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cheru, A.P. 502 324, India: ICRISAT. 
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A General Overview of the Problem
 
of Aflatoxin Contamination of Groundnut
 

L.D. Swindale 

The cultivated groundnut (ArachishypogaeaL.) is the most 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 of the United Nations (FAO) in 1985 nearly 19 million 
hectares were sown to groundnut worldwide, and 21 million tonnes of dried pods were har
vested, a little better than one tonne per hectare. About 80% of the world production is from 
developing countries, and approximately 67% from the semi-arid tropics which is ICRISAT's 
mandate area. We have been charged by the Consultative Group on International Agricultural 
Research (CGIAR) to carry out research on groundnut, particularly aimed at small farmers, 
since small farmers in the semi-arid tropics are indeed the major producers of the crop. Research 
on groundnuts started in ICRISAT in 1976, and specific mention was made in the report that led 
to this program's initiation that it would be necessary to tackle the problem of aflatoxin 
contamination. 

The problem was first recognized following outbreaks of Turkey X' disease in the United 
Kingdom in 1960. The common factor in the outbreaks was that the turkeys' diets contained 
groundnut meal from Brazil. Research in the United Kingdom revealed that the disease was 
caused by toxins produced by strains of the fungus Aspergillusflavuswhen growing on the meal, 
and hence these toxins were named aflatoxins. 

The Tropical Products Institute, London, now pa, of the Overseas Development Natural 
Resources Institute (ODNRI), and the Central Veteri -y Laboratory, Weybridge, UK, played 
leading parts in the extraction, purification, and identi1 ication of the toxins, and in the develop
ment of biological and physicochemical methods for identifying and quantifying toxins in 
groundnut and other commodities. This laid the foundation for rapidly expanding research 
worldwide to determine which commodities in addition to groundnut could be contaminated 
with aflatoxins, and which species of livestock in addition to poultry were subject to aflatoxico
sis. Several important oilseeds, cereals, legumes, and spice crops were found to be naturally 
contaminated with aflatoxins, and a wide range of livestock were affected to a greater or lesser 
extent. Of the other four ICRISAT mandate crops only sorghum is likely to become contamin
ated with aflatoxins, and of the cereal crops the most important contamination by far occurs in 
maize. Maize and groundnuts are common items in the diet of many people in the tropics and are 
common ingredients in livestock feeds in developed countries. The most common of the 
aflatoxins, aflatoxin B1, is also the most toxic. 

As evidence accumulated on the actual and potential importance of aflatoxicosis in relation to 
farm animals, there was increasing concern expressed as to the possible hazard to human health. 
This concern was greatly intensified when it was shown that rats fed on aflatoxin-contaminated 
groundnut meal developed liver cancer. Over the past 25 years much data have been obtained on 
the occurrence of aflatoxins in the diet in particular regions of the world in relation to the 
incidence of liver cancer in those regions, and there are strong indications that the two are 
related. 

The possible presence of such acutely toxic and carcinogenic substances in foods and in 
animal feeds has had a profound effect on the utilization of, and trade in groundnuts and 
groundnut products. Processors and importing countries have placed limits on the levels of 
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aflatoxins permissible in groundnuts and groundnut products. In a paper at the recent FAO/WHO/ UNEP International Conference Mycotoxins,on van Egmond stated that somecountries have enforced or proposed aflatoxin regulations for foodstuffs. The maximum limits
50 

range from zero detectable to 50 pg kg-1. There has been a tendency for regulations to becomeincreasingly stringent as methods of detection have improved. It would naturally be preferredthat no aflatoxins are present, but this has not proved to be practicable. It isnot only groundnutsfor direct human consumption that are subject to restriction. When mammals ingest aflatoxinB1 , the toxin can be passed through to the milk where it occurs in a slightly changed form calledaflatoxin Mi. In August 1981 the Ministry of Agriculture in the United Kingdom banned thefeeding of groundnut products to dairy cows because of the possible hazard to the health ofmilk-drinkers. The milk toxin is thought to be particularly important as young animals, andpresumably children also, are more susceptible to aflatoxicosis and the carcinogenic effects of 
aflatoxins than are adults. 

The human and livestock health hazards from ingestion of aflatoxin-contaminated food aremuch greater in the developing than in tile developed world. Most developing countries liewithin the tropics where temperatures and relative humidities often favor mold growth on theseproducts. Also, conditions for storage often leave much to be desired. In many countries thereare only limited or no facilities for monitoring groundnuts and groundnut products for thiscontamination. There are also possible synergistic interactions between aflatoxin and infectioushepatitis virus Band there is evidence that the effects of ingestion of aflatoxin are much moresevere in the case of children suffering from severe protein malnutrition, an unfortunatelycommon condition in some countries where aflatoxins occur. Where groundnut is acash exportcrop there has been a tendency to concentrate efforts on ensuring the acceptability of thecommoditiy to the importing country, while little attention has been paid to aflatoxin levels inproduce for local consumption. It is,of course, appreciated that loss of export income can be ofgreat importance, and it is also appreciated that it is difficult for some groundnut-producing

countries to meet the stringent regulations cui 
 rently imposed by importing countries. Nevertheless, local problems are important. What can be done to eliminate or reduce aflatoxin contamination of groundnuts and groundnut products'? There is at present no single practice that can
prevent aflatoxin contamination of the commodity. Of course, if we could breed varieties of
groundnut upon which the toxigenic A. flavus could not grow, or on which it could grow but
could not produce toxins, then the problem would be solved. Unfortunately we have not done
 
that.
 

What can be done at the farm level is to grow varieties that have the highest available
resistance to pod and seed invasion by A. flavusandalso follow cultural practices that minimizedamage to pods. Late-season drought stress should be avoided, and the crop should be harvested as soon as the majority of pods are mature. Postharvest drying should be rapid but not so fast asto lead to seed damage, and storage should be under clean, dry, pest-free conditions. Produceshould be monitored for aflatoxin contamination as it leaves the farm or on arrival at buyingstations or processing plants, and lots with aflatoxin levels above those permissible should bediverted to nonfood use, or be subjected to some detoxification process before use as food orlivestock feed. Refined oil from groundnuts processed in modern solvent-extraction plantsshould be free from aflatoxin, but oil produced in more primitive, village-level crushing plantsmay contain significant levels and require additional treatment to render it safe for humanconsumption. Even when the groundnut product reaches the consumer, the risk of aflatoxincontamination is not over. Spores of A. flavus are common in the air and in water in tropical andwarm temperate regions so exposed food may be colonized and aflatoxins produced if environ

mental conditions and the constitution of the food are suitable. 
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It is evident that efforts to prevent aflatoxin contamination of groundnuts must start during 
crop growth and continue until the product is consumed. While many of the practices recom
mended for prevention of contamination are simple and easy to apply, they have to be adapted
to particular agroecological conditions and some may not be feasible in less-developed countries 
where facilities may be minimal or nonexistent. Many different groups have to be involved and 
must work together to tackle the problem. 

This Workshop has brought together agricultural research and extension workers from 26 
developing and developed countries, and from various international and regional institutions. 
Invited representatives from marketing and processing units and government trade interests,
and medical and veterinary representatives have attended to provide a comprehensive coverage
of the problem. The major objectives of the Workshop are to make an up-to-date evaluation of 
the problem, and to assess recent and ongoing research, with a view to providing the best 
possible advice to all concerned with the production of grotndnuts on how to reduce, if not 
eliminate, contamination with aflatoxins. 

ICR ISAT's own approach to aflatoxin research concentrates on developing groundnuts that 
do not tolerate invasion by A. flavus, or that prohibit the d-velopment of the toxin. Related 
studies deal with developing in vitro methods to detect seed resistance, detecting the toxins 
themselves, and studying the environmental factors affecting resistance. This may seem to be a 
somewhat limited approach to t:_2 problem but ICRISAT is an international agricultural
research and training institute that conducts most of its groundnut research in three host 
countries: India, Niger, and Malawi. It works, moreover, for the small farmers of all regions of 
the tropics where groundnut is grown. It is not appropriate for ICRISAT to undertake extensive 
research on postharvest aflatoxin problems since that is the clear responsibility of national 
scientific establishments, and it would not be appropriate for ICR ISAT to undertake work that 
would reflect upon their ability to deal with such problems. It is, however, necessary to 
remember that the target group of small farmers does not, for the most part, have either the 
education, the information, or the means to control aflatoxin levels by sophisticated manage
ment practices. We do what it is best for us to do and we believe that our research on A. i7avus 
and its toxins will enable small farmers of the tropics to obtain more profitable returns from 
groundnut production. Our work, however, is but a small contribution to a large problem.

It is hoped that the Workshop and the Proceedings from it will assist in presenting progress
made on all fronts in dealing with the serious problem of aflatoxin contamination ofgroundnuts
and will show how the various research achievements contribute to a greater whole. 

It is also hoped that by widely distributing both the Summary and full Proceedings of this
Workshop, we can bring the problem to the attention of relevant government authorities and 
policy makers so that they can take appropriate action to minimize the health risks to both 
humans and livestock from consuming contaminated groundnuts and groundnut products, and 
also to improve the quality of traded groundnuts, and thus increase export earnings. 
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Synthe'se du probleme de la contamination 
de l'arachide par les aflatoxines 

L.D. Swindale 

L'arachide cultiv~e (Arachis hypogaea L.) est la culture olkagineuse la plus importante du
monde en voie de d~veloppement, et une source pr&cieuse de prot~ines pour la nutrition humaine 
et animale. Scion l'Organisation des Nations Unies pour l'alimentation et l'agriculture (FAO),
l'arachide occupait, en 1985, presque 19 millions d'hectares dans le monde entier, donnant une
rbcolte de 21 millions de tonnes de gousses sches, soit un peu plus de I t ha '. A peu pros 80%de
la production mondiale provient des pays en d~veloppement, dont 67% des tropiques semi
arides, la zone d'activit&de I'ICRISAT. Le Groupe consultatifsur la recherche agricole interna
tionale (CGIAR) nous a charges d'effectuer des recherches sur l'arachide, portant particulibre
ment sur les petits paysans, ceux-ci &tant les principaux producteurs des arachides dans les
tropiques semi-arides. Les recherches sur l'arachide ont d~but i l'ICRISAT en 1976 et il a &t&
soulign&dans le rapport menant i l'initiation de ce programme qu'il serait nbcessaire d'aborder 
le problkme de la contamination par aflatoxines. 

Le problbme a&tsoulev pour la premibre fois au Royaume-Uni en 1960 lors de l'apparition
de la maladie "X"des dindes. Le facteur commun dans les manifestions de cette maladie 6tait que
la nourriture donn~e aux dindes contenait de la farine d'arachide provenant du Br~sil. Des
recherches r~alis~es au Royaume-Uni ont montr&que la maladie ktait provoqu 'e par des toxines
produites par des souches du champignon Aspergillus Ilavus pr sentes dans la farine, d'o i le 
nom aflatoxine, qui leur ,,&t,donn&par la suite. 

Le Tropical Products Institute at Londres, int~gr& maintenant i l'Overseas Development
Natural Resources Institute (ODNRI), et le Central Veterinary Laboratory, Weybridge,

Royaume-Uni, ontjou&un r6le predominant dans l'extraction, la purification et la d~termina
tion des toxines, ainsi que dans la mise au point de mthodes biologiques et physio,'himiques

d'identification et de quantification des toxines prbsentes dans l'arachide et dans d'autres

matibres premibres. Les fondements ainsi tablis ont permis aux recherches en 
train de se

d~velopper rapidement partout dans le monde de determiner queles matibres premibres, outre

l'arachde, risquaient d'etre contamines par les aflatoxines et quelles espbces de b~tail, en plus de

la volaille, &taient sujettes i l'aflatoxicose. Plusieurs olbagineux, c&rbales, lkgumes et &pices

importants s'avraient tre naturellement contamin~s par les aflatoxines et une large gamme de

bbtail en tait affect~e Aun degr plus ou moins important. Parmi les quat'e autre cultures
int~ressant l'ICRISAT, seul le sorgho est susceptible d'tre contamin& par les aflatoxines, et
parmi les autres cultures c~r~ali~res, la contamination la plus importante existe surtout chez le 
ma's. Le mais et I'arachide font fr~quemment partie du regime alimentaire de beaucoup de gens
dans les zones tropicales et sont souvent utilis~s dans la preparation d'aliments pour b~tail dans
les pays industrialisbs. L'aflatoxine la plus rencontr~e, l'aflatoxine B, est &galement la plus 
toxique.

Au fur et Amesure que l'vidence d'une impoctance r~elle ou potentielle de l'aflatoxicose chez
les animaux d'Olevage s'accroissait, une inquietude croissante s'est installe quant au danger 
pour la sant&humaine. Cette inquietude s'est intensifi~e de faqon importante dis lors qu'on a
d~montr&que les rats nourris avec des arachides contamin~es par les aflatoxines contractaient
des cancers du foie. Depuis 25 ans, de nombreuses donnes ont 6t6 collectes concernant la 
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presence d'aflatox,ines dans les r gimes alimentaires de certaines regions du monde et l'incidence 
des cancers du foie dans ces r~gions; selon ces donnbes, il y a de fortes pr~somptions pour que les 
deux soient likes. 

La presence ventuelle de produits tellement toxiques et cancbrignes dans les aliments 
destinbs Lila consommation humaine ou animale a eu des effets considirables sur l'utilisation des 
arachides et des produits a base d'arachides, ainsi que sur le rnarch de cette matibre premiere.
Les industries de transformation et les pays importateurs ont impos&des limite, sur la teneur 
admissible des aiachides et des produits Libase d'arachides en aflatoxines. Dans une communi
cation prtsentc i la r&cente Conference liternationale FAO/WHO/UNEP sur les Mycotox
ines, van Egmond a fait remarquer qu'une cinquantaine de pays ont appliqu&ou ont propos&des 
rbglements relatifs Lula teneur en aflatoxines des aliments. Les !imites supbrieures varient entre 
un taux de z&ro dtectable et 50 Mg kg-'. Au fur et Limesure que les m6thodes de dtection sont 
ameliorees, ces rzglements ont tendance Lidevenir de plus en plus sbvbres. La situation la 
meilleure serait, vidernment, une absence totaE d'aflatoxines, mais ceci s'est avr&irrbalisable. 
Les restrictions ne s'appliquent pas seulement aux arachidcs destinbcs directement L la consom
mation humaine. L'aflatoxin2 B,, ing&re par les mammil'eres, peut passer dans le lait de 
I'animal, o1 elle se trouve sous uine autre forme Iggrenient rnodifi~e, appel!e aflatoxine M1. Au 
mois d'aofit 1981, le Ministbre de I'Agriculture au Rovaunic-Uni a interdit I'affourragement des 
vches laitibres avec des produits i base d'arachides ii cause du danger qui existait pour les 
:onsommateurs de lai. l.a toxine du lair est consid&rbe comme particulibrement importante
pu.sqt', les jeunes animaux, et vraiseniblablement les enfants aussi, sont plus susceptibles A 
I'aflatoxicose et aux eifets cancirigbnes des aflatoxines que les adultes. 

