hh stc(cd IC I l:.ltc to 
A. 	 //,'I 11s Iild a hixcrl pip iitiin l 1. /Ami.s inI IthCir rii/10 lt rcCCiii cillOiac thin 
ltd acntlipc, Nliu cciplil) . ii Ncil inx i, ,n i\l Ii ctix. \aiclieN. thriiueh their 

c'lLct O ill lti/o phct ix c ih ic it.ix tnlicilc t le cuitttpii ,mitio:tl lithe soil ttcoflora 
ofl o-I tilldilitli lIIdl. 

Occurrence of Aflatoxins iin(l Alltoxin-producing Strains of
 
Asperg.tvi/hls flu v)is in Groundnut (iltiv'ars in I':gypt
 

Kli. 'Nagibl, M1.M1. 'taplibl, MI.. . Da:il), A.I". Sabah, aindl If. .llrll 

I m~d alili I )aiil I .k111ll I ]:l<li~ \ 1% ll I u i d t Pf"i ci1mluli, ml~ 'ii wI'il a t ~oolV,. 
N a mi ai~l R L"'Wali h I 'C'l11i , I)I, A 1. ( A1l11,.I ' l 

lilt se o f giloillidlt li culti i a itleli Ito C'tcd it masiou tld eilleoh iuttiit n hw .ll.SpelliI
/ lI. ti a i llwfll (d t t\Clltlie m i (tUcilte Coitla itnllillll h\' iailoxil./, t i. hlc pI's II ex 

I\\ettx-utlc' ertiititliii ,liltilt
itivd Itui lic iterntatiiial ('tlops Research 
Inlstillc loii te S ni-:\v I 1t picks ( I( 'R I.'.A I ). I, atl icthCu-u, Alllhl't lPradesh, India, 
and ic cullixat- (u/ila -1) Irml [e.pt incIIudCd ;is i locai sti eptihle control, were 
teSte-d tIn tihti A h ) 1, uppLiit allaiiOxitn piidtitiul. All the cilli s supported 
prodtcti ;Itll lu t O natIIIN t d B.,l lltl 11uC.,lie al til , ptI tiucUd dillclCd hCix'eCn
eUlixanr . It hIux\vCst le\ c' i j til illa ,:int prtiU'ietIot t)Cin 1 1)0)pt, kg I seed in 
culiiar ,\I 7223. ;i tlict lihpeicst 44291 p, kg i se d it culitivar (i/ia 4. 

The ICRISA'I"Approach to Researchi on the (roundnut 
Aflatoxin Prolblen 

1). hI)oiiald 
Princl ipatl (iroolliil tul ll wi0il~.21SI, I L- i4 li1C hlglt l li. W IS ,A I. 

Research in a nuiiln her o countnlies it the 1900s antd carIy 1970s provided an excellent 
understanding of ilhe Cffcts O cultural pract ices, produce handling, and storage 
conditions On allatoxin coltaintiitation in grOttntitl.S Mnd grouidnut prod ucts. But 
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tlc recommendations for management of the prohlein evolhvd from the early 
research, while readily adopted by progrssive Ilrners in count ries witi advanced 
agriculture ':,,re nOt hing taken up by the ,naiority olsmalh-scale groundtnut farmers 
ill developil ,.,itltrics. Ihis infleneed the decision of' groudnut seiCllists at the 
International (rop Research Institute for the SCnmi-Arid Tiropic, (ICRISAL) to 
conlcCntratC on identification and utiliiation of cenctic icsistance to seed invasion by 
.ASper.1,ill.s 1PIuS and to production of 10alt xill. 

Screening Groundnuts for Res;istance to Seed Invasion by
 
A.pergill/s Ilavus and to Aflatoxin Production
 

V.K. Mehan 

6iutn11 1nut l1 t )l'jt1 t11l, ,lIOL!tdulI. I(WRISA 1. 

Research inl se\ral L0),itriCs into evAluation of responses of groundflUtS to Seed 
coloniz.ation and infection \ As17Cpi.l/u1s l11iu.% aldor aiflat(2xin production is 
revic, cd, and prigress made in this field at the International pl)s InstituteResearch 
for the Semi-A: id Tropics (I(IRISAI) is sUllinaried. Several lahoratorn aid field 
scrcnitg proceduics hae been dcveloped to scrcnl groutidnts br lesistance to 
A..flaii1s finection and or-ailatoxin prodictioni. Research o) tileeffects of cnvironl
mential factors on pod and sued invasion by A. IiauJs has pradUccd ilforlation uselul 
inl the development of field screening mtholdS. [or iistance, inlpose.d drought stress 
has becn used to inlpro\eC large-scale fihld screening of groundnut genotypes for 
resistance to pcharvcst infection of sceds b A. llavu.s. Several getnotypes were found 
re, ista ltto injection, antd so( of theill were also resistant to in vitro sUed colonizatiton 
by A. f/avus in lahoratorv inoculat ion tests. Two gcnotypes su pported only ,cry ho\, 
levels of aflatoxi n I3production ;vhe i seeds were colotied by an aflatoxin-producing 
strain1 of A. I/A;us. 

Screening Groundnuts for Seed Resistance to Aspergillus flavus:
 
Statistical Approache,- to Data Evaluation
 

M. Singh ,V.K. Mehan, and 1). McI)onald
 

Stattiicia[, (irourdut I athtIIio i,,.ndI 'rincipatI (it t hndiit Iaitlho list. I SIAI.
 

Environmental factors inefl ti nec the degree olfgrotundnut seed intfet ion hy A;pcqr'ilus 
lntvs and othe fungi. 'His complicates resistance screening over seasons and loca
tions as levels of infection can vary considerably within :tgenotype. Statistical 
methods were used to separate genotypes into different resistance/susceptibility cate
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gories and to ensure a stable basis for comparisons of control cultivar and test 
genotypes across environments. Ali approach was also adopted for comparing the 
degree and distribution (If rcsistance in spanish all(d valcncia type groundlnuts. The 
establishmefnt of such proccdtires would facilitate interpretation of screening data 
froin different environments. 

A.spergillus 1h vus Resistance Breeding in Groundnut:
 
Progress made at ICRISAT Center
 

I .I. \'asudeva Rao, S.N. Nigam. V.K. MeIthi,, and I).McI)onald 

Irogress worldwide iMbreeCd inggroiundnut't r,:si',tIit ito secd coloniatiou by A.,peigil
11s 17a'u,s and allatoxiII contamination is sumInati/cd, and recearch at ICRISAT 
described. Resistance to . ./ Iialu, infectiol Ila\y occltt" at \ arious levels, but efforts to 
breed for resistance have coIcentratCd oni the titili/atiot of the r.sistance inl tile testac 
of mIattu se;eds. At the International (rops Research Institute for the cmi-Arid 
Trolics (IR ISAT), gcnotypcs identified as resistant to iNvitro seed colonization by
A. h'wus have been crossed \with susceptible CIltiva rs of good ;iglrollo iCcharacter,m 
and several breeding liues with stable resistaiie to seNLd '2ohoni/ation and with accept
able yield aid quality have been produced. lhe genetics of inheritalcC of testa 
resistance is disCuissed. It is important that when breeding for resistance to A. Thvm'mts 
and aflatoxin production, breeders incorporate other resistance traits. 

Polyphenols in Groundnut Genotypes Resistant and Susceptible to 
Seed Colonization by Aspergillus flvus 

R. *ambunatfhan, V.K. Melian, and Santosh Gurtu 
Principal IBiochmi, (krotndmll~ Pathoflogist, and .senimt IRe.,cmrch A\'.,ocile, CR IS:V. 