Le danger que reprsente l'ingestion d'aliments contamins par les aflatoxines pour la sant&de 
l'homme et du bMtail est bien plus important dans les pays en voic de d~veloppement que dans les 
pays industrialiss, La plupart des pays en dveloppement se trouvent dans les zones tropicales
o6i les tempuratures et leS taux d'hygrom~trie favorisent souvent le dbveloppement de moisis
sures sur ces produits. l)e plus, les conditions de stockages laissent souvent beauccup A.desirer. 
Dans de nombreux pays les moyens de dtection de la contamination des arachides ou des 
produits iabase d'arachides soot souvent limit~s ou absents. I1existe aussi d'6ventuels effets 
synergiques entre les aflatoxines et le virus de l'hbpatite B et il y a des preuves que les effets de 
I'ingestion des aflatoxines sont plus sv res dans le cas d'enfants souffrant d'une dficience 
alimentaire en prot~ines, situation rencontrbe malheureusement trbs souvent dans les pays o6i les 
aflatoxines sont prbsentes. Les pays o6i I'arachide est Line culture de rente destin~c Ll'exportation 
ont tendance its'appliquer Lirendre acceptable leur matire premire aux pays importateurs,
Landis qu'ils ne s'occupent gubre des taux d'aflatoxines pr sentes dans les produits destinbs Ala 
consommation dnmestique. Bien stir, on peut comprendre qu'une perte des revenus provenant
des produits exportis puisse tre d'importance majeure et que certains pays producteurs
d'arachide peuvent difficilement rbpondre aux rbglements impos~s actuellement par les pays
importateurs. N~anmoins, les problnes locaux sont importants. Que faire pour 6liminer ou 
rduire Ia contamination des arachides ou des produits i base d'arachide par les aflatoxines? I1 
n'existe, pour le moment, aucune mesure unique qui puisse &viter la contamination de cette 
matibre premiere par les aflatoxines. Bien str, s'il &tait possible de s~lectionner des varitbs 
d'arachide sur lesquelles I'A. Ilavus toxinogne 6tait incapable de s'&tablir, ou au moins sur 
lesquelles, Lne fois tabli, il -.tait incapable de produire les toxines, le problbme serait r~solu. 
Malheureusement, nous n'en sommcs pas encore li. 

Ce qui peut tre fait au niveau de la ferme est de cul~iver des varits "r~sentant la resistance la 
plus forte possible des gousses et des graines contre I ir. asion par A. fi vus, mettant en oeuvre en 
mme temps des pratiques culturales qui minimist t les degAts subis par les gousses. Le stress 
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hydrique en fin de saison doit tre 6vit&, et la rbcolte doit ktre commenc~e dbs que la plupart des 
gousses sont mfires. Le sbchage post-rcolte doit tre rapide, mais pas trop afin de ne pas abimer 
les graines, et le lieu de stockage doit tre propre, sec et sans ravageurs. La production doit tre 
contr6l6e au moment de quitter la ferme ou i l'arrivbe aux points d'achat ou aux usines afin de 
d6tecter toute contamination par aflatoxines; les lots prbsentant des taux d'aflatoxines sup&
rieurs aux niveaux admissibles doivent tre dirigbs vers les filibres non alimentaires, ou doivent 
subir un proc&d6 de dctoxification avant d'tre utilis~s dans la preparation d'aliments destin~s 
la consommation humaine ou animale. L'huile d'arachide raffin e provenant d'usines modernes 
pratiquant l'extraction itl'aide de solvants sera normalement totalement d~pourvue d'aflatox
ines, mais l'huile produite dans les unites d'extraction villageoises plus rudimentaires peut avoir 
des teneurs en aflatoxines importantes, nbcessitant un traitement suppl mentaire afin de la 
rendre acceptable i la consommation humaine. Mme au moment oo le produit arrive chez le 
consommateur, le risque de contamination par les aflatoxines n'est pas termin&. Les spores d'A. 
flavus existant en grand nombre dans l'air et dans I'eau dans les r6gions i climat tropical ou 
chaud et temper&, les aliments non protgis peuvent &trecolonisbs avec production d'aflatoxines, 
si les conditions du milieu et la composition des aliments sont favorables. 

IIest evident que les efforts visant 't6viter la contamination des arachides par les aflatoxines 
doivent dbmarrer pendant la p~riode de croissance des cultures et doivent continuer jusqu'au
moment o6i les produits sont consomms. Bien que beaucoup des pratiques recommand6es pour
6viter la contamination soient simples ,mettre en oeuvre, ilfaut les adapter aux conditions 
agro-climatiques et certaines d'entre elles pourront s'avbrer irrbalisables dans les pays moins 
d~veloppbs o6 les moyens de travail sont rMduits ou inexistants. De nombreux groupes difffrents 
sont appelis Aintervenir et doivent travailler ensemble afin de rbsoure le problme.

Cet Atelier a rassembl& les chercheurs et les agents de vulgarisation agricoles de 26 pays en 
voie de d~veloppement et industrialisLs, ainsi que ceux appartenant Adivers organismes interna
tionaux et r~gionaux. Des invites repr~sentant des socibt~s de commercialisation ou de trans
formation et des organismes de commercialisation gouvernementaux, ainsi que des represent
ants des milieux m~dicaux ou vterinaires y ont participe afin de traiter tous les aspects de ce 
problme. L'Atelier avait pour objectifs principaux de faire une mise au point du problkme et 
d'&valuer les recherches rbcentes ou en couis, en vue de fournir les meilleurs conseils possibles a 
tous ceux qui sont concernes par la production des arachides dans le but de r~duire, voire 
6liminer la contamination par aflatoxines. 

Les travaux rbaliss par I'ICRISAT portent sur le d~veloppement de varits d'arachide qui ne
 
permettent pas l'invasion par A. lavus, ou qui emp~chent le dbveloppement de la toxine. Des
 
recherches parallbles portent 
sur la mise au point de mthodes in vitro pour determiner la 
resistance des graines, sur la detection des toxines elles-m~mes et sur l'tude des facteurs du 
milieu ayant un effet sur la resistance. Cette faqon d'aborder le problbme pourrait apparaftre
quelque peu limit~e mais I'ICRISAT est un institut international de recherche agricole et de 
formation qui r6alise la plupart de ses travaux de recherches dans trois pays h6tes : 'lnde, le 
Niger et le Malawi. D'ailleurs, il travaille pour le compte de tous les petits cultivateurs de toutes 
les regions tropicale o6i I'on cultive I'arachide. I1ne serait pas souhaitable que I'ICRISAT 
entreprenne des recherches importantes sur les probIlmes post-rbcolte poses par les aflatoxines, 
puisque ce travail est videmment de la responsabilit6 des tablissements scientifiques nationaux
et ilne serait pas souhaitable que I'ICRISAT entreprenne un travail qui puisse remettre en cause 
leur aptitude A traiter un tel problbme. D'ailleurs, il faut rappeler que le groupe de petits
cultivateurs vis6 n'a, pour la plupart, ni l'&ducation, ni I'information, ni les moyens ncessaires 
au contr6le des niveaux d'aflatoxines, ce qui exige des pratiques de gestion sophistiques. Nous 
faisons ce qui est pour nous le mieux Afaire et nous pensons que nos recherches sur A. flavuset 
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ses toxines permettront aux petits cultivateurs des r6gions tropicales de s'assurer des revenus 
bien plus rentables Apartir de leurs productions d'arachides. NManmoin, notre travail n'est 
qu'une petite contribution h la solution d'un grand probl~me. 

Nous esp6rons que cet Atelier, ainsi que les Comptes rendus qui en seront faits, permettront 
d'avancer sur tous les fronts de la bataille contre ce grave problme qu'est la contamination des 
arachides par les aflatoxines et qu'ils montreront comment les diverses r6alisations de la 
recherche contribuent Aun ensemble plus important. 

On espbre &galementqu'une large diffusion des r .sum~s et des Comptes rendus complets de 
cet Atelier nous permettra de porter ce problme Al'attention des autorit6s gouvernementales 
concern6es et de ceux qui d6cident la politique Asuivre, afin qu'ils puissent agir de faqon A 
minimiser le danger que repr~sente la consommation d'arachides ou de produits base d'ara
chides contamin6s pour la sant6 humaine ou animale, permettant 6galement l'am6lioration de la 
qualit& des arachides commercialis6es et, par consequent, une augmentation des revenus i 
'exportation. 
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Una revisi6n general del problema

de la contaminaci6n con aflatoxinas en el cacahuate
 

L.D. Swindale 

El cacahuate (ArachishypogacaL.) es la oleaginosa m~is importante de los paises en desarrollo,
y una fuente valiosa de proteinas para la nutrici6n humana y animal. Segfin la Organizaci6n delas Naciones Unidas para la Agricultura y de la Alimentaci6n (FAO), en el afio de 1985 secultivaron casi 19 millones de hectdreas con cacahuate en todo el mundo, y se cosecharon 21millones de toneladas de vainas secas. o sea un poco mAs de una tonelada por hectArea.Alrededor del 80% de la producci6n mundial procede de los paises en desarrollo, y aproximadamente 67% de los tr6picos semiAridos, que correspondan al Area donde trabaja el ICRISAT.Nos ha encomendado cl Grupo Consultivo sobre Investigaciones Agricolas Internacionales
(CGIAR) efectuar investigaciones sobre el cacahuate especialmente enfocadas hacia los productores en pequefios predios, dado que dentro de los tr6picos semiAridos &stosson realmente losprincipales productores del cultivo. Las investigaciones sobre cacahuate se iniciaron en elICRISAT en 1976, yse hizo menci6n especifica en el informe que precedi6 a la iniciaci6n de este programa, que seria necesario enfrentarse al problema de la contaminaci6n con aflatoxinas.El problerna fue identificado por primera vz, dcspubs de ocurrir los brotes iniciales de la
enfermedad "X"de los pavos en el Reino Unido, en el aho de 1960. El factor comin observado en dichos brotes estribaba en que la dicta de los pavos afectados contenia torta de cacahuateprocedente de Brasil. Las investigaciones realizadas en el Reino Unido revelaron que la enfermedad era causada por toxinas producidas por cepas del hongo A.spergillus flav'us, cuando sedesarrollaban en la torta citada, y por tanto estas toxinas se denoninaron aflatoxinas.El Tropical Products Institute (TPI), Londres, que ahora forma parte del Overseas Develop
nint Natural Resources Institute (ODNRI), y el Central Veterinary Laboratory, en Weybridge,
RU, desempefiaron papeles prominentes en la extracci6n, purificaci6n e identificaci6n de lastoxinas, y en el desarrollo de mtodos biol6gicos y fisicoquimicos para la identificaci6n ycuantificaci6n de toxinas en cacahuate y otros productos comerciales. Esto estableci6 las bases para que en las investigaciones rapidamente crecientes a escala mundial, se pudiera identificarqu&productos comerciales, ademAs de los cacahuates, podrian estar contaminados con aflatoxinas, y cuAles especies de animales, ademAs de las aves, eran susceptibles a la aflatoxicosis. Seencontr6 que varias semillas oleaginosas importantes, cereales, leguminosas y cultivos deespecias, estaban contaminados con aflatoxinas en forma natural, y un gran ntimero de especiesde ganado eran afectados por las aflatoxinas, en mayor o menor grado. Entre los cuatro cultivos 

clue el ICRISAT tiene el compromiso de investigar, solamente el sorgo tiene posibilidades deIlegar a contaminarse con aflatoxinas, mientras quc entre los cereales, la contaminaci6n mAsimportante por varios 6rdenes de magnitud, ocurre en maiz. El maiz y los cacahuates son
productos comunes en la dicta de muchos pueblos en los tr6picos e ingredientes usuales en los
alimentos del ganado, en los paises desarrollados. La mAs comin de las aflatoxinas, la aflatox
ina B,es tambikn la mAis t6xica.
 

A medida que se 
acumulaban las pruebas sobre la importancia actual y potencial de lasaflatoxinas en los animales de granja, se acrecentaron las inquietudes acerca de su posiblepeligro para la salud humana. Estas se intensificaron marcadamente cuando se demostr6 queratas alimentadas con torta de cacahuate, contaminada con aflatoxinas, eran afectadas por 
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cdncer del higado. Durante los iltimos 25 afios se han reunido abundantes datos sobre la 
presencia de aflatoxinas en las dietas de determinadas regiones del mundo, en relaci6n con la 
incidencia de cncer del higado er. estas regiones, y existen fuertes indicios que estiAn 
interrelacionadas. 

La posible presencia de substan~ias tan extremadamente t6xicas y carcinog~nicas en los 
alimentos de consumo humano y -n el alimento animal, ha tenido un efecto profundo en la 
utilizaci6n y el comercio del cacahuate y los productos derivados de cacahuate. Los paises 
procesadores e importadores han palesto limites mAximos de niveles de aflatoxinas permisibles 
en los cacahuates y productos derivados de &stos.En una ponencia presentada en la reciente 
conferencia internacional FAO/OMS/UNEP sobre micotoxinas, van Egmond inform6 que 
alrededor de 50 paises han estatuido o p-opuesto legislaci6n reglamentando el contenido de 
aflatoxinas en los alimentos. Los limites mAximos tolerables varian desde no detectables hasta 
50 pg kg-'. Ha habido la tendencia de que la reglamentaci6n sea cada vez nis restrictiva, 
conforme han mejorado los mtodos de detecci6n. Naturalmente seria preferible ;ue no hubiera 
aflatoxinas presentes, pero esto no ha resultado factible. No s6lo los cacahuates para consumo 
humano directo estin sujetos a las restricciones. Cuando los mamiferos ingieren aflatoxina BI, 
esta toxina puede pasar a la leche en donde ocurre en una forma ligeramente modificada Ilamada 
aflatoxina MI. En agosto de 1981, el Ministerio de Agricultura del Reino Unido proscribi6 la 
alimentaci6n de vacas lecheras con productos derivados de cacahuates, debido al posible peligro 
a la salud de los consumidores de leche. Se cree que la toxina en la leche es particularmente 
importante, debido a que los animales lactantes y presuntamente tambikn los nifios, son mAs 
susceptibles a la aflatoxicosis y a los efectos carcinogenicos de las aflatoxinas que los adultos. 

Los peligros para la salud humana yde la ganaderia, por ingesti6n de alimentos contaminados 
con aflatoxinas, son mucho mayores en los paises en vias de desarrollo, que en los desarrollados. 
La mayoria de los primeros estAn situados dentro del tr6pico, don'de las temperaturas y 
humedades relativas frecuentemente favorecen el crecimiento de los hongos en los productos 
citados. Tambibn las condiciones de almacenamiento frecuentemente dejan mucho que desear. 
En muchos paises solamente hay facilidades limitadas o no existen &stas,para la vigilancia 
continua contra esta contaminaci6n en los cacahuates o sus derivados. Tambi~n existen posibles 
interacciones sinergkticas entre las aflatoxinas y el virus B de la hepatitis infecciosa, y hay 
evidencia de que los efectos de la ingesti6n de aflatoxinas son mucho mdis severos en el caso de 
nifios que padecen de una grave malnutrici6n proteica, condici6n desafortunadamente comtin, 
en algunos de los paises donde ocurren las aflatoxinas. Donde los cacahuates son un cultivo de 
exportacion que produce ingresos monetarios a los productores, ha habido la tendencia de 
concentrar los esfuerzos en asegurar la aceptabilidad del producto comercial en el pais importa
dor, mientras que poca atenci6n se ha puesto en los niveles de aflatoxinas en los productos 
asignados al consumo local. Por supuesto, se reconoce que la p~rdida de ingresos procedentes de 
la exportaci6n puede ser de gran importancia, y tambi~n se aprecia que es dificil en algunos 
paises productores de cacahuate, satisfacer las estrictas reglamentaciones actualmente impues
tos por los paises importadores. Sin embargo, los problemas locales son importantes. ZQu& 
puede hacerse para eliminar o reducir las contaminaciones con aflatoxinas en los cacahuates y 
sus derivados? Actualmente no hay una pr~ictica t6nica que puede prevenir la contamirlaci6n con 
aflatoxina de los productos comerciales. Por supuesto, si pudieramos obtener geni-ticamente 
variedades de cacahuate sobre las cuales el hongo toxig~nico A. flavusno pudiera desarrollarse, 
o sobre las cuales aun cuando se desarrollara no produjera toxinas, entonces estaria resuelto el 
problema. Desafortunadamente no hemos hecho eso atin. Lo que puede hacerse al nivel de 
predio rural, es sembrar variedades que tienen el grado meAs alto posible de resistencia a las 
invasiones de las vainas y semillas por A. flavus y tambin aplicarse prActicas de cultivo que 
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reducen a un minimo las lesiones a las vainas. Deben evitarse condiciones adversas de sequiadurante la diltima parte del ciclo de desarrollo de cultivo, y 6ste debe cosecharse cuando lamayoria de las vainas se encuentren maduras. El secado de post-cosecha debe ser rfpido, pero notanto que produzca dafios a la semilla, y el almacen .miento deberAt ser bajo condiciones limpias,secas y libre de plagas. Las cosechas deben vigilarse continuamente contra la contaminaci6n conaflatoxinas, al salir de los predios rurales o al arribar en los centros plantasprocesadoras, y aquellos lotes de materiales con niveles de aflatoxinas mayores 
de acopio 

que los 
o 
permisibles, deberfn separarse para uso no-alimentario, o someterse a algfin proceso que elimine lastoxinas, antes de usarse como alimento humano o animal. El aceite refinado obtenido de loscacahuates procesados en las plantas modernas de extracci6n con solventes estAi libre deaflatoxinas. pero el aceite producido en las plantas extractoras de aceite por presi6n, que son lasmils primitivas y de uso frecuente en los pueblos pequefios, puede contener altos niveles deaflatoxinas y requerir un tratamiento adicional para que sea apta para el consurno humano.Cuando el producto derivado de los cacahuates Ilega a manos del consumidor, el riesgo decontaminaci6n con aflatoxinas an persiste. Las esporas de A. flavus generalmente estinpresentes en el aire y e) agua de las regiones con climas tropicales o cflido-templados, de maneraque los alimentos expuestos pueden Ilegar a ser inoculados y producir aflatoxinas, si lascondiciones ambientales y la composici6n de los alimentos en cuesti6n son favorables.Es obvio que los esfuerzos para evitar la contaminaci6n de los cacahuates con aflatoxinasdeben iniciarse durante el desarrollo del cultivo y continuarse hasta que la cosecha sea consumida. Aun cuando muchas pr~cfias recomendadas para evitar la contaminaci6n son sencillas yficiles de aplicar, 6stas deben adaptarse a las condiciones agroecol6gicas especificas y algunasno pueden aplicarse en los paises menos desarrollados, donde las facilidades necesariasminimas o inexistentes. sonMuchos grupos diferentes de productores tendr~n que participar ytrabajarjuntos para resolver el problema comrin.Este taller ha reunido a los investigadores agricolas y extensionistas procedentes de 26 paisesen vias de desarrollo y desarrollados, y de varias instituciones internacionales y regionales. Hanasistido representantes invitados de unidades comerciales, de procesamiento, e intereses comerciales gubernamentales, asi como representantes de los sectores medicos y veterinarios, paralograr una cobertura comprensiva del problema. Los principales objetivos del taller son: lograruna evaluaci6n actualizada del problema y desglosar las investigaciones recientes, asi como lasinvestigaciones actualmente en marcha, con el prop6sito de proporcionar los mejores consejosposibles a todas las personas interesadas en la producci6n de cacahuates, sobre c6mo reducir o
eliminar las contaminaciones con aflatoxinas.
El enfoque de las acciones del ICRISATen las investigaciones sobre aflatoxinas se concentra
sobre el desarrollo de cacahuates resistentes a ]a invasi6n de A. flavus, o que impiden eldesarrollo de las toxinas. Estudios colaterales se realizan para desarrollar m~todos in vitro, paradetectar la resistencia de la semilla, la detecci6n de las toxinas, y la evaluaci6n de los factores
ambientales que afectan 
 la resistencia del cultivo. Esto pudiera parecerrestringido al problema, pero el 

un enfoque un tantoICRISAT es un instituto internacional de investigaci6n ycapacitaci6n agricola, que realiza la mayoria de sus investigaciones sobre cacahuate dentro detres paises anfitriones: India, Niger y Malawi. Ademis, trabaja en beneficio de los pequefiosagricultores de todas las regiones del tr6pico donde se siembran cacahuates. No se consideraconveniente que el ICRISAT emprenda investigaciones amplias sobre problemas de aflatoxinasen el periodo post-cosecha, dado que esto claramente es responsabilidad de las institucionescientificas nacionales, y no seria apropiado que el ICRISAT emprendiera estos trabajos, siexiste la capacidad nacional para la resoluci6n de problemas de esta indole. Sin embargo, esnecesario recordar que el importante grupo de pequefios agricultores carece, en su mayor parte, 
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de la educaci6n, la informaci6n, y los medios necesarios para mantener bajos los niveles de
aflatoxinas si es necesario el uso de prfcticas sofisticadas de manejo en cultivos. Hacemos
aquello que consideramos prioritario, y creemos que nuestras investigaciones sobre A. lavusy 
sus toxinas permitirin a los pequelos agricultores en los tr6picos derivar mayores ingresos de laproducci6n de cacahuates. Nuestro trabajo, sin embargo, es solamente una pequefia contribu
ci6n a 1a soluci6n de un problema mayor.

Se espera que este taller Nlas mernlrias derivadas del mismo, ayudarfin en la presentaci6n del 
progreso logrado cn todos los frentes, en la lucha contra el serio problema de la contaminaci6n 
con aflatoxinas en los cacahuates, y mostrarin como cada uno de los diversos locros de las 
investigaciones contribuyen a alcanzar Un objetivo general de rnucho mayor magnitud.Tambi~h se espera que mediante la amplia distribuci6n tanto del resumen como las memorias
completas de este taller, podremos poner el problema ante la atenci6n de las autoridades 
gubernamentales v los formuladores de politicas apropiados, a fin de que puedan tomar las
acciones necesarias para minimizar los riesgos para la salud, tanto de humanos corno para la
ganaderia, derivados del consumo de cacahuates o productos derivados, contaminados con
aflatoxinas, asi como mejorar la calidad de los cacahuates que entran al comercio y consecuen
temente incrementar los ingresos pcT concepto de exportaci6n de los mismos. 
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Objectives and Structure of the Workshop 

Objectives 

The main objectives of the Workshop were to: 

* Bring together research workers and others concerned with the many different aspects of the
groundnut aflatoxin problem to exchange the latest information,

* Evaluate the status of research on aflatoxins in different countries/regions,
* Identify areas for collaborative research,
* Discuss ways of evaluating and managing the aflatoxin contamination problem in ground

nuts around the world,
* Identify specific training needs and organizations that can offer training, and
* 
 Develop plans for disseminating information useful to groundnut growers, processors, users,

advisory services, and policy makers. 

Structure
 

In order to cover the wide range of topics and disciplines represented at the Workshop, paperswere arranged in sessions that were ordered to move from general aspects of the problem tospecific research topics. With over 40 papers presented, discussions at the end of each were ofnecessity brief, but the program allowed for the participants to break into groups and holdin-depth discussions within these groups. At a final plenary session each group chairmanpresented a report and recommrendations that are included in this Proceedings.
The recommendations of each group were considered during the plenary session by allparticipants and the final recommendations of the Workshop have been formulated from these
 

deliberations.
 
A major recommendation, and a continuing theme throughout presentations and discussions
was the need to increase awareness 
of the problem of aflatoxin contamination at all levels, fromthe .general public and farmers, to food policy makers and representatives of tradeand industry.In recognition ofthisa decision was made to prepare a Summary Proceedings in English, Frenchand Spanish and to distribute it as widely as possible. This was done in 1988.Throughout this document term groundnut is used for Arachis Ithpogea L. except in

the 
proper names of organizations e.g., Peanut CRSP or in widely recognized names forgroundnut
products e.g., peanut butter. 

In order to achieve uniformity in reporting all aflatoxin contents are expressed in micrograms 
per gram (jug g-1) or per kilogram (mg kg-'). 
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Objectifs et organisation de I'atelier
 

Objectifs 

L'Atelier avait pour objectifs principaux de 

* 	 Rassembler les chercheurs et tous ceux qui sont intress~s par les nombreux aspects divers du 
probl6ne des aflatoxines chez l'arachide pour &hanger les dernikres informations; 

* 	Evaluer la situation des recherches sur les aflatoxines dans les diff~rents pays et regions; 
* 	 !),,finu les possibilit~s de collaboration dans le domaine des recherches; 
" 	tEtudier les moyens d'valuation et de contr61e du probl~me de la contamination des arachides 

par les aflatoxines dans I monde entier; 
• 	 Identifier L's besoins sp&ifiques en formation, ainsi que les organismes susceptibles de 

fournir cette formation; 
* 	 Etablir des plans de diffusion d'informations utiles auprs des cultivateurs, des industries de 

transformation, des utilisateurs, des services de conseils et des autorit~s. 

Organisation 

Afin de pouvoir traiter toute la gamme de themes pr~sent~s Al'Atelier, les communications ont 
t&regrouptes en sessions, organis es de faqon i passer des aspects g~n&raux du problme aux 

th~ines de recherches sp&cifiques. Une quarantaine de communications ayant W pr~sent~es, les 
discussions I la fin de chacune d'elles taient forc~ment br~ves, mais l'organisation du pro
gramme permettait aux participants de se diviser en groupes afin de discuter plus en detail au 
sein de ces groupes. Au cours d'une session plni~re de cl6ture, le president de chaque groupe a 
pr~sent un proc s verbal et des recommandations qui sont inclus dans ce present compte rendu. 

Les recommandations de chaque groupe ont W examinees par tous les participants au cours 
de cette session plknire et les recommandations finales de I'Atelier ont W formules i partir de 
ces dMlibfrations. 

Une recommandation principale, et un thme qui est revenu tout au long des presentationset 
des discussions, a 6t la ncessit&de rendre les gens plus conscients, a tous les niveaux, de ce 
probleme de contamination des arachides par les aflatoxines, depuis le grand public et les 
cultivateurs, jusqu'aux responsables des politiques alimentaires et aux repr~sentants du 
commerce et de l'industrie. Afin de tenir compte de ces preoccupations, il a W d~cid6 de 
preparer un r~sum des travaux en anglais, en franqais,et en espagnol et de le diffuser aussi 
lar,,ement que possible. Cette dmarche a W compl~t&e en 1988. 

Tout au long de ce document, le terme "arachide" est utilis pour de-signer Arachishypogaea 
L., sauf dans le cas de noms propres d'organismes, par exemple le Peanut CRSP. 

Dans un souci d'homog~n~it6, toutes les teneurs en aflatoxines sont exprimees en micro
grammes par gramme (tag g-1) ou par kilogramme (pg kg-1). 
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Objetivos y estructura del taller 

Objetivos: 

Los principales objetivos del taller fueron: 

* Reunir a investigadores y otras personas interesados en los mtltiples y diversos aspectos delproblema de aflatoxinas en el cacahuate, para intercambiar la informaci6n mhs reciente.* Evaluar el estado de las investigaciones sobre aflatoxinas en diferentes paises y regiones.* Identificar dreas de investigaciones conjuntas.* Discutir maneras de evaluar y manejar el problema de la contaminaci6n con aflatoxinas enlos cacahuates, en todos los paises del mundo.* Identificar las necesidades especificas de capacitaci6n y las organizaciones que puedan
ofrecer capacitaci6n.
Desarrollar planes para la diseminaci6n de informaci6n titil para los productores de cacahuates, procesadores, usuarios, servicios de asistencia t~cnica y los formuladores de politicas
apropiadas. 

Estructura 

Para cubrir el amplio rango de temas y disciplinas representadas en el taller, las ponencias seagruparon en sesiones de trabajo, que se ordenaron para su desarrollo, desde el aspecto generaldel problema a los temas de investigaci6n especifica. Con la presentaci6n de mAs de 40ponencias, las discusiones al final de cada una de &stasfueron inevitablemente breves, pero elprograma desarrollado permiti6 a los participantes separarse en grupos y efectuar discusionesmhs profundas dentro de los mismos. En la sesi6n plenaria final, cada presidente de grupopresent6 su informe y recomendaciones, que se incluyen en estas memorias. Las recomendaciones de cada grupo fueron analizadas durante la sesi6n plenaria por todos los participantes, yenbase a las deliberaciones respectivas, se formularon las recomendaciones finales del taller. Unarecomendaci6n importante del taller, y tema que se reiter6 a trav6,. . las intervenciones ydiscusiones, es la necesidad de sensibilizar a la gente acerca del problei.,a ue contaminaci6n conaflatoxinas, a todos los niveles, desde el piblico general y los agricultores, hasta los formuladores de politicas de producci6n de alimentos y representantes del comercio y ia industria. Confin de reconocer tales recomendaciones, se decidi6 preparar un restImen de las memorias eningles, franc6s, y espafiol, y para distribuirlas con la mayor divulgaci6n posible. Esto se logr6 en
1988. 

En este documento el t~rmino cacahuate se utiliza para designar a Arachishypogea L.Con la finalidad de lograr uniformidad, todos los contenidos de aflatoxinas se expresan enmicrogramos por gramo (Mg g-1) o microgramos por kilogramo (pg kg-). 
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Importance of Aflatoxins
 



Risk to Human Health Associated with Consumption 
of Groundnuts Contaminated with Aflatoxins 

R.V. Bhat' 

Abstract 

Acute and chronic eftects ofallatoxins in man are well documented. The reported outbreaks of 
alatoxicosisin man were due to the consumption ofstaple foods such as maize and not to the 
consumption ofgroundnut.Circumnstantialevidence has implicatedgroundnutmeal containing 
aflatoxinas causingIndian ChildhoodCirrhosis.Dietarvintakeofallatoxinthroughgroundnut 
has been implicated in the development of liver cancerin certainpartsof the developing world. 
The incidenceoflivercancerassociatedwith the ingestion ofallatoxinfrom groundnutsislow in 
developed countriessuch as the ISA. 

Food consumption surveys in India have indicated that the consumption of nuts, (mostly 
groundnuts)varies from 2 to 35 g per consumption unit perperson per day dependingon the 
reion and season. Data from the Indian MulticentricFood Contamination Monitoring Pro
gran have indicatedthat though affatoxinscould he detected in l3r of the groundnutsamples 
they tested, the toxins exceeded the official pormissiblelimit of 30,ug kg-I in only 2.697 of the 
samples. Studies carriedout in Thailand. the Philippines,and the USA have indicatedthat the 
dietary intake of aflatoxins from groundnut is lower than that from maize. 

Thw aflatoxinregulatoryactions taken by the European EconomicCommunity(EEC),Japan. 
and other developed countries on importinggroundnut and its derivatives have resulted in 
safrguardingexports ratherthan minimizing health hazards in the developing countries. 

Risumi 

Risques pour la santi humaine dus i la consommation des arachides confaminies par les 
aflatoxines: Les effets ai, us et chroniquesdes allatoxineschez I'homme sont biendocument6s. 
Les cas d aflatoxicosessignal6schez 'homme sont dusplut6th la consommationdes alimentsde 
base tels que le mnaisi, et non pasdes arachides.En Inde, la cirrhoseinfantileest souventattribueh 
la farine des arachidescontaminbes par les aflatoxines. L 'volution du cancer du foie dans 
certainspays en voie de dcveloppement est 6galement impute ; ces m cotoxines. Cependant, 
dansles pays dcvelopps tels que les Etats-Unis, la correlationentreles aflatoxines d rachideet le 
cancer du foie est flible. 

D aprbs les enquetes mences en Inde surI alimentation,le taux de consomriationjournalibre 
des fruits secs. en particulierdes arachides,varie de 2 A 35g par unit&de consommationet par 
personne, en fonction de la rigion et de la saison. D oiprbs les donnoes collectbes parle Indian 
Multicentric Food ContaminationMonitoringProgram,les aflatoxinesont 6t6 d6tect~es dans 
/.? des 6chantillonsd arachidesanal'ss;le taux de toxines n 'ad~pass6la limite autorisede 30 
,ug kg-' que dans 2,6(- des cchantillons.Des 6tudes conduites en Thaflande, aux Philippineset 

I. Assistant Directr, Food and Drug Toxicology Research Centre, National Institute ofNutrition, Indian Council of Medical Research, 
Jamia Osmania PO, Hyderabad 500007, Andhra Pradesh, India. 

Citation: ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1989. Aflatoxin contamination ofgroundnut:
proceedings of the International Workshop, 6-9 Oct 1987, ICRISAT Center, India. Patancheru, A.P. 502324, India: ICRISAT. 
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aux Etats-Unis ont r&&6Ic que le niveau dlato.\xines ing&r-es suite h la consommation des
arachidesest infrieuri' ¢elui duo au mais.

Les lkgislationssanitairesinises en vigueurdans /es pay'sde la CEE.au Japonet dans d'autrespays dthclopp~s, concernant hi prsence des aflatoxines dans les arachides import6es et leursproduits, ont permis de sauvegarder Is exportationsplutit que de rcduire les risques pour la 
sant dans /es pay's en dtveloppeent. 