Thirteen groind nut genotypcs, eight resistant and five susceptible to in vitro seed 
colotiation by Aspenuh/lls fl;us were grown in replicated trials at three locations in 
Andhra Pradesh, India. Seed coats of these genotypes were analyzed for polyphenols
using (lifferent methods. No significant correlation was observed between seed coloniz
ationtin] polyphenol content, which corroborates earlier observations on many 
genutypes using a single metLod for polyphenol estimation. 
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The Geocarposphere Mycoflora and Resistance of Grotundiut to 
Aspergillus flb vus 

S. NAhdi 
I'l~-I),oC(t> [ 'cl u, I u ill,,'s ~ m I('IISA 1. 

P;-c', [it atld, Cs,: Council itS,.Icu1i i1Cnd Itid 'M11,11RCaICh ( IR,. 1:ood and DI ll Ioxicolop entcre,t1W 

NatiInal Isljtiittc o1 N nitkion. tIlh I OlitlCl NICItc;' Rcsucich. .la iai ()NiiilliaiTl l P0, Itxkjciaihad 
50) ()7, India. 

n I, 
tion hy A.SjfL-Qi/l1./ I/0, 1/.S(I VS( 'A I). vrc gilov, I in ficId tria.. at I (I ISAI (IntIer in 
the 1984 an'd IN5 raity season.. (cicaposphcrt' ml'cotllotrac vcrc exaullilld all(t 
signilica itqhullntitatc and ttalit;aitic dillcctcues \\crc O ,sr\cd l+%ct.ccu, ,ct (ypcs. 

Frotld n gCnclitoty'pcs. tsn rctnt t t d two susccptihIc to in \ itro seed coIotiza

P.opuldatiotis of A. li/i, u, \,tCc hiuhcr ill the cta';irpuiJ),sphcSi tth' IVS('AF
suscclitihic pclltot'pcs thaun in thisc (of the I\ ' .\l- ilt i genoltypes. 

(icotvpc' wcc Also c\ atattidit the Wic of harvest Ifm lcecls ofsccte itfcetioti hv 
A1. 11, 1ia.Y.lhc i-su ,epthIl *¢ie Il\S(:\', had highcr levels of i;llcctoiol ill seed 
front1 liotillitiagdc tllm pod" tha had 'ccd Iroil I\'VS('AI-rcsisit,!dtl ocTiotpcs.I i 

In a grcctihotc cxpcrinntt, cxtitith's \",rt colhlctcd hot pods of tito tour gclo
tylc,, Ixudtics foti the two IVS(.\l-rcialit tctitvnt'pes itihitcd ill vitro crlin
atioti of -. I/;ill, lsporc's, to i iglctchan did c.x ud:tcs, potstrot i \V'S('A F
,uscptil~c gi' totpcs. 

The Semi-Arid Tropical Crops Infornation Service (SATCH IS) and 
the Aflaloxin )atabase 

I..,. | Il.rayui 

Icliilmm K.c',Plawnhi Mbarn aiml i"U imm Sw,ci I(tNALI. 

A description ofthe S 'I ('RIS P't,,icct at I('RIAl (I'cnter,thie characteristics of the 
SAT(RIS datahase, aind its information rctricval and dissemination services for 
groundnut. and the spccialicd databasc oilaflatoxin. 
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Group Discussion Reports 

Group 1: ELvaluttion and1( Monitorinig of' Allato xin
 
Contamination of C roundntts and Groundinut Prod(ucts
 

Pa rticip~ants 

a( 1<1-V\ k \Ik)%iI. ( ) I-ralice 

(.I). Cokcl U)NJ( IK 
S. N Iidi W(1 IS \ I \I\ rli 

C.*5 .I ctl ()W IL- i' Ii\a* 

A. 1)t1l1ci i it iR l1.t , i )lu;l
1ic )k l I t/if itiL jI' m cLLiLc~ II 

Qu ti tIuu iikP L easIR.ii Li~.uf l~~ NitIL1 ptLi~Ii i i)Iitiiiii IIHIC 

tP.St.NILL ititddi\iL tils(I R 

M,Saitiiiri Illijiltl iilh iiillfiiii 1itit/i~tI 

B. ivil iA PcittiN (I RSiti ,i 

aW( IIIch111;11N 
ll -' )IId I 

Ilt'~ih~ N.IC.IIIII 

I~ o uc " 1111Cd, I) t\C'10 IIL'li~ k (1, III~/a k.d ld 111/1 ()llll~iII I 



l uh cOldtMLu'dt lntut
.tuChIit '-I tl ,,:II % it0 AI C.,,OMi,(1111 IL-i~t~ilI)IIIIt)1(l I hc'A;tmi 
,
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Group III: Research on On-farm Control of
 