Restimene 

Peligro para Ia salud huinana asociado con el consumo de cacahuate conaminado con aflatoxinas: Los electos agudosy'¢ronicosdelis allatoxinassobreci honibreestin bien docurnentados.Los brotes reportadosde allatoxicosis en v/ hombre fueron atribuidos alconsumno de alimentoshWsios. tales cotno v/ nadi,, y no al consunlo de eacahuates. Pruebascircunstancialeshanimplicadoa li torta de cacihuateq ue ontienev;lkito.inas.como causa delaic-rosisinfntilen laIndia. La absorciin dietetiea de allatoxinas a travs de cacahuates ha sido implicada en C/desarrolo del cincer del higado, en ciertas partts del mundo en desarrollo. La incidencia dee.incer del higado asociado con hi ingestiun de allaboxinas presentes en cacahuateses baj'a enpai es desarrollados, como iFstados IInidos de A nl~rica.
Los estudiosde consulno de alitnentos en li India han indicado que ci consuniodc nueces dedifri-entes clases (predominanteninte cacahuates)variade 2 a .?5g por unidadde consuno,porpersona. por dia, dependiendo de hi regin v li estacin del afio. Los datos del ProgramaAlulticentrico parala Vigilaneia de i ('ontaninachinAlimentariade la Indiahan indicadoqueaun cuandose pudo detectar a/latoxinasen el 131 de las inuestras tc caahuateanalilados,lastoxinas excedieron el limite oti¢ialperinisible de 3 0/ug kg-' en solarnente2.6( de las muestras.Estudios cctuados en Tailandia, Filipinasv Fstados Unidos han indicado que /a absorci6ndiettica de las allatoxinascontenidasea cacahuateses menor que la absorci6nde atlatoxinas 

contenidasen el mai. 
Lasdisposieionesl'agalesque reglarnentanel eontenido mxino de allatoxinas,adoptadasporla ComunidadEcononicaFuiopea(CEE),.Iap6 n 'otrospaisesdesarrollidos,en relacidncon lainlportacihnde cacahuattes v produetos derivados,han logradocono resultadoIa proteccidndelos consumidoresde las exportaciones,ms bien q ue l reducci6nde lospeligrosa lasaluden los 

paises en desarrollo. 

Introduction 

Aspergillus./lavus and A. parasiticusoften infect groundnuts and develop secondary metabolites popularly called aflatoxins. Aflatoxins are known to be hepatotoxic, carcinogenic, andteratogenic. For historical reasons, the problem of aflatoxins has been commonly associatedwith groundnuts although it is much more of a problem in maize. A Global Significance Surveycarried out in different parts of the world revealed that maize and groundnut are the commodities most affected by the mycotoxin (HFesseltine 1986). In a developed country like the USA, thefrequency distribution survey of the tota! aflatoxin level in raw shelled groundnuts and shelledmaize clearly indicated that the problem is at least five times more serious in maize than ingroundnuts (Stoloff 1985). Outbreaks of aflatoxic hepatitis in India in 1975 and Kenya in 1982have demonstrated that the health hazard from aflatoxins in developing countries is more frommaize than groundnuts (Krishnamachari et al. 1975, Nagindu et al. 1982). However, the 
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economic significance of allatoxin contamination in terms of reduced export earnings and loss 
at different levels of the trade chain such as; shelled groundnuts, edible oils, and oil cakes is more 
in groundnuts than in maize. 

Aflatoxins in Groundnut and their Association with Various Diseases 

During the last two decades, efforts have been made in different parts of the world to correlate 
the consumption of groundnuts contaminated with aflatoxins or aflatoxin-producing fungi with 
several diseases in man. In most cases, only circumstantial evidence based on epidemiological 
observations occasionally supported by analytical data on groundnut aflatoxin levels have been 
provided, and direct evidence implicating aflatoxins and the cause of the disease are lacking. 

Aflatoxins and occupational diseases among groundnut workers 

Workers engaged in postharvest activities related to shelling, bagging, storage, transport, etc., 
may be exposed to aflatoxin through the respiratory route. There is evidence from epidemiologi
cal studies to indicate that aflatoxins in respirable particles pose t potential occupational 
hazard. A chemical engineer involved in sterilizing Brazilian groundnut meal contaminated by 
,,spergilh./ilavusdeveloped alveolar cell carcinoma and died within a year. Aflatoxin B, was 
detected in his lung tissue. His colleague had also developed alveolar cell carcinoma (pulmonary 
adenomatosis); (Dvorackova 1976). Three cases of pulmonary interstitial fibrosis were recently 
reported from Czechoslovakia, of whom two were agricultural workers. Aflatoxin B, ( 10 -54 jg 
kg-1) was detected in lung samples of all the workers, (I)vorackova and Pichova 1986). 

In a Dutch groundnut oil factory the workers were exposed to an estimated 0.039-2.5 ug 
allatoxin per working week (45 h). An epidemiological study of 55 workers indicated that I I 
developed various forms of cancer, mainly of the respiratory tract (van NieuWenhuize et al. 
1973). 

However, a study conducted 18 years after initial exposure did not give a definite indication of 
cancer risk associated with respiratory exposure to atlatoxin, although it did suggest certain 
associations warranting further study (Hayes et al. 1984). 

Baxter et al. ( 198 1) were also of the view that while there could be considerable risk associated 
with exposure to grain dust from groundnut, cottonseed, and maize contaminated with afla
toxin, the exact magnitude of the risk cannot be adequately estimated. 

Farmers who clean out moldy grains from storehouses suffer from burning of the eyes, nose, 
and throat, chills, fever, and dry irritating coughs (Emanuel et al. 1975). The number of fungal 
spores present in grain dust ranges from 3.5 to 200 million m- 1of air and predominantly includes 
species of Aspergilhs (Palmgren 1985). 

Association between aflatoxin and protein energy malnutrition 

Aflatoxins have been recognized to be more harmful to malnourished than well-nourished 
animals and humans. Thus, malnourished children in developing countries are more susceptible 
to aflatoxin toxicity. In a series of studies in the Sudan, Nigeria, Ghana, and South Africa, in 
both autopsied as well as biopsied livers from children with protein energy malnutrition, 
aflatoxins were detected in levels ranging from 62 to 33 206 pag kg-' in kwashiorkor and 
marasmic kwashiorkor, but not marasmus (Coulter et al. 1986, Hendrickse 1934). Groundnuts 
and peanut butter were the major source of aflatoxins among these populations (Hendrickse et 
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al. 1982). AflatoxiPs MN were frequently detected in breast milk of Sudanese women1 and M, 

(Coulter et a;. 
 1984). Based on these studies it ispostulated that kwashiorkor might result fromchronic aflatoxin potisoning (Anon. 1984). Recent evidence indicates that children with kwashiorkor have a reduced ability to metabolize and excrete allatoxins compared to marasmicchildren (Coulter et al. 1986). Thus, aflatoxins are unlikely to be primarily responsible forkwashiorkor development, although malnourished children would be more susceptible to the
toxic effects of aflatoxin. 

Aflatoxin in groundnuts and Indian Childhood Cirrhosis (ICC) 

Indian childhood cirrhosis isa liver disorder found only among children in the Indian subcontinent. Toxins (including allatoxin), virus, and hereditary factors have been put forward aspossible etiologic agents. According to Amla et al. (1969), there is sufficient circumstantialevidence to indicate that children exposed to aflatoxin through breast milk and dietary itemssuch as unrefined groundnut oil and parboiled rice may develop ICC. In each 24-h collection ofurine from cirrhotic children allatoxin 13,ranging from 0.02 to 0.05 jig was detected in 7%of theurine samples. This was substantiat,_d when mahlourished children in a pediatric ward of ahospital developed liver lesions similar to than seen in ICC cases after accidentally consuming30-50 g of groundnut protein flour contaminated with 300 ug kg-1 of aflatoxin for periodsranging from 5 days to I month, (Amla et al. 1971). 

Aflatoxin and liver cancer 

Studies carried out in Kenya, Swaziland, the Transkei region of South Africa, Mozambique,and Thailand have found a positive correlation between hepatocellular carcinoma (HCC) andaflatoxin ingestion by man. The incidence of HCC in Taiwan, Japan, the People's Republic ofChina, the Republic of Kort+a, Greece, and large areas of subSaharan Africa isalso associatedwith the prevalence of the ,ncpatitis-H surface antigen (HI3S Ag) carrier state (Okuda andMackay 1982). Studies carried out in Swaziland to correlate aflatoxin and hepatitis-l with livercancer indicated that 4.6' of the diet was positive for aflatoxins. The major source of contamination was sauce containing groundnuts which was used on naize meal. The mean level ofallatoxins was 302.5± 108.5 ug kg-i (IARC 1984). In these studies, aflatoxin exposure and HBSAg prevalence were measured across 10 geographical areas. Aflatoxin exposure was a moreimportant factor in liver cancer incidence than the prevalence of hepatitis infection (Peers et al.In press). These studies also indicate that, over a decade, as a result of carrying out a ruraldevelopment program, the aflatoxin incidence has lowered. These data, coupled with what isknown about the carcinogenic effect of aflatoxins, in animals as well as the secular trends inHCC incidence rates as evidenced by the correlation of reduction of mycotoxin incidence in
foods and the decreased HCC incidence in South Africa (Bradshaw 
 et al. 1982), and inMozambique (van Rensburg et al. 1985) should be considered as supporting evidence for therole of aflatoxins in the causation of HCC (Friesen et al. in press, Hsieh 1986). 

Association between occurrence of endemic osteoarthrosis and consumption of contami
nated groundnuts 

Several chronic, progressively disabling, polyarthritic diseases with fairly similar features havebeen described from different countries during the last decade. These include the Kashin-beck or 
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Urov diseases from USSR, People's Republic of China, and North Vietnam (Sokoloff 1985),
Mseleni Joint Disease(M.ID) from South Africa (Fellinghan et al. 1973), and Endemic Familial 
Arthritis of Mal nad. in Karnataka, India (1Bhat and Krishnamachari 1977). Mycotoxicological
etiology has been suggested for this clearly familial disease (Nesterov 1964, Walser et al. 1982).
When samples of home-grown maize and groundnuts from tile endemic areas were examined, 
several Iu.ariun spp: F.//oau.. . oi..*or.un, . 'i moniliform,, 1F. 'quiseti,and F.conpIactam
besides Penicillium spp and l.a.iodeiploiaf/u'wromam, were found to be more predominantly 
present in households affected by M.1I) than in non-affected ones, The incidence of A.sergillus

.lavus was low in all tile samples (Marasas and van Rensburg 1986). A diet containing
home-grown maize and groundnuts from affected households in the endemic area of M.ID 
caused fi brous osteodyvstro phy and nephrolithiasis accompanied by certain biochemical changes
in serum such as plasma alkaline phosphatase, hypoca lcaem ia, or hyperphosphataernia (Fin
chain et al 1985). However, there is as vet no conclusive evidence to show that these oestoar
thritic diseases are associated with consumption of contaminated maize and groundnuts. A 
recent meeting held in Bei.jing by the World Health Organization (WHO) concluded that 
"Sexeral hypotheses indicate involvement of certain chemicals in food and water (manganese,
phosphorus, mvcotoxins, microbial toxins, humic acid, etc.) in combination with nutritional 
disbalance, in particular selenium deficiency, as the causation or contributing factors to the 
etiology of this disease" (WHO 1985). 

Cost effectiveness of lowering aflatoxin tolerance levels in groundnuts 

A case study on the cost effectiveness of alternative aflatoxin tolerance for groundnut and
 
groundnut products in the USA was conducted by Dichter (In press). The number of cases 
of
 
liver cancer which could potentially be preventedl at lower tolerance levels (5 jug kg-i) was
 
estimated 
 using both experiments and an epidemiological data base. Since well-doctimented 
scientific evidence isavailable to indicate that the harmful effects of aflatoxins are aggravated in 
malnourished conditions such as protein and vitamin A deficiencies, tie effect of lower toleran
ces on nutritional status was also assessed in order to determine if there would be adverse health 
conIseCI cticn,, Ihc cotisilmpiion patterns of US consumers and the protein adequacy of their 
diets was assessed LIualWntitatiV'ely using individual food intake records obtained in a national 
sur\cN, wit h special attention to the importance of groundnut products in the diets of nutrition
ally vulnerable groups. l'hc analysis revealed that even at the 5 ug kg-i level tile predicted protein
deficit would be less than I1i of the recommended daily allowance for children as well as for all 
consumers living below the poverty level. This finding indicated adverse health effects would be 
un!ikelv if more stringent standards for alatoxins were adopted.

By applying cost-effectiveness analysis techniques to evalute health- improvement measures,
taking lowering deaths from liver cancer due to aflatoxins in groundnuts in USA, Dichter (In
press) concluded that as far as reducing cancer mortality is concerned, a tolerance level of 
15 mg kg- I is the most effective measure. 

Assessment of risk through consumption of groundnut and its products 

Data collected over the last quarter century indicates that the risk from consumption of 
aflatoxin-contaminated groundnuts and groundnut products is likely to be more to animals 
than to humans. 
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Groundnut consumption pattern 

Grounc * ;:. consumption varies in different countries, and even within a country. It depends on
the region, season, and food habits. Food consumption surveys in India have indicated the
consumption of nuts (mostly groundnuts) varies from 2 to 35 g per day per person. In countries 
like Senegal and the Gambia, where more than 70% of the population ;s engaged in some aspect
of the groundnut trade, the consumption could be as high as 85 g per day per person. When the 
groundnuts are consumed roasted, boiled, canned, or in other forms; dhe moldy, shrivelled, and
damaged kernels that are likely to contain more aflatoxins are unlikely to he consumed.
Moreover, roasting fliving oil is known toor in partially (up to 7Ki) destroy the toxin. 
Groundnut-based snack foods are often prepared in the home-based. nonorganized sector,
where it is difficult to ensure quality control. 

In the developed countries, peanut butter is quite popular. In the USA, the maximum annual
consumption of peanut butter by children has been assumed to be 225 g (Stoloff 1985). The 
marketing and consumption pattern of groundnut in developed countries creates a relatively
uniform exposure. The quality control in these countries is organized and methodical. However,
in developing countries up to 80% of the agricultural produce is consumed at home o- at the
village level without entering the organized market chain. This would mean there would be no
dilution effect i.e., the contaminated commodity being mixed with noncontaminated lots
reducing aflatoxin levels. Moreover, there is no possibility of the al, toxin being detected by
official regulation-enforcement agencies. 

Aflatoxins in edible groundnuts 

Aflatoxin contamination in groundnuts was prevalent in 22 countries participating in the Food 
Contamination Monitoring Project (FCMP) FAO'/WHO/UNEPof the under their Food
Contamination Monitoring Project Global Environmental Monitoring System. Among 185 000
samples analyzed between 1980 and 1983, most median and 90th percentile levels were below2 0,.g kg-' in raw groundnuts and 15 mg kg-1 in consumer products. In 2350 samples, aflatoxins 
were above the 20 jug kg-' limit (Jelinek In press).

In the USA, based on annual crop reports of the Peanut Administrative Committee, data
expressed as a frequency distribu-ion curve, for 1973 to 1984 on aflatoxin contamination
incidence and level, has been drawn by Stoloff (1985). These studies indicate that fixing a 
tolerance level of 35 ,ug kg-' would allow the use of virtuallyall the groundnut crop in a yearwith

least amount of contamination, 98, of the crop in an average year, and 96(;' of the crop in a year
 
with most aflatoxin contamination. These studies also indicate ,hat under existing agroecologi
cal conditions it would not be possible 
to eliminate the natural occurrence of allatoxins in
shelled groundnuts even in the developed countries where there is considerable awareness of the 
aflatoxin problem.