Aflatoxin Contamination
 

Pa rici pais 

Name Ils titttiont ('tirv 

K.J. M ik,t ('~~llal QI,))I'I,. st ll
 

R.'. .I,. a iRo ((ochairnian) IWR ISA I Ind.i 
NI. Arori ttithv (lel.'. ICol h IUKondon 

\'. Ianianla t R
lao IUR ISM\ India 
Nl..I.
IreirucII IlIS.l 'MIoiunahique 
.1 it1 ('SI R() Australia 

MI. \am uea R o I.R ISA I India 
I. \''ali\v I('ITIS.r I India
 
, g.oan I(IR IS.\ I 
 Itl(.ia 
I.. Biankenship I S)A-..),RSISA 
RI ('tle .SI)A-ARS iSA 
V.K. NMchan I'R ISA I India 
R..S. Si nI i I.\( ) Zambia 
K. K. Shesiha )eparttett Of Agictiltli Nepal 
R.I:. Pettit IX, ,\ .& 0 Ulli\ersit\ I ,SA 
M.Di. R'i a l)Depttmem t ol .\ cultttC Ilail/all a 
.I.II. \\'illiam , ICR I A I India 

I lie 'I ( t i I.O It . Iie-.dilll t..eonlrotI am 'ltt t- tjt oldI) 1) .ie ol l i ilna .lllilm 11 11ndtlt 
untder ii\\() Ifi i Itl ie d loprn tichI tdi ,,iI": t t oI pack,'!gcs ofI practic ,Itele\ait nt lot 
Smitall fhi use the S A I. ;ItId '.euelndl\ tile id uitilieattIOIt Of 1t1ip tt;Illt dCliCiCI1,lllerN'II 

.L,
CiCs illt l e st a Of2 tilte hl'(, that dh tiCt iiliIl" v lItit+l l OF flot 1 1.ifttlld ltm t is 

imiad. d h\ tile to.\igetlie lt1n2,,ith ,UhCtlICilt C tIia lit; lit v,ith ailIato.i05. 
Ihie gt lp telt that theme \\,. m;iti ons,,ieri, ! '''' ', Iaihh ' : . hh: 

as to hothesmalla l t "diithe SA cdI ,t\oid.1)1atileast gea.ttl Ieduce. titc risk 
Of their rIum ,.',Lt1ttt ;tlfit I it o.,iNs. pi tlx11x,1om.HId1tid,s be cdt.i 1 Ialt Iiheno!h t,,sideted 
I) he lack id a xa aews ,, n lii I f tilt.le ,I Titie Id lh r_ tho ( oI lto tlit.,o>llclldied 
Il;. C l l J 01[l t l i l t 'l in clt.+' ,. O ll)' l l \t.':c d tll i llgl d t i ' , t l t l t , l I fls ct.'s b ol h w ' +l lan d 

p ,illstitII\c t '.lin. and di in . to lilitics ha\u pl m ided excetllntialato.xiltic"ra! 


be ioiltmdlh others. lactors thal silud he 'tressed in ptepatin rtcoltutltltdcd 
1)tacticc:, include: !ie itlpolrtiice taIlte-N.tti1 ti gti u se pods on pl;tnts .11.It 
go itltl pef iliu lnt ',it x ihi file;1"1 2-3 %kcekso tte ciop tllallitatliol ail\e ".likely 
to cottain alitaoN ins: tile I oI,.Ofsiul insects itl plredi-spost pods and Seeds to itiasiot 
by the tioxienlic hlkti: the posi IN olf caicintil deticiKv in telation to fungal 
infection of pods: the itiportatie ot tiIely I ltilg otIie crop Itoreducc the proportions 
of overllia tillC and excessi \cly immnture pods in the harx ested prodnc: avoidance of 