A multicentric study carried out by the FAO under the Food Contamination Monitoring
Project (FCMP) in India, Nepal, Pakistan, and Sri Lanka in 1984 indicated that groundnut is
the commodity most frequently contaminated with aflatoxin. The data from India indicated 
that though aflatoxins could be detected in 13%'- of the groundnuts sampleJ, it exceeded the
official permissible limit of 30 ug kg-' in only 2.6,': of the samples. Various surveys carried out in 
different parts of India also point to groundnut as a high-risk commodity for aflatoxins (Tulpule 
et al. 1982). 

Based on the extent of the aflatoxin contamination in groundnuts and the per capita 
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consumption rate of 7.6 g day-' for groundnut and its products, the exposure to aflatoxins has 

been calculated to be 3 pg kg-' body weight (Stoloff 1985). 

Aflatoxins in edible grade flour 

The greatest danger to human health from aflatoxins in groundnuts could arise from the ube of 
edible groundnut cake in the supplementary feeding program. Normally, the best kernels tre 
selected either for export or table consumption purposes. The moldy, damaged, and shrivelled 
kernels are mixed with sound kernels to obtain oil with little chance of the level of contamination 
being detected. When oil is extracted from aflatoxin contaminated groundnuts, 15% of the 
aflatoxins go into the oil, while 85% remain in the oil cake. The level of contamination in 
edible-grade groundnut flour supplied to a manufacturer of children's food in Hyderabad varied 
from traces to 200 Mg kg-'. 

Aflatoxins in edible oils 

Groundnut oil is one of the major edible oils produced in south India. The higher income groups 
consume up to 100 g ofoil per head per day while the poorer segments consume about 15 g a day. 
The level of aflatoxin in unrefined oil in India varies, the highest recorded level being 5000 pg 
kg-' (Tulpule et al. 1982). Assuming : realistic average toxin level of 80 pug kg-', use of 50 g of 
unrefined groundnut oil day-' has been calculated to contribute 4 pg ofaflatoxin to the diet day-' 
(Achaya 1986). Aflatoxin is removed from oil during the process of refining, and by the use of 
certain filters in conventional plate and frame presses. 

Aflatoxins in groundnut cake and extractions 

Oil is extracted either by the traditional bullock or hand-drawn 'Ghanis', or through mechanical 
expellers in rural areas in the unorganized sector, or by the solvent extraction method in the 
organized sector. In India the solvent-extracted oil cake is called 'extractions'. Considerable 
quantities of groundnut cake produced in developing countries were exported to EEC and 
eastern European countries until legislation on aflatoxins in secondary sources like milk were 
introduced in EEC countries. The groundnut cake consumption in EEC countries fell from 9.88 
million t in 1979 to 3.42 million t in 1981 and was estimated to be around 3 million t in 1986. India 
exported 0.53 million t of groundnut cake in 1978/79 while in 1985/86 it was 0.16 million t. The 
mean level of allatoxins found by French official services (Briantais in Barre) in 1984 for 
imported groundnut meal were as follows: Argentina 0.08 pg kg-'; Brazil 2.24 pg kg-'; India 0.68 
.g kg-'; Senegal 0.97 /pg kg-'; and Sudan 0.88 pg kg-1. The level of aflatoxins in exportable 
Indian groundnut 'extractions' ranged from 200-700 pg kg-' while a reputed survey organization 
in the UK reported a 915-1500 range of aflatoxins averaging 424 pg kg-' for 344 Indian samples 
imported into the UK (Achaya 1986). A detailed survey on the trend of aflatoxins in groundnut 
cake exported from India and the groundnuts that have been imported to countries like Japan 
indicated that the levels of aflatoxins in export commodities are generally low (Bhat In press). 

Due to the enforcement of stringent quality measures by the importing countries, the best of 
the commodities are exported from the developing countries and the remainder, often contami
nated, is used within the country as animal feed. The bulk of the oil cake (about 60%) is used as 
direct livestock feed and a small percentage (about 15%) is used for compound livestock feed. 
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Risk to human health from mycotoxins in secondary sources 

It is recognized that when animals consume feed contaminated with aflatoxins, part of the toxinis metabolized in the body and may get into the milk as aflatoxin M,, or may be found in animalproducts such as meat, eggs, etc., which are consumed by man. The levels of toxin that arepresent in these secondary sources are lower than those in agricultural commodities, andevidence of chronic or acute diseases in man animals attributable to these secondary sources islacking. However, to minimize the health risk, legislation has been passed in several countriesrestricting the level of aflatoxins in the fed. Worldwide data from the Global EnvironmentalMonitoring System ((iEMS) on levels of aflatoxin M, in 3700 samples of ','hole milk, driedskimmed milk, and cheese indicates that the aflatoxin levels were below 0.4,ug kg-' calculated ona whole-milk basis (.Ielinck 1987). These results agree with those reported elsewhere that thelevels of aflatoxin M, in milk and aremilk product- generally low. On the other hand, indeveloping countrics where milk is drawn from cattle at the home level, where pooling ofsamples from different animals does not take place, the levels of allatoxin M1 can be as high as
4.8 	ug kg-' (Tulpulc ct al. 1982).


Residues of mycotoxins or their metabolites 
 may be found in milk and various tissues,particularly in the livers and kidneys of livestock that have ingested mycotoxin-contaminatedfeed. The factor of dilution from feed ingestion to tissue varies greatly, e.g., 1:6250 for muscle,1:5000 for liver, while that in milk varies from 1:34 to 1: 1600 (Rodricks and Stoloff 1976). Thelevels ofaflatoxin found in animal tissues consumed by man are unlikely to cause serious health 
hazards. 

Risk to animal health from aflatoxins 

The historic discovery of aflatoxins was due to the death of turkeys in the UK as a result ofconsuming contaminated groundnut meal imported from Brazil. The harmful effects of consuming contaminated groundnut cake have been mainly observed in poultry and milch cattle(Bihat et al. 1978). The effects in poultry include mortality, feed re~usal, slowed growth, fertilityand reproduction problems, and decreased resistance to disease. The major reason for not givingaflatoxin-contaminated feeds to cattle is the problem of metabolites ofaflatoxin being secretedin the milk. A 3(i live weight loss of poultry in USA representing a total weight loss of over 100million kg of meat, worth US S 143 million, has been estimated to be due to consumption of feedcontaminated with mycotoxins (Ilesseltine 1986).

I)etoxification of aflatoxins in food and animal feed has been gaining importance in recent
years. Commercial facilities have been established in Senegal to detoxify groundnut cake by the
ammonia formol and sodium hypochlorite processes. The additional cost isclaimed to be 7CFA
(2.69 US$) kg-' for ammonia formal, and 5 CFA (1.92 US$) kg-' for sodium hypochlorite. In
India, Hindustan l.ever L.td, have established a facility to detoxify groundnut meal by the
ammonia process. They have demonstrated the ability to bring down the aflatoxin level from500 pg kg-' to 50,ug kg-' in a closed unit at 90'C with 7.5% moisture and 2.5%gaseous ammonia.The cost is estimated at Rs. 180 (14.4 USS) t-. An added advantage claimed isa 1% increase in

the nitrogen content of the meal.
Recently, there have been doubts on the safety of the ammonia process. It is claimed that theammonia-detoxified meal when ingested by the animal can undergo transformation in thestomach and there are chances ofaflatoxin being formed again because of the activity ofgastricjuices. If these findings are confirmed, there isreal danger ofaflatoxin intoxication under such 

circumstances. 
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Conclusion
 

Based on the available data it can be concluded that evidence to directly implicate aflatoxins 
through consumption of groundnuts and its products in various diseases in man is inconclusive, 
although such possibilities have been clearly shown in various farm animals. The major reason 
for such a scenario is the consumption of comparatively small amounts of groundnuts and 
groundnut products by man as compared to such staple foods as maize. 
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Discussion 

I.A. Rana. Is there a definite causal relationship between aflatoxin ingestion and kwashior
kor? If the relationship between aflatoxin and liver cancer is not established, this would not be 
surprising as this is the case for other dietary factors in relation to other cancers. The Pakistan 
Medical Research Council has shown that incidence of liver cancer ishigher in Karachi than in 
the North. Urinary aflatoxin levels in low inrome grolip,. v.r doubk in iiconin group.r in 
Karachi. These differences were not sex- or age-related. 
R.N. Bhat. A definite causal relationship between aflatoxin ingestion and kwashiorkor has not 
been established. The presence of aflatoxins in livers of children suffering from kwashiorkor is 
primarily due to the fact that food contaminated with aflatoxin has been consumed by those 
children. Epidemiological evidences are available from several countries linking aflatoxins with 
liver cancer. 
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Hazards to Livestock of Consuming Aflatoxin
contaminated Groundnut Meal in Africa 

J.D. Reed and O.B. Kasali' 

Abstract 

The outbreak of Turkey X' disease in England led to the discovery ofallatoxicosis, caused by
feeding groundnut meal contaminated by Aspergillus flavus to livestock. The high content of 
allatoxinsin groundnut meal in African countries has serious implications for livestock feeding.
The risks depend on the level and type of allatoxin in the diet, the strain of animal, and its 
nutritional status. Subclinical allatoxicosis is characterized by reduced feed intake and poor
productivity, but may not he associated with overt clinicalsvmptoms. Chronicproblems occur 
t'hen al7atoxinsare present in the diet at less than 1000 ,/gkg-' but the lower limits for effects on 

productivit vare not certain. 
The ptincipal lesions ofallatoxicosis occur in the liver and may be classified as toxic hepatitis. 

Natural cases usually result flrom repeated ingestion of the toxin. One of the most constant 
responses to aflatoxin B, is bile ductule hvperplasia at the peripherv ofhepatic lobules. Changes 
in hepatoct tes (vacuolizat,'on. t7tty change) leading to necrosis, are usually localized in one part
ofthe hepatic lobule, depending on the species. Hepatic veno-occlusive lesions are also common. 

The imnmunosuppresive effect ofalatoxin, coupled with high exposure to diseases and poor 
nutrition. are detrimental to increased livestock production in Africa. 

Risumi 

Risques entrainis pour les animaux d'dIevage par Ia consommation de la farine d'arachides 
contaminies en Afrique: L ipparition de lIa maladie X du dindon en Angleterre a permis la 
d~couverte de filkatoxicose, due h Ia consommation par les animaux de la farine d'arachides 
contamines par Aspergillus flavus. En Afrique, la forte teneur en allatoxines de la farine 
d 'arachidesa tine consequencegra ye surI'ilinentationanimale. Les risquesd6pendent du niveau 
et du t'pe d'atlatoxinesdans le rt'gine, de Iospbceanimale et de son Mrat nutritionnel. L 'allatoxi
cose subclinique est caractirise par tineperte d ippbtit et tine f uible productivit6; il n vy;pas de 
svmpt6mes cliniques notables. Un taux d'a/latoxineinliricur A I000,ug kg-1dans le regimepeut 
6galement entrainer des problkmes chroniques, cependant les limites infkrieures li~es h une baisse 
de productivit6 ne sont pas connues. 

Les Isions dues ;) Iaflatoxicosese produisent surtout au niveau du foie, et soat consid&r6es 
conme tinehibpatite toxique. Les causes naturelles ribsultent dune ingestion r~pbtee dc la toxine. 
La reaction laplus frnquente A llatoxine B, est une hyperplasiedu canal biliaire,) 1a pbriph6rie 
des lobules hbpatiques. Fit fonction de l'espbce animale, les modifications dei h~patocytes 
(vacuolisation, modification des lipides) aboutissent ;) ine nccrose d'une partie du lobule hbpa
tique. Les lesions vino-occlusives hipatiques sont galement frequentes. 

I. 	Animal Nutritionist, and Head, Animal Reproduction and Health Unit, International Livestock Centre for Africa (ILCA), PO Box 
5689. Addis Ababa, Ethiopia. 

Citation: ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1989. Aflatoxin contamination of groundnut:
proceedings of the International Workshop, 6-9 Oct 1987, ICRISAT Center, India. Patancheru, A.P. 502 324, India: ICRISAT. 
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L 'effet immunosuppressifdes at7atoxines, ainsique la forte incidence des maladies et une 
alimentationinadequate,limitent ]'augmentationde la production animaleen Afrique. 

Resumene 

Peligro para el ganado originado por el consumo de torta de cacahuate Contaminado con 
aflatoxinas en Africa: La aparicitndejIenfermedad"X"de lospavosen/nglaterracondujoal 
descubrimientode ]a atlatoxicosis,causadaporIa alimentaci6ndelganadocon torta molida de 
cacahuaL contaminada por Aspergillus flavus. El alto contenido de aflatoxinasen la torta 
molida de cacahuateen los paises africanos tiene serias consecuenciasen la alimentaci6ndel 
ganado. Los riesgos dependen del nivel v tipo de allatoxinaspresentes en la dicta, el tipo de 
animal s su estado nutricional. La alLatoxicosis subclinica se caracterizapor un reducido 
consumode alimentosy'una bajaproductividaden losanimales,peroa veces no estA asociadacon 
sintomasclinicosclaros.Problemascr6nicosocurrencuandolasallatoxinaspresentesen la dieta 
son menores que /,000,ug kg-. perolos limites interioresparaefectos sobrela productividadno 
han sido definidos. 

Las principaleslesiorn-.r de la aIlatoxicosis ocurren en el higadoy pueden clasificarseconio 
hepatitis t6xica. Los casos tipicosgeneralmenteson el resultadode /a ingesti6n repetidade las 
toxinas. Una de las respuestasmjs constahtesa /a aflatoxinaB, es la hiperplasiadel ducto biliar 
en la periferiade los hdbulos hepiticos.Los cambios en los hepatocitos(vacuolizacidn vcambios 
en la grasa) que llevan a la necrosis, estin localizados en alguna parte del 16bulo hepAtico,
dependiendode Ja especie animal.Las lesioneshepiticas veno-oclusivas. tambi~n son comines. 

El efecto inmunosupresivo de las alatoxinas,conjuntamente con altas exposiciones a las 
enfermedadesy regimenesalimenticiosdeficientes,perjudicanel mejoramientode Ia producci6n 
ganaderaen Ahrica. 

History and Occurrence of Aflatoxins in Groundnut Meal 

The outbreak ofaflatoxicosis in the United Kingdom in 1960 caused the death of large numbers 
of livestock (Blount 1961) and led to the discovery of aflato;Jns in groundnut meal contami
nated by Aspergillusflavus(Hesseltine 1979). Subsequently, aflatoxins have been found in other 
feeds, especially maize and cottonseed meal (Lillehoj 1979). The potential for death and 
declining productivity in livestock consuming aflatoxin-contaminated feed has led to the 
introduction of regulations in European Economic Community (EEC) countries restricting the 
content of aflatoxin B, to 10-50 )g kg-' depending on the feed and class of livestock concerned 
(Patterson 1983). to note that of aflatoxinlowever, it is interesting the level B, in imported 
groundnut meal in non-EEC countries in Europe can be quite high (> 1000 jg kg-' according to 
Chelkowski et al. 1978). 

Increased restrictions on the importation of aflatoxin-contaminated groundnut meal into 
developed countries may force countries in Africa to utilize this feed resource internally. For 
instance, The over of its groundnut in toG,,mbia exports 90% meal order obtain foreign 
exchange, although there is a shortage of protein for feeding livestock. However, increased use 
of groundnut meal for feeding livestock will necessitate an understanding of the aflatoxin 
problem in the African context. 
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Effects of Aflatoxins on Livestock 

Clinico-pathology 

Early signs of aflatoxicosis in livestock are reduction in feed intake and weight loss, often 
followed by rapid death. The susceptibility of animals to aflatoxin depends on the species
(duckling, rabbit, turkey, chicken, swine, cattle, and sheep in decreasing order), the form of 
toxin (allatoxin B is tile most toxic), and on tile animals' nutritional status. Aflatoxin is both 
teratogenic and carcinogenic. The liver is tile primary target organ in most cases (Jones and 
Hunt 1983). 

The clinico-pathologic features of aflatoxins depend on hepatic injury that is related to the 
dose administered. Doses adequate to produce death within 24 h will result in detectable liver 
damage within 3 hi, and several alterations in liver function within 6 I. The serum alanine 
transferase (SAT), ornithine carbamyl transfcrase, and isocitric dehydrogenase (IDH) are 
markedly elevated. The serum levels of albumin, albumin-globulin ratio, non-protein nitrogen 
(NPN), and urea nitrogen are reduced (Edds 1979). 

The principal lesions of aflatoxin occur in tihe liver and may be classified as toxic hepatitis 
(Kaneko 1980). One of the most constant responses to aflatoxin 1I, is the proliferation of small 
bile ductules. This is usna lIl accompanied by loss of hepatic glycogen, fatty inflitration, 
fibroblastic proliferation, and perivascular edema. These degenerative changes lead to necrosis 
that is usually locali/ed in one part of the lobule (centrolobular or midzonal). Edema of the 
gallbladder has been frequently noted in the pig (Nelson 1979). 

One of the common effects of carcinogens at the cellular level isto cause degranulation of the 
end oplasinic inem bra ties. tepatic changes at tile cellular level in aflatoxin-treated calves were 
loss of ribosomes from tie endoplasmic reticulum, loss of nuclear chromatin material, and 
altered nuclear shapes (Lynch et al. 1971). 

Aflatoxin lB,is metabolized by hepatic microsomal mixed function oxidase. The hydroxyla
tion of allatoxin l3 to aflatoxin MI in the lactating cow isof particular concern. Aflatoxin M, is 
also found in the liver, kidney, and urine of sheep (Masri et al. 1974). 

The strong accumulative effects of aflatoxin hB,on lipid metabolism may be manifested by an 
early decrease in feed conversion (Lynch et al. 1979). Aflatoxicosis in farm animals produces 
growth depression, fatty livers, and a decrease in the lipid content of extra hepatic tissue. The 
accumulation of fat in livers has been suggested to be due to a blockage of fat removal from the 
liver. The aflatoxin effect on lipid metabolism is also marked by reduction in such fat-soluble 
vitamins as vitamin A (ILynch et al. 1979). 

Several mycotoxins exert biological actions that impair the effectiveness of native defense 
mechanisms and imm unogenesis (Pier et al. 1979). Most of the experimental information 
concerns aflatoxin and its effect on poultry, swine, and cattle. 

The major effect of aflatoxin is on the cell-mediated immune system. This failure has been 
demonstrated ill poultry with fowl cholera and in swine erysipelas. Aflatoxin consumption has 
also been reported to increase susceptibility of poultry to salmonellosis, candidosis, and coccidi
osis, and of calves to fascioliasis (Pieret al. 1979). The diminished resistance and immunogenesis 
are thus a problem of substantial economic importance and deserve further investigation. 
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Ducks and Poultry 

Ducklings are the most susceptible class of livestock to allatoxicosis and are prefeientially usedin bioassays for allatoxins in feeds (Ostrowski-Meissner 1984). Ducklings showed a depressed
utili/ation of dictary protein on diets containing only 70 pg aflatoxin 13, kg-, whereas chickensdid nor show a depression until they consumed diets containing 280 pg kg-I (Ostrowski-
Meissner 1984).

Generally chickens will show depressed levels of performance on diets containing more than250 pg kg-' aflatoxin ,1and, at higher levels (-.500 pg kg-1), liver lesions become severe (Davli 
!986). 

Swine 

Relatively low concentrations ofallatoxin BI (182 pg kg-1) reduced average daily gain and feedefficiency in piglets fed on contaminated maize, but this effect was reversed by increasing theconcentration of crude protein in the diet, and by the addition of fat (Coffey 1986). Levels of 100to 300 pg kg-1 in swine rations usually do not produce toxin effects from weaning to market, butlevels greater than 400 pg kg I may produce allatoxicosis (Edds 1979). Residues ofaflatoxin BIand M, may be present in lier, kidney, and muscle tissues in swine fed on diets containing only100 pug kg-I aflatoxin ; ard these residues may be hazardous for human consumption (Edds1979). Although it is suspected that aflatoxin 13, isa liver carcinogen in man, evidence to support
this is largely circumstantial (Roe 1987). 

Ruminants 

'h ru nerl fermentation does not appear to detoxify aflatoxins, but aflatoxins may inhibit rumen microo rganisms (Mertens 1979). Aflatoxin 13, in diets for feedlot steers did not affectgrowth rate or feed intake at concentrations of'60and 300 pg kg-1, but at 600 pg kg-I both growthrate and feed intake were reduced. Afltoxins B,and M, were not detected in muscle, fat, or liver 7days after withdra wal from a flat ox inri-coita mi nated diets. I.iver lesions were only apparent insteers fed the diets containing 600 pg kg-I (Helerich et al. 1986). Only 0.7 to 1.4% ofan oral doseof allatoxin i,was excreted in milk from lactating goats, 25% of the aflatoxin in this milk was
MI. About 50(' of the oral dose was detected in the faeces (Helferich et al. 1986). 

Implications for Feeding Groundnut Meal in Africa 

Most African countries have feed-mixin: enternrises that rely he.ilyti, nn ntcp,.ri C,manufacture of concentrate feeds for poultry, swine, and dairy cattle. The dependency oflivestock industries on these by-products will increase because restrictions on the import ofconcentrates will become greater, especially in West Africa. However, little information isavailable on the aflatoxin contamination of groundnut meals and other oilseed cakes in Africa,and its potential effects on livestock production. Tropical environments favor the growth of,'fsjeriillus/havu.v (Ostrowski-Meissner 1984). All of the samples of groundnut meal from an oilextraction plant in Nigeria were contaminated by aflatoxins (Abalaka and Elegbede 1982). Theoverall effect of aflatoxins on livestock production in Africa is unknown, but is probably large 
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because of their immunosuppresive effects coupled with high exposure to diseases and the poor
nutritional status of livestock in that continent. 
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Discussion 

R.V. Bhat. Regarding the international harmonization of aflatoxin levels in feeds, the Codex 
Alimentarius Commission of the FAO/ WHO has just sent a circular to all the national Codex 
points suggesting certain limits, and has invited comments from the respective governments by
November 1987. We hope that after the comments are received, internationally agreed limits for 
aflatoxins in animal feeds will be set. 
J.D. Reed. The levels ofaflatoxin allowed in livestock materials vary considerably throughout 
the world. Some countries go as high as 300 ug kg-' in materials for livestock feeding. So an 
internationally agreed level would be very useful. 
R.V. Bhat. The proposed limit in groundnut cake and other animal feed ingredients suggested 
by the Codex is 200 pg kg-1. 
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Groundnut Trade in India and the World: 
Implications of Aflatoxin Contamination 

G. Chandrashekharl 

Abstract 

Although India is the largest produr.r ofgroundnuts.her sharein the world ediblegroundnut
tradehasdeclinedsharpiyinthe last lOyears.A persistent deficitin oilseedsproductionresulting
in high groundnut prices in India compared to those troi other producing countries has made
Indiangroundn uts morec.pensi v and less attractie to worrd trade. Apprehensions ofalatoxin
contaminationofgroundnutshave done much less damageto the Indiangroundnuttradethan
have vacillatinggovernnentpolicies. In Indiaselection ofediblegroundnutsLs still done manu
al/v because of the hibh cost of nechanization and investment risk. Yet, Indian gradersare
capableofsuppivinggroundnutsofinternationallyacceptablequality. In the presentsetting,the
impact ofallatoxinincidencein groundnutsis at best nmrginalfur India. Governmentsupportto 
ensure largerexports of/edible groundnutsfrom India at competitive prices is bound to bring
greater awareness and motivation anongst graders to prepare atlatoxin-free high quality
groundnuts for the world market. 

Risum 

Commerce d'arachide en Inde et dans le mnonde-cons6quences de la contamination par les
aflatox'nes : . 7nde est Icplus importantproducteurd'Irachidesdans I" monde. Cependant,sa 
pmt dans to comnerce nondial d'arachidesde bouche a fortement baiss6 pendant ces dix 
derniresannes.laproductiondOi.itaired'okagineuxa augment les prix darachidesen Inde 
par rapportA d 'autrespa v.s producteurset/es ainsirendues tnomns int&essantes au niveau du
coitnerce miodia/L nstahilit9despolitluesgou 'ernetnentales s 'st a virceplus delavorabhe au 
conlnerce indien d arachide que les apprc;hensions concernant la contamnination par les
allatoxines.L.e triage des arachidesde bouche est encore manuel, )cause des coujts 6e1's dc/a
inecanisationet des risques lids AI int'estissenent.Pourtant.h's tr;'ursindiens sont ;) tnne de 
garantirde,% arachies d tlualite acceptable pour Io'xportation. L elot de I'icidence des
aflatoxinesest act luhl/ment encore marginal.L "appuide I-tat en vue de f t'oriserI'exportation
des arachidesde houche i des prix compititiiA pertnettrade sensibileret de motiver les trieurs
indiens A prparerdes arachides exemptes d'afatoxines et de bonne qualit6 destines h 
I'exportation. 

Restimene 

El comercio del cacahuate en la India y con el mundo: Repercusiones de la contaminaci6n con 
aflatoxinas : Aunquc Ia India es el mayor productordcl cacahuate, su participaci6nen el 

1. Secretary, Indian Oil and Produce Exporters Association, 78-79 IBajaj Bhawan, Nariman Point, Bombay 400021, India 

Citation: ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1989. Aflatoxin contamination of groundnut:proceedings of the International Workshop, 6-9 Oct 1987, ICRISAT Center, India. Patancheru, A.P. 502324. India: ICRISAT. 
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comerciomundialdecacahnate conestible hadeclinadoniarcadamient en 1os 61tlimos 10 aims. Eldeficitpersistenteen laproducci6n de oleaginosas ha originadolos altospreciosdo los cacahuates 
en Ia India en coinparacion con otros paises productores, y ha hecho que los cacahnates de laIndia sean tnenos atractivos para el cornercio inundiaL Los temores a la containinacibn conallato.xinasen los cacahtates han liceho mucho inenos daito alcomercio d cacahuates de /a India que las politicas gubernanentalcs vacilantcs. En a India, la selection de los cacahuates conesti
b/es aih se rcali/aen lortna nanual, dcbidoalaltocosto dc/la selccionmccanizada 'e/ riesgodelas inversiones en ste rubro.Sin cmbargo, los clasificadores hindiiespueden se/ecci'onar cacahuatcs dc calidad aceptah/c internacionalmente. En v/ escenarioactual,c/inpacto de la incidenciade allato.'inas en los cacahuates cuando tnucho es marginal dentro dc i India. El apoyo
guhernamntalpara asegurar iay'ores exportacions de cacahuates conestibles dc la India aprecioscoinpetilivos obhgatoriancnte producir.-i una ma vor scnsibilizacin1'motivacinh entreloschasilicadorespatra quecse scleccionen cacahuates de alta calidad lihres de alabo.xinas, para el 
nercado inundial. 

Introduction 

India has been the largest producer of groundnut in the world for the last several years, with anannual production of between 6 and 7 million metric tonnes (unshelled). Groundnut is the mostimportant of the widc variety of oilseed crops grown in India and accounts for 50% of the total 
annual oilseed output of approximately 12 million tonnes. 

Almost all the groundnuts produced in India are used for oil extraction. Its use as a table nut isnot as widespread here as it is in some West Europeaa countries. However, India has tradition
ally been an exporter of handpicked selected (I PS) groundnuts, also known as edible groundnuts. Indian groundnuts are known for their nutty flavor, natural taste, and crunchy texture. 

Recent Events in HPS Groundnut Trade 

The year 1977 marked a watershed in the history of Indian edible groundnut exports. In April
1977 the Government banned export of' IPS groundnuts because of domesticshortagesand thehigh price of edible oil (Table I). The ban closely followed an earlier ban imposed in July 1976, 

Table 1. Export of ha:,dpicked selected groundnuts: changes in Indian Government policy, 1974 to date. 
Year Agency Remarks 
Before Oct 1974 None No official agency
Nov 1974 - Jun 1976 IOPEA' Through IOPEA
.Jul 1976 - Oct 1976 Export banned
Nov 1976 - Mar 1977 IOPEA Ban partially lifted
Apr 1977 - Nov 1978 - -xport hannedDec 1978 - Oct 1982 NAFED 2 

Through NAFEI) and private trade barredOct 1982 onwards Private trade allowed along with NAFEDMay 1984 onwards IOPEA designated as monitoring agency 
I. Indian Oil and Produce Ixporters Awiciation.2 
. National Agricutural Cooriperative Marketing Jcderation. 
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which was partially ilted between November 1976 and March 1977 to permit the export of 
50 000 t. 

The export ban imposed in April 1977 continued until almost the end of )ecember 1978, 
when, to the dismay of private exporters, business was channelled solely through a government
supported cooperative organization, which had little expertise or infrastructure. Private expor
ters, who had so assiduously cultivated lucrative overseas markets, were totally excluded from 
the export business. 

l)uring this period af monopoly of exports through the National Agricu l:ural Cooperative 
Marketing Federation (NAF II)), as the cooperative organization isknown, perforniance on the 
export front pluimmetted. As a result, private trade was reinducted into the export business in 
October 1982. 

)uring the period of export cha nnellirig througi NA[El) froni 1978 to 1982, India lost touch 
with most of her buyeis. The switch-on-switch-off export policy as a result of frequent em bar
goes on export ard the change in exporting agency had a disastrous effect (Table 2). The 
confidence of traditional Indian groundinit buyers like tie United Kingdori, the Netherlands, 
the Federal Republic of Germany, and Japan was thoroughly shaken. Naturally, buyers started 
cultivating more reliable sources of supply. 

-ven as India's export policy was uindergoing frequent changes, major importing countries in 
Western Europe such Is tile Inited Kingdom and the Federal Republic of ierna ny tightened 
their aflatoxin regulations and imposed more stringent standards. As a result if a uniform policy 
for European Economic Community (EEC) members, the acceptable aflatoxin 13,level was 
pegged at a ruaximurn of 5 pg kg 1. 

Although the export control was lifted in 1983, there has not been any significant improve
rnent in India's export performanice. Currently, exports average 20000 t perannum which is less 
than 4"i of the total world trade. 

Moreover the productiol of groundiiLt has itself become unstable owing to persistent 
drought in the principal growing areas. Over the last 6 crop years from 1981/82 to 1986/87 
production has oscillated between 5.0 and 7.3 million t. 

The Saurashtra region of (i uja rat, known as the "groundnLt bowl" of tile country, where 
export-quality groundntits are produced, has been severel y affccte(d h,,! drought. liadequate 
rainrall during tile last 3 years has also led to quality problems, with an increased proportion of' 
shrivelled arnd discolored nuts. For export purposes, it would have been possible to select edible 
grade groundinuts, but only at a high cost because of the need for multiple grading. 

Table 2. Handpicked selected groundnut exports from India, 1974-1987. 

Year Quantitv (t) Agency Year QLIitity (t) Agency 

1974 75 53 200 IOPEA' 1981 82 24000 NAFEID 
1975 76 III 100 IOPI-A 1982 83 32600 NAFED + Trade 
1976 77 132400 IOPEA 1983 84 24 700 NAFED +Trade 
1977 78 - arnned 1984 85 27800 IOPEA 
1978 79 4500 NAIED' 1985 86 8980 IOPEA 
1979 80 23 100 NAFEI) 1986 87 29500 IOPEA 
1980 81 58300 NAI1I) 

1. IO' A Indian (i and I'rdiuct I xporic, A,.ociatiur 
2 NAI.) National Agricultural ci op'rati. c Marketing I',-tration 

41 



The doniestic and international scene has indergone a sea chanp, l'or India during the last fewyears. 13ecatis.- of interiial shortiages, Indiian g rotiun dri it prices are generally high a id e fectivelyprevent large-scale export of edible grou ndntits. Since 19X4, domestic prices have exceededinternational prices by 10 20%. Overseas sales now are largelv confined to the U1SS R. 

Market Competition and Contractual Terms 

Ani important term ol the export contract I'm edible groundnuts relates to quality, including
allatoxin level. At the height of thenr poputlarity, Indian groundunts were traded on "shippedweight and quality final'" condition. i.e., the qtality of e.Xport goods obtained at the time of1 
export shipment was finaill and the shipper sheller w.as contractually not responsihle for lualit\ydeterioration, if anY, occurriing diling transportatint. Such a condition eiTectively shifted therisk atising ouit of possible postharvest coitamtinationi to the buyers. So long as India \wis at thef'orelfront of goirtlldnit expor-ters, buyers werec fotrced to accetde to this condition.