.14
 



thIIIind na titt ,k(tId l 1in1 pcking, im d dI. In: nd tlhtI illit1 oI proiI d
illpdI I'.\, \ui ]-\ CiiII M d, O-llI.\ tiliiiL.tllIII i I iiO:::.'I(lhl\ 111% :-iCI l 11111C2tOXI-

I'l~itlh~l lII I l' hllll 1 11lCll ;ti fili 0! ('tit\i n.l11 l110 1, CtC.hI) lI, 

,IiiCuS'ttLI . li C li il' lttn iiCL it Ill h 'il li], Ilit ll.II t ,'N,llll tI t' ' lttilt Nut11 l Li,l dit ,l 

il Mttt'Illld i L tIheit II lI) l 1 ]itl h ICl1)1CI i11llCtI¢'.t I IIIL' I loll\ o \I lCl]l \,ili l IW l uck I il ll lII Ci iIltlllI Itlltt \\ C l I)'[ i It ftIIil CIII CIIIIC C\ ] I C J I/llIILT, tl ,l I l i i .leI 

[ )I f,1 il ;1~[1 1 " tt?It. ,i t)I 1l i i d i~ -(H)u' II\\ .,t ].I x ,cI f I.Iltl lh ( [1'*Il 1IIit ifl i if ( li, ), kiliq t it I 

11l(~ if t it l ~~ ~ ,+i hI~dlt~ t ]tt:/ l+.llII+1ill\ ,_it CCI ' C, Iddl ,, ltl 

(japt Il it ii'.! I tlift' i l kt l i t I !'t.1hii t ilid I. tai 4 m i, ii Il\iidc 

Of (li ittIl 1)0(k I I huk 111 1111 11 I I 1 tiil tiItII lliL tE l111\11 1,LA i NClNCll Ilt'NI 

t 1liii IcII l . iji Ii II) ./ IIr I / I I \t !Wlu l IC1\n 1 it I' k\i .o iId 1i thel i ',iltoeqI_' 
Ill M idi lldit't I\ I 11(M '101 1 t W Ili H ICl il ii m i 

I ll i',t Hh i IIItII' i Itlte it tI l i' lilh ', t Iiit tli i lltllitt l h li 11 il 

l ll l I ', l I./l oI !1\ I l ir t ll.i \ c'dlctl i~ t L lll It 10 ! 1) ',,t Olid IH I Ofi ilfl~ Illt cl i '\ 

,tildi e i ' I1 1t1 11 ICIittC!-I vo l o l ',It lI li t,, i] t<, ' it l Iotl\ il I 1i\\ 1t1 t0ii1111b ; 
11!11 1'', 0 1i]l 1:it lItl ,i ld W Cdi I M \cctu i . l ',l~ ,7 cl,, 11i~ ' Mlii\ I l it 11 il. /l 

l IN.tC. \,\dsoillmt oil oiai a inul ~ ellieN't'ii l iiiit t i un ii ri ''ull IlC t l ltl C'll 

rI L,,fi~ ]ll (I ,i ;I c' tI~u~ i c \llliI hIi ' II I I ~L x i i l t'c ll - 1 111 i Ii! i x i IIIttII II

idedii o/p 

c i ,i Ii c iIk t i c<i i -, IL i i]it i iii i! Ic ti i L-II if ild lilt\ c'tkiill d ;il I ll g 

11i I I i IIIII )I Pt a oltlt I I 2 ;I Citi Ip ' Ilo he. 

l 11 f)II"' l! tIh Add], (11ctJ tll" \ k! hlk' 

l,U l l] t ,,I Ihe ! t lll !' t ' \dCit ~L' )l l l IIHNii lllt lli 

IIl cc I , I lt illP. , 11~ O lil ' ,'e l'u l it !t~l' ',W I!co ulhd 

11%h [ i' 1 1 I ii 111 itl l lI1t.' 0 tII Ob ] 

ill sutcced IH I 1 it )1 ',. C 11t'I L' I['lnlic i(IIll o f ilil 11 IIc CilItMc' ll ,l ()flill I', 1 I lh 1 tilt I 
.I. Ili )"i. it l 

S li "', Ill I c',"ii t itlidC ll I.'!T11I)C C'iIII\;ir,, "I, ld t he' c'arrcdt otl to ec'\ illiic j<o ihlC 
infection alil cotlh ili/.i1:olli of! po~ktJ,, ;lit CCu' . ( 'h11inic'ilIi*C'x,,kMl~c ill fle 'J C 1tid be. 

oi! I i :. ll I 'T It oI M l o lli b\ 1. 11l t o{ m id .1 . pa l,['#] wI. IurtIhelr 

Lh]!\,W 

PrCICfcribl it, 11:1\ IP,_' (t i i IC'1Iitlil'C" ill th ' ,C'Cd Ill C'il"L jrtIWC'ti\ ' c c l hia\c' Ilit 

:illtilliltrit lllill oft i I ,Wc iCt1'i', M\i'ICH iMt'<L"CLI h_\ ]iIIIII iNIP, Ml it ',t ' I liltr' \iC 

m i'c"l Inll 'IL, l1 1)h}.tI Mt~dic'1 Y-t'l tIII' W, Ill[o ilC'\InI fi) lt lh lil I ',c'ud , ;111(1 Ii to ild I-C 
Uiscltlil i Idnt h,' hw d Ill M\ i~ uc d i C lillcl 1h1Ccip I o'l j)Ir d,IuC'uitL collIlI 

,rl l\11ic, J !,: l I lic.', it Ic' il l Ill L.. 

I )C'IInII I ill I I t it l.lt i , Il h eill(lli cC'll~l if sill , Il it<l lt c I I ifll!!';t I IIl\ i t )1ll 1) p 4)d ', 

a filtl See d 1 !- (:i' il ' lit- t+ C.Lc'Ii v, o l I i,, tl~ L I ,,I I h c , ) II ilt iI tI I lc'lI i I It' ' III I ,. l, 
,o f l c l chii i ,If l I I 'lit I [i l'c' o~ilt]L h'.' illid 11,iell Ii - \ u I 1 , 1;1 Ii'c"'u r ,t~ 

',C r1'C IIlIII!_ IuC1,1 ]Iittlc, 1111)111%,,d. i ' 11,, 1S 1ii 1Il i t )It i il hlitII h 11111lbe. R t'(t / h11Ce'til 

ltCHi'111CLI Ci 
It I' ICII h1t,1 ;1 1_'Oid ! ',itI C\ Id th1Ce' ) c'IC0 0 I it) \ I,OC'it' ;Iild( liolll I gl~iIc'I if I'l ' l 

st a.in ,lsof . /ill w#,iilkl 1. l,,4r01W I/, 1 \\ Mild bC 0I \,lAiC. I Ill', \,0111d IC(It.ilC IrC'iSC 
idclntilicilth m ( Ii~lt , 'IL- flid C':tlCI [tf ;i l 1 1 (dltilCHi lL~itiol)" Ill file' "odit "PL N. tll 110 
InIiV.ol]ll ic'. 

Ilhc need't I l iliftillim-, III I( ',4liilc ",'cccilililuilicih ll, m t]i I 'liI g uItcs Io1 haindling7 
,.Sodl i11\Clll al atnl ]\ <i,,. t;c'. %\i;t'e.xp~ic',,,Ct inform al!lti till wc't'ilil metu hods cutld 

bc Iinclul(IL'd ill ilh, I)Yrtll ,C'd hIllor11il.titln bullictlhi. 
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Group IV: Research on Control of Aflatoxin Contamination 
with Reference to Storage, Transit, P~rocessing, etc. 