Since the beginning of this declde, tite world groundnut market has been swamped by USA,
the leople's Rtlhlic of ('hina, and Argentina, inl that order. l\tpresent it is tot tincomion tofind major Supplieis %killingto offer' edible grouridnut s on "delivered weight arnd qItality final" 
terms. Ihis change retlects an increaseit market competition amongst exporters who are rnuder pressure lrom iniporters in a htlerls' rirarket, in Spite of tie flact that the importers are firee toappoint ther own suitVe*vors slpt'rittidernts (which irivariahlv they do) to ,veril and be
satisfied about tile uiillity of goods shipped.


It would be possible to cite high prices as tire
single most im1portaneet reasot lor the decline inIndian edible giourndrit exports, bul it is r1ore likely that Indian exports have suffIered because
icombinationof a of f*aclor+s high prices, vacillating government policy, and aflatoxin, with"high prices" being the predominant hictor. Mioreover, the swi tch-oi- s\witch-olf export policyof' tle goverlnlleiir .suIt ig it frequent embargoes or restrictions on export has shaken the

confidence of' traditional huycrs in the continuity of supplies fron India. 

Export Plans 

The Indian Oil and Produce E'xporters Association (IOPEA),is striving to break tiis vicious
circle of sluggish exports, irid lack of' quality assurance, which again leads to low voluies ofexports. The Association is engaged in a ongoing dialog with the Ministry ol'Conrnierce inthe
Government of India to improve export of' Indian IIPS groundnuts.


The target countries identified for mounting a 
 riketing thrust are the United Kingdom, theNetherlands, and tire F'ederal Republic ofiGeriany in the West, aind .Japan itt the East. These
 
mnarkets had once shown prelirence for Indiatn [its.


Market studies conducted h 
IOPIA in western Eu-ope aid Southeast Asia have revealed
that buyers are.not So apprehensive aboLit 
 a];itoxirr coltlriniiiratioi of Indian grtoundiiuts, as

corireeried aboul contiltliyv of 
supplies froll India at Ceoiipetitiv'e prices. Recomtimendatiorshave been trade by tile IC)PEA to Indian policy makers to guarantee a fairly Ion g-terni (5 to 8
years) fixed x.\port policy, 
 and through fiscal suipport, nakL Indian edible grofnditts as
compelitive its those of' say ('hinese or American origiin.

let's turn oLir atltlention to roasted groundnitts. It is comnnion knowledge that roasting redricesthe level of aflatox in ir gronidiinuts. Efforts are aloot iitIndia to develop export narkets for
roasted groundnut kernels. DemandIfor roasted grotundnut ii-shell is also on the increase. One 
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or two major markets have already been identified and it should be possible to service these 
markets with appropriate guarantees regarding aflatoxin. 

According to the planned projection of the government of India, by the year 1990 which 
happens to be the terminal year of India's Seventh Five Year Plan, the aggregate production of
oilseeds will be 18 million t of which groundnut will account for 52% or 9.3 million t. 

At that level of production, India should be in a position to offer for export at least 200 000 t of
edible groundnuts at competitive prices. It is at that stage, in my opinion, that the question of 
aflatoxin will assume significance for the Indian groundnut trade. 

It has been observed in the past that buyers tended to discount Indian groundnuts because of
absence of guarantees regarding aflatoxin. If India hopes to capture a respectable share of the
world edible groundnut market, it will indeed be necessary to introduce right away amongst
farmers and H PS graders such systems and practices as will minimize, and if possible eliminate,
the incidence of aflatoxin. We have identified the following factors as influencing aflatoxin 
formation: 

* drought during pod maturation;
 
* 
 damage caused by insects, pests, and pathogens; 
* del'yed harvesting; and 
* soil temperature between 250 and 27°C during the latter part of growing season.
The Association has already taken steps to educate farmers in Gujarat. We have recom

mended the following: 
* proper sun drying of pods; 
o avoidance of dampness caused by rain; 
* removal of wet seeds; 
* proper storage to ensure moisture level of not more than 8%; and 
* avoidance of high humidity during storage.

Many Gujarat farmers are already aware of the 
problem of aflatoxins and hence take

preventive steps as far as possible. We also plan to introduce the Gujarat practices in Andhra 
Pradesh, another major groundnut-producing state. 

During the last two seasons, the IOPEA has sponsored aflatoxin sample surveys during the
harvest of the winter groundnut crop. Scores of samples are drawn from major groundnut
growing districts and analyzed for aflatoxin. The survey gives a broad indication of the levels of

aflatoxin found in farmers' stock groundnuts drawn from different regions, but it is too early to
 
discuss the results, or to draw any valid conclusions from the survey findings.

Over the next 3 years, the Association hopes to identify specific areas which are less aflatoxin
prone and can produce groundnuts with relatively low aflatoxin contents. 

The package of measures including price competitiveness, long-term export policy, farmers'
education in aflatoxin control, and field surveys, evolved by IOPEA as a part of its overall 
strategy should soon start to yield results. Historically, the aflatoxin problem has been only a 
minor contributor to the failure of Indian exports. Improved export prospects are bound to
result in more serious aflotoxin control efforts including the mechanization of sorting and 
grading. 

43 



Discussion 

RV. Bhat. I still strongly feel that the loss in Indian exports of both ground nuts and 
groundiut extractions is mainly due to allatoxins. The ground n itt extract export has Ia len from 
550000 t salued at Rs X50 billion in 1977 78, to 161 000t valued at Rs 270 billio ill 1985 6:and 
the IlPS from 130000 t in 1977 78 to 20000t in 1985 86. Most buyingcountries will not accept 
a product containing more than 15 pg kgI aliatoxin whatever the price. Another factor is 
transport. Ifyou s'.ant to ship one tonnc of groundnuts Irom Bombay to Rotterdanm it costs [US 
S60 whereas the shipping price is onl\ ['S S3 from Ne\ York to Rotterdam. Because of this high 
price, generally ships of concileince registered in (reece. Malta, or ILiberia arc used. an.d these 
ships are in a bad shape. So although tile Association will cnsurc excellent aflatoxini-frec 
groundnut meal or II I'S groundnttts at the dockside, there is t problem olallatoxin dc\c(ping 
during shipment. 
G. (handrashekhar. I agree. Because of the allatoxin prfoblcll grotundntt extractiolls exports 
harc dwvindled, but that is not the case with\ I PS gltHotIldnltt Cxports that hae.' declined mainly 
because of price disparitv. ()er recent ycars our costs ha\ c been ahout [S S700 75C t I whereas 
the I[S is ,llimlg at S 6010. China at S 550, and Argentilla tIottCs at S 500. All the buyers we have 
approached stated catcgorically that India must compete or price. India is inta position to 
supply grotrldnln s, ith less than 5 pg aflatoxin ki! 1. We Ihave the technology, wc have the 
know-how, \we have the ianpos\,r, ;rrnd s' c hase specialized skilled labor ill (hnjarat and 
Saurashtra. Ihe problem iSto sCll tile groutldnUts at a colmpetitisc price. lf the (o'ernment were 
1t subsidi/c exports. I an sure \%C could ha \C a succCssful cx port trade. We hasc givcr a 5-year 
plan to the (serr in,clt and \c s isualise tihat \%e should easily he able to export 200000 t in the 
next 5 years. if our proposal is accepted. 
i.A. Rarina. Yotu hac said that your orgariratior can supply groumdrurts \with aflatoxin levels 
within the permissible limit. If this has beern ,rne b\ dctoxification, the afilatoxir may again be 
formed Il tile stormiach of the aninal, anid tl,c s tmc problem will arise. What are sour views 
about that.' 
G. (handrashekhar. Ihe luestion Of (dCtoxiicirtiot arises unlv tile in case of grouldnt cake. 
MI\ Orgatlia/ittion promtotes the lse aid export of &roluldtitt kerlels, riot cakc. We are in a 
pistilton select and grade these kernels in such a ssav ,is to ensure that tile allatoxin level is 
limiteu to a maximuml of 5 p kg 1. Basically, its i exporter. I am prepared to guarantee to any 
bu\'cr a suppl 01 ediblc-grade groundrius. with 5 pg atlatuxin kg I or less. And I think as all 
exporter t\ resptrsibilit v should ceasc tile nlorrecnt I dcliscr tile goods to him. 
P. 	 Sthrahnansam. Yu rlerttirled thtt there is it rll\se tot expiort roasted grOUnridntts to 

uropearl countries, \What iS tile siell life of rtalsted grounidruts? 
G. (hand rashek liar. As it matter tl tact.\we hac recommllded to tile (G ernicit that we 
should ha\c it strchltLs irl Rotterdari or !lamlurg. ',end ri'.t gruiidiuts Irom here, get then 
roasteId there of) it contractual batsis. and then supply to th- htutcrs. Iu get tle goids roasted I.cre 
and then ship tier] ss ttld be imre experivsie and dilfictilt. It will he much casier for Lts to get 
Indian grttrldnltus blanche and ltttastcd at tile tcfrscis pttrts oil a contractual basis. The 
question t sihif life doCs It thrCroe arise. 
R.I). (oker. (orncernnug the Increasing ilterest ii itoasted nuts iil shells, it occurs to rue that 
escr\bodv i' cturncerned v,ith trving to control tile qtality of roasted utits. If the ltts remain in 
shell this represents quite i problem because it is very dilficult to sampI ea nut while it is still in 
the shell. Iail nolt Col\ inced that roastinIg grutIrldnUrts reduces aflatoxin levels by any apprccia
ble iIItnunt. [he c'Iniitencv figurc secors ti be aboult 25 30"'. 
C. ('handrashekhat. We sisitcd .apan in June 1987. he Iinit for allatoxirl in Japan is 10 Mg 
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kg'. They ire inporttig S 13 nillion worthI of roasted groundrunts inishell every year, most of
 
them flron the People's Republic ol 'Chillaarid Indonesia. and they claim that they have had no
 
problem so far in Importing roasted nuts in shell.
 
R.I). (oker. lhe problem s,ith quality conitrolofo grolundluts if: shell is that of sampling.
 
(. 'haiidrasheklar. Ihere aire no generally accepted quality specifications for in-shell 

groundnuts. Blusiress is conducted oilthe hasis of samples. If the buyer is satisfied with the 
appearance of the trade sample, he deciles to buy. Somi buYrs shell the in-shll saiples to 
ascertain their allatloxii Ic cl. I he buyer does take some risk in purchasing in-shell nuts. 
Perhaps the ())NRI can help e ol c a suittblC Sampling procedure ftor in-shell nuts. 
R.J. (ole. If v u nter the export market, tire aflatoxiri problemrn is a major consideration. 
With recgalid to the price and qnaLIth\ factor,. when votn s+'end ,aCOlSignment to Europc or 
whernr,thev s,ill riot Ityoranalis.luconsigr iInIt is unacceptable oilthe basis of 
their tests .on ,ill get a telex as to ,hiat o-i\\ll has todo witll 'oU gronLd riuts. So it is otne of 
the IllmtHllpotallillt aspects inl the export market. YOU \will Inor ConII\lCe tle importers, or the 
FAO ftr that rlianter. that aflatoxin is not a problem, as it has been recogtii,,d that it produces 
Iker cancer in selected animals. You may feel that v-oi have been treated unjustly, but if you 
walit to Compete illtie e.\port market \o \will hal'e to accept the conditions operating there. 
(. (hiandrashekhar. \e certafil, do realil'e that atlatoxin is carcin(ogenic. We are ilregular 
touch with bu\rs aind Cnd-risers inlllaljor irnipolting counties. It would be a mistake to think 
that in Ill paper I hae run down the iportanUc Of ;faflatoXin i grourndnut exports. No: far 
from it. What I ha\c said is that ats lar s India Is conIcerned, her exports have been affected riot 
because of high Incidence of aflatoxirl, but because oflhigh price. Indian shellers aire capable of 
preparing edible groundnuts to conform to international standards and we are under rio illustion 
about the iniportance of afhatoxin in grotudritit exports, because We hope to get back into 
busiless shortlv. 
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The Problem of Aflatoxin Contamination of Groundnut
 
and Groundnut Products as seen by the
 

African Groundnut Council
 

B. Coulibaly' 

Abstract 

In member states of the African Groundnut Council (AGC) groundmts are an important
traditionalanod conomic ep.For the past25.years. the problem ofalla toxin has con/ronted thegroundnut industr and AG(; Tlhe economic and commercial problems worsen each year.Alllto.in is a serious constraint to exports particularl in groundnut cake and meal destined for
lit traditionl western luropean nmrkets. Ic nature olthe allatoxin problem is indisputable,
hut its solution invo/hes mtlters of tralc ;in politics as well as scientilic research.

On the hasiS ol scientilic intorniation on Aspcrgiilus flavus and other mvcotoxin-producing
luig,. a'nd despite the controlvrsies, the A('hunched an allatoxin control program in 1975.
Phases I and II hat ve en conpletld with financIal aidt fron the LuiopeanE:conomic Communitv
(F::('() and the IInited 'atins I)ehOclpnent Programmie (lUNDP)and with technical assistantcefront the -ood atnd Agricutlture Orani/atio)nothie lnited Nations (FAQ0). The following results
hate been achietd: (I) stall have been trained to survcy and monitor allatoxin in fields and
laboratories: (2) laboratorics for allatoxin anal'sishave been established and equipped: (3)control measures hate heen identilied: and (4) two pilot detoxificationplants have been con
structed to supplement cultural control measures. 

"1he A (i( onitorscontatcts~ ii Fft'representatives and exporters of/groundnutproducts on
rele ant legishti n and standards and their application.

A sCientiicsolution is not sulficient in itsel/ it can onh' be implemented by the combined
e!qbrts, goodwill, and initiatives of trade, industry, and politicians. 

Risumi6 

Problime de la contamination par I'aflatoxine des arachides et de leurs produits, vu par le Conseil
africain de I'arachide : Dans les Etats membres du Conseil africain de lI'arachide (CAA),
Iaraczhide repr6sente fine production traditionnelle d 7mportance 6conomique. Depuis 25 ans,1Industrie datrachide et Ie ('A A se heurtent au probleme des alatoxines dont les consequences
economiques et commerciales tendent A s'aggraver. La presence des aflatoxines freine lesexportations, en particulier celles des tourteaux et de la farine datrachides destin6s aux march6s 
ouest-europtens. L "llatoxine pose done lit) problme important dont la solution touche nonsettlement ; Ial recherche scientilique mais aussi aux questions commerciales et politiquev.


Malgr; les polkmiquvs soulevces autour du problime, en 1975, le CAA a lanc 
 un programme
fond stir les connaissances scientifiques sur Aspergillus flavus et dautres champignons 

I. fieput Iircc or. Scientfic and lechnological I)epartment-AGC, African Groundnut Council, Trade Fair Complex, lladagry
FxprcsswAay Km 15, PO Box 3025, Lagos, Nigeria. 
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producteursde n 'cotoxines, pourhittercontreI'incidencedes allatoxines.Les Phases l et II ont 
t6 ien&es i, tern grlIce I'appui financier de la Conwna ut economique europeenne (CEE) et 

du Programme des Nations I lnies pour ic dcveloppement (PNIIID). avec /vconcours technique de 
J'Organisation dei Nations lnies pour 'alinientationet l agriculture(FA 0). On peut d~jA) noter 
les acquis suivants : ltOrination du personnel ao contr6le d'alhatoxine aux champs et en 
laboratoire;&tablissemnent et quipement des laboratoires pour Iamalse des allatoxines; 
identification des niesures de lotte; et construction de deix tnitt'spilotes pour/a 16toxification 
alin de completer les inesuresculturalsde lutte. 

Le CAA entretient des contacts avec les reprsentantsde i CEE ct les exportateurs des 
produits arachidiers,en ce quiconcerne Iar4'lementationet Jes normes ainsi que lcur application. 

Une solution scientifique seule tie serait pas suflisante; elle doit etrecompletee par des efforts 
conjugu~sdes industriels. des responsables do commerce et des politiciens. 