I'lrticip-aws 

.I.A Wiiti ioii C ch111fal I('RIS I IWl(OC
 

RN. Rlm 
 lN IN ,\iiii
 

U11.. G\\'ptiilnIc I~IrcSnA (f itrIci
- r Sr an a 

X Ii'(iiNC111 lis cii\ iib iiso ifil\l H'lc' iliillil i tfl I ndonepsli a~~s 

Iici . i1wpIBA ic "tircu n D r c toat c of'i Ariu ltn.urfs to. Lcankat 

a\'iT .Apimnid it/kipcsiitlp'a (cWii icgNi culffSiofcf(i cill (i 

lIll :IC is llif IfcliiilofII i fll xitI f ljs llilifia lt'l d il't fo ilijiesd111 lliS LflCCI1)O 

mostf 5 iii lolililltlillIl liailitaCiiol'll il l iltirl tIW C l ll llan jLO lllL111 
grott dilijfmc lolWili 'i iiSO liiC ijtS iiiCIi'dl dtlt'lt' l d 1llsII\ 1iik-eIrodC1~ SC 

ti hc piccsscd. lllta hj~ i'sic2l lsw l~ll a1ilithinilI111 '11cdla-inatoio 

C0 1111llst1 111 rq.C c ot . iil d ! mlld l~lsl r s lli36lso 



Yhere %%asdiscussioti onl the *ficicrrc \ (1fS;:nrpI i n of' orundflurt" and gi-onnidlnot 
Products anrd w\ork at ()C ,a )C\Clopnwrrct .1atrrai Rc- om-ccs Institute (O)N RI) 
to yetiC the I roruflrinftirorr Institurte ( I PI) !)iln \'.as dICSA bud& 1Ihi, 1in\0l\1 
conliputcv sirrirrftiorr and rtc!ilr on appropiaic rlratheirnrtrtal rrodck to r))rrstzirte 
t11Wdritritiorr 0f aflato\1rr Ill .ilill)IC10t. 1 neuIWdto i( ilhIt', Slan[(idrilCd 
inctirods (1f aifatomrri :rnaf\l to, I-.a sli [tstd. 

I Ill tiop stloirgl\ -. Iilil.-d OI l 10Y~tffill1CI.lC'.Call into dCtOl.itiCatI~oruf 

r~dtctulh\ C1%ll a \I'I)ihic rrri!d-dartrarwu)~ ill di-.CoIOIrud 1LIt.IIo1'CrtIrCtilia\ 
bc atproIfrIlrr-oricclrnip tilt tdi~poi-a Iluth l iTI XC(IS.rtut StICII luiCutS arC ;ikCI V to0 

ht cnhiid (.\ tiNki i t 1uOlt,111 Ilrr roIIVilh Ir 
tucdsk. Ifli coulKI-, )d forllwli %mnflploiha halr risnra 

I iol int'ILI ni10l -cl fod "Or atInmal 
oil, hot thI(- oil h \ 'Chigcr t 

i)I flit' lart acid". ~il ', llohaif\ also) IC tflrilo.Nfluial iatrultrrct fllt 
I-CIIliil if1,Illat0\III'1. 1)Cl~iiiftirIl 0: rLI 11ulrlt lll(t MrCAiluilQV- distrISsud ill 
dejtlr.11 \kitlr rtfrur to tllitr-.uut arrrrrrorria. It WoIN full t[hill filrlruSllcuriri1. 
 Ow- Stcrruc 
Wa~s rutjniru12t O Cfrt'itII tll(- psibf ticoiliil2 of d- ioi\if cif t rridlf nut ItIrirrr 1)111 
\vas stiggestad tIhat grouridlinrt Jprcidu~tciiIild hcdlutiisifiud ar port, (Idisulnirrelc. then'
heiing lcgal pro\ isiorrs Iii ko~I:Ir'uVIrrsrrclrril-lid r) :i illrr oriiCiIt irrrrpoIti:r 11 .. 

[He rimui l a liirr liro[Ii Wtli!i lut hrardlillre 0f1i rr is s ialor ilrrruftr 
proceduIi rc id I rir penttram ~);rrtmada rI t rnu I\ t i 11 ii rhd i tion ii! jirorIcc, 

aanpirndl rfaturlOXIrriaI durIoxiICatui 111OLtYS, \\a., a'ruCtf It wadSand I ) 
SllC.StCtl that l(RIS'A\ OIild inlformIl iratiOral pni0Lr"rallis arrd i11"t it[t ions of corlrses 
available kkolfdwidc onl \aaiols o thu IfroNx ill pr oblrrIi.and pi (1 itft, oig Il/()Iur 
ers of Such colcs \ ith CiirtaLtS ill cli(21t COIIin t o l LIgngeSt ira m1Cs, 0f po0tential 

inlallatOXirr arrrak MSi.I lruMin ;bjCuti\(t' CIitlrs[111'~r, is to train poiiltltiaf trainr',r 
MlIrir i rtiril iripanitm in theuir iimi it currrrics. I(R ISA I 's proposail tuotrmairrir 


171irdireC alrinformnationl hjIrlifeu orr :rfnrrowir ill grorrndfrnt rin irrirp-ti-datc infor-nan
fil) Oil COMItro)FpiiuILIriS \a stia, l .uppriltedl. Illrrilrsr :aarcirss of the 
imolOtarrue Of* afiatOl.i CoUlrr]Cle to inrereascol demand for. gerlCial alr6 Specialist 
tr-ainrinug. 1tCCC55i'tarti111e CffCeti,,.Coerllaboratiorn ;rnrrong initernationral arnd reg'ional 
olrganizations corncernict. with the problemn to mieet stich a decmand. 
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Recommendations 

lie Worukshonp Idlenltifid \ iiOlli aJ*LIS Of 'MIiCCHI ;ubuui 11tXIiI COIntillllllituull 01' 
121IOtlnlt ;illd~ llit(Id WCeuuliltilIuiliolnt Ohit ilt, Lu'MCIC( ill deLtail inth) (1IOuIjj1 

)'Siouj1S. uu\ trailD:I HIe 11 lulhl~llehIltl;ltlI oftile \Vuulksihup are as 1Iuilto\%. 

Informilat ion anid Training 

to illrels u01tlII19i 1uII ~iciksI top cmtpIia~s I/ c It It-iiet' HI' Iu I I Crencs 0 0aee.;11i Ithu.\i 

nat ional u\c littiotie itt tll(:it-i1 nut illi Id(li't i tue pjtic ute. ;Ild tilt lili!lik I lie 
eorlsllmnetlc. ;1"twitt heC el. C1d 11ueiA(t). \VIlI( I IJ( eCIL' it ill this 

ICespeet ittd etutli coMer Ill( piohlIci of 111iltit\ilsl ill Ai! coilouiitie. Nationual 
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Strategies 

I he Conce rned grups, "WC Hl, L'IA0. il ('otle. /\iillteiciilIls'should Coninute 
to wuuk lu\ards atstandidl ierlaiuuau iiiii tinal~lun 01eL'llilory\C ofeiililto.\il 
ltil l tIl(ltd lls, iti ,I21otluittlt I1,tiniC [uulo t lIltMl Midi aliilll~i l tsiipu u At tile 
niatiutnal InctI CoutritesM loleeuItiittiiled I(' se'l 111) ItterdiseiI1iiii:lr\ w rkinL! groups 
to eooriiiate tihe e\ uiItithjuIn of the at1lotu'it plohubi ill titeir eutlilthI uetthilt a 
lespuulls"fii lllt ut12~lill/ 1MItuuhiiulill 0Ii 111iatlt1 textsSC I l tild ted ;liitu ICLILIS 

inlitliate aid eutuutulae reseait \%t it a iew to leuliteidti .1"ancsorllitrol 
at a, jevei. PI-1ililtr ullttioll \\ais dileeteu ol Ihat(ifi1'1]sIlllig coutrol IlitilsilCs I'm 
ieuhtietiuui of atitlto.ilt Iends Ill grounld nuts destined Vun expiort shuldi~ not further 
exacerbakte problem in1ground 11its I'or loal Coilstllnp tiOll. 
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Research Needs 

Iescaid. needs should he clearly dclied in the light of each country's problems and 
capabilities, and work should be carried out using the moSt app)ropriatC tCchno)!ogies 
and by the most relevant oTrgani/ations. [raining of staff in new techniques will be 
requi red in many cotitrics if rapid progress i to he made. Ihe need for cooperation in 
training and research, both nationally and internationally, was recognized. 
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