Resdmene 

El problema de la contaminaci6n con aflatoxinas del cacaluate y sus derivados, visto por el 
Consejo Africano del Cacahuale: En los estados miembros del Consejo Africano del Cacahu
ate (AGC). el cacahuate es un coltio tradicional veconmiicamente importante. Durante los 
ditinios25 anios, v/ problema de las allatoxinas ha preocupado seriamente a la industria caca
huatera ysal A G(C. Los problemas econ61nicos s comercides resultantes han empeorado cada 
afio. lasalatoxinasson on serio inipedinentopara las exportaciones,especialmente dela torta y 
Ia torta molida de cacahuate destinadas a los inercados tradicionales de Europa. La naturaleza 
delproblema de las atlatoxinases inconvertible,pero su solucitin inc/ovc tanto aspectos comerci
ales .vpoliticos. como de investigachin cientilica. 

En base a i infortnaci~in cientifica disponible sobre Aspergillus flavus s'otros hongos que 
producen icotoxinas..v apesar de las controversias existentes, el A GC inicio un programa de 
control de las aflatoxinas cn 197.5. Las lases I v /1 del mismo se han completado con el apoyo 
financiero de la Cotn unidad FLcon6inica Europea (CEF) y el Prograina de las Naciones Unidas 
para el Desarrollo ((NUI)), y con el apo'yo tcnico de i Organizaciin de las Naciones Unidas 
para Ia Agricultura v la Alitnentacitn (FAO). 

Se han logrado los siguientes resultados: (I) se ha capacitado personal para el muestreo, 
e:tudio y viilancia continua de las allatoxinas. en los campos y laboratorios; (2) se han 
establecido v equipado laboratorios para el an~iisis de alhatoxinas; (3) se han identificado 
medidasde control y (4) se han construido dos plantasexperinentales para eliminar toxims de 
productos alimenticios, como comp/emento de las medidasbasadas en el nejo de los cultivos. 

El AGC mantienc en liria continua contacto con los representantes de la CEE y los 
exportadores de productos derivados de cacahuates. en relaci6n con medidas legislativas rele
vantes y sobre el estindar de calidad y st aplicacion. 

Una solucion cienti/ica no cs suliciente en si; solanente puede ser ejecutada eficazmente 
mnediante los esfuerlos conjuntos, la buena voluntady las iniciativas de los comerciantes, los 
industriales y los politicos preocupados por este problema. 

Introduction
 

Groundnut isconsidered to be an indispensable speculative crop in any socioeconomic develop
ment program undertaken by the member states of the African Groundnut Council (AGC). This 
is due to its importance both as a food crop and an export crop. The problem of aflatoxin 
contamination has been posing agrave economic threat to AGC member states for more than a 
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decade. The situation is becoming increasingly complicated, and aflatoxin contamination also 
has serious implications for the export of such groundnut products as oilseed cake and meal to 
western European markets, the major traditional outlets for AGC products. 

In its attempts to find a solution to aflatoxin contamination, the AGC has faced the problem 
of accurately identifying and quantifying the damage caused by aflatoxin contamination of 
groundnuts in different areas. 

In 1975, the AGC began a permanent control program based on existing scientific knowledge 
of A1swrillus.fljvus and other related toxigenic fungi. The first and second phases of this 
program were carried out with financial assistance from the European Economic Community 
(EEC), and the United Nations Development Programme (UN I)1) and the Food and Agricul
ture Organization of the United Nations (FAO), and resulted in: 

* Training of laboratory assistants and supervisory personnel.
 
* 
 Construction of laboratories with equipment for analysis and determination of nycotox

ins in groundnuts and groundnut products. 
* Evolution of measures to prevent aflatoxin contamination. 
* Establishment of two pilot detoxification plants. 

The AGC, in coordination with tile EEC, is attempting to organize a series of consultations 
between the EEC and exporting countries before further restrictive measures are taken against 
groundnut products. There are many indications that aflatoxin contamination is causing a 
serious problem, necessitating the involvement of both political and diplomatic authorities. 

Aflatoxin Contamination in Groundnut and Groundnut Products 
and its Economic Implications for AGC countries 

The income gene ated by groundnut is of great importance to tile economy of most member 
nations of tile AGC. Groundnuts are important as food, for use in industries, and as exports to 
obtain foreign exchange. The crop is very important to tile small flarmer. 

In some member states of the AGC groundnut is the most strategically important prod uct in 
the economy and is an indispensable element for equilibrium and viability in any socioeconomic 
develpment program, involving considerable human, financial, and technical resources. 

Aflatoxin can occur in organic substrates other than groundnut if they are exposed to the 
causal fungi and conditions are favorable for colonization. There is no specific internationally 
accepted norm or limit for an acceptable aflatoxin content, as each country establishes its own 
norm. Groundnut is unnecessarily discriminated against in favor of other products. The AGC 
annually mobilises about 50% of its human, technical, and financial resources in addressing this 
problem. 

In its search to find a durable solution the AGC needs to accurately identify and quantify in 
different but related areas, the damage to groundnuts incurred by aflatoxin contamination. 

A concerted international effort utilizing the most advanced technology is required to find a 
solution. It is in this context that the present workshop is particularly important to the AGC. 

Aflatoxins and their Toxicity 

Nature of aflatoxin 

The term "aflatoxins" is used to designate a group of organic metabolites, more or less toxic to 
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animals, of certain strains of fungi belonging to the species Aspergillusflavus and A. parasiticus. 
Six allatoxins have been identified: 

aflatoxin B, C , H 1 0 ,2 
aflatoxin B, C7 H, 4 

0 ,
allatoxin G, = C,7 1-1,2 0,
 

=
aflatoxin G, (1,- 1-14 07 
allatoxin M =I4-hydroxyatlatoxin 13, 
aflatoxin M. 4-hVdroxy:rflatoxin 13, 
Detailed studies show that aflatoxin 13,is the most commonly occurring form. All the 

aflatoxins can be toxic at certain concentrations and may cause primary liver cancer in animals 
and humans. They can also cause lack of appetite, loss of weight, haemmorrage, ascites, and 
abortion. Young animals are more sensitive and vulnerable to aflatoxicosis than older ones. 
There are two types of aflatoxin toxicity: direct toxicity, and relay toxicity; both can be acute or 
chronic 

Direct toxicity 

Caused by direct intake of high doses of aflatoxins B1, B,, G,, or G2. 

Relay toxicity 

Occurs when aflatoxins B, or B, are ingested by a mammal which secretes them in the converted 
form as trysin-aflatoxin M, or M, in its milk. 

Controversial issues 

The determination ofa precise, quantified maximum aflatoxin content in foodstuffs has always 
led to differences in opinion between sellers apd buyers; the formerdo not want to suffer unduly, 
and the latter want to avoid taking iny risk. 

Representative samples 

The representative nature of samples isa disputed topic since the distribution ofalfatoxin in lots 
of kernels isgenerally uneven. Usually only a few contaminated kernels contribute to the toxicity 
of the sample. The sampling methods developed to date do not guarantee that samples are 
completely representative. Thus, there is a risk of rejecting a healthy lot or retaining a contami
nated one. Further research is necessary to develop a method that is easily applicable, and 
acceptable to both sellers and buyers. 

Determination of toxicity limits/levels 

Toxicity leve!s determined using certain sensitive species (ducklings and turkey poults) bred 
under laboratory conditions may not be directly applicable to older animals of more resistant 
species living under normal conditions. It iseven more difficult to determine dangerous levels of 
aflatoxin in food destined for consumption by humans. 

It has been proved that the toxicity ofa sample depends on such parameters as the nature of 
the aflatoxin(s) present, the nature and properties of other metabolites present in the sample, the 
species, age, and sex of the animal consuming the sample, the duration of food intake, etc. It 
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follows that there are many areas to be investigated before it is possible to precisely evaluate tie
toxicity limits of mycotoxins, especially those which undergo metabolic transformation of their 
molecules to release biologically active compounds. 

Possibility of dilution 

The aflatoxin level in a given raw material can be lowered to an acceptable level in the end
product by dilution with other ingredients, and this may render efforts towards fixation of 
maximum allatoxin levels futile. 

EEC Directive 74/63 and its Modifications 

Following the EEC Directive 74/63 that is presently in force, the AGC was compelled to invest
heavily in human and financial resources in its fight against aflatoxin contamination, spending
$4 500000 from the EEC, $2000000 from UNDP, and $10000000 in kind including property,
personnel, and services as part of the contribution from all AGC member states. Just when allthese efforts were yielding results, the EEC set new non-tariff obstacles that affect groundnut
and groundnut products. The existing regulation relating to the maximum level of undesirable 
substances in cattle feed that includes groundnut products was modified.


The Directive was enforced with effect from II 
 Feb 1974 (EEC's official Journal no. L-38,
page 31) and the modifications were introduced in 1986 (Official Journal of the European
Community no. L-212, dated 2 Aug 1986). 

EEC Directive 74/63 

The maximum authorized levels ofaflatoxin B, indicated for the final product by the Directive 
are: 

* 	 Simple cattle feed = 50 pg kg-' of aflatoxin B. 
• 	 Composite cattle feed (for oxen, sheep, and goats) = 50 pg kg-' of aflatoxin B,.
* 	 Complementary cattle feed for milcn cows = 20 ug kg-' of aflatoxin B. 
* 	 Other composite cattle feed = 10 /g kg-' of aflatoxin B. 

Modifications to EEC Directive 74/63 

These include: 
a. Extension of EEC Directive 74/63 to include all raw materials coming under the category of 

cattle feed. 
b. A change in the name of the Directive to: Directive of the Council of Undesirable Substances 

and Animal Nutritional Products. 
c. 	Introduction of a new annexe comprising three columns, which are: 

Column : undesirable substances (including aflatoxin B)
Column I1: plant/ vegetable raw materials 
Column Ill: indicates the maximum permissible aflatoxin level at 12% relative humidity (the
limit is 0.2 ppm or 200 pg kg-' for aflatoxin B) 

d. A new article, 3 (a) was included that stipulates:
That the member states can introduce into the market any commodity listed in Annexe (2)
only when the undesirable substances content does not exceed the level fixed in Column 1I1. 
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If.for a given raw material, the undesirable substances content as stipulated in Annexe (2)
exceeds the limit prescribed in the Directive, then it can be brought into the market only ifit is 
accompanied by a document stating: 
* that the raw material is reserved solely for recognized cattle feed dealers;
 
* 
 that the raw material should be given to cattle only after" prior processing/ treatment; and 
* the nature and Ihieeffective content of the undesirable substances. 

e. All countries are at hbertv to unilaterally fix provisory regulations based on safeguard clauses 
regarding tie maximum content of undesirable substances incommodities not covered by the 
Directive; if however the maximum level is fixed, then tile), can reduce it at tile community
level. They must notify tile measures taken and justify them to the Commission, and these 
measures can be applicable only so long as the Commission does not enforce its own statute. 

AGC and the Aflatoxin Problem 

In order to improve tile qialitV of its groundnut products, the AGC has taken up a two-pronged
action: (I) direct action to control allatoxin contamination, (2) participation in dialogue and 
negotiations seeking a consensus to fix a tolerable alla a level in groundnut products. 

Direct Action to Control Aflatoxin Contamination 

!n 1975. in order to combat aflatoxin contamination in groundnut and its products, AGC 
members formulated a Regional Research Program to Control Aflatoxin, which comprises
eight projects. [his program was partly financed by the EEC (US $4.5 million) and UNDP (US 
$2million), while member states contributed US SI0 million. A major part of this finance was 
used to: (I) update laboratories and to produce an aflatoxin map for each member nation; (2)
train personnel in the methodology of sampling and analysis for aflatoxins, and in the detection 
and supervision of infested areas; (3)establish two pilot factories for detoxification, and provide
training, and (4) pay consultants to undertake field studies in order to improve the preventative 
measures taken against aflatoxihl. 

At the national level, efforts are still being made to improve the quality of groundnut and its 
products. The well-established techniques of pneumatic, electronic, and manual sorting facili
tate the separation of seeds visibly damaged by Aslyrillus./avus or other fungi. Industrial 
detoxification of oilseed cakes with ammonia and formaldehyde is thought to be 98% effective. 
The detoxified cake is acceptable in the European market. Apart from the two detoxification 
plants already established in Senegal and Sudan, a third, set up by Senegal with nationally 
allocated funds, became operational in 1983. 

Consultations, dialogues, and negotiations to fix a tolerable level of aflatoxin in groundnut
 
products
 

The AGC held consultations, dialogues, and negotiations with appropriate international 
authorities to fix a level of allatoxin acceptable to sellers, buyers, and consumers. 

Scientific authorities approach. Two groups belonging to this category, i.e., the IUPAC 
mycotoxin group and the R. Tuhant, R. Ferrand, A. Lamine N'Diaye group, both groups are 
particularly experienced in the study of mycotoxins and toxicology and have regularly collabo
rated with the AGC. Professors M. Jemmali and A. Lamine N'Diaye are consultants and 
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advisors to the AGC, and regularly supply up-to-date information on the methods of determin
ing levels of direct and relay toxicity of aflatoxin. 

It 	 must also be mentioned here that the Wolff laboratories in France, and the Research 
Centers of the Departments of Agriculture in Tifton and New Orleans, USA, have often 
conducted training programs and provided consultancy services on aflatoxins at the request of 
the AGC. The Tifton scientists have also freely donated to the AGC, germplasm resistant to 
invasion by A. /lavus. 

Professional authorities approach. In this category, the Federation of Oils, Seeds, and Fats 
Associations (FOSFA) ani the Grains and Feed Trade Association (GAFTA), with their 
headquarters in London, have always helped the AGC in it,-v.orts to study the development 
and practical application of methods ofanalysis, the e,.Juti,.nh of regulations and standards, and 
their interpretation and implication in the field jf animal and human nutrition with special 
reference to mycotoxins. 

International organizations' approach. In its attempts to find other solutions to the aflatoxin 
problem, following the EEC Directive 74/63 that introduced more restrictions, the AGC has 
come to an agreement with the Ambassadors' Committee President (ACP), the EEC, and FAO. 

Since 23 May 1983 (the date on which the modifications to the EEC Directive were 
announced), tile AGC has continually striven towards making the EEC withdraw all constrain
ing modifications from that Directive. Thus, the Ambassadors' Committee President, the 
African Ambassadors' Group President (both in Brussels), and all the Ambassadors of the AGC 
member nations met in Belgium to review the aflatoxin situation; its sanitary, socioeconomic, 
commercial, and legislative implications. This review concentrated on the protectionist and 
discaiminatory character of the EEC modifications. An appeal was made to the diplomatic 
authorities mentioned above to consider the objections made by the AGC to the modifications 
envisaged by the EEC in Directive 74/63. 

Instigated by the AGC, meetings were organized with the Technical Bodies of the ACP and 
the EEC to consider certain pertinent elements before preparing a detailed memorandum of 
aflatoxin problems. During these meetings, the EEC put forward its justification for the 
amendments in the Directive 74/63. It has however, been admittcd that there are dissensions and 
differences within the EEC as to the nature of the product, related to groundnut, which is 
directly affected by the extension of the Directive to all raw materials. 

Following these dialogues, a memorandum entitled: "Determination of the Groundnut 
Situation in the Common Market", was presented to the President of the EEC Commission, 
with the approval of the ACP. This document detailed the ACP stand concerning the proposi
tions of tile new EEC Directive to lower the tolerable level of aflatoxin Bf in cattle feed. 

Following strong protests from different interested parties, the EEC sought to give additional 
explanations to its partners in the ACP on the new proposals, before submitting them for 
approval by the Council of Ministers. 

A meeting of the AGC/ ACP/EEC with scientific experts from different concerned parties, 
was held at Brussels on IFeb 1984. During the discussions, it was proved that the aflatoxin B, 
level as laid down by the EEC is too extreme and far from scientific. The AGC/ ACP group took 
this opportunity to: 
1.propose a level of 400 ,g kg-' instead of 200 pg kg-' (proposed by EEC) for raw materials; 
2. 	 ask for the approval of a well-defined list of raw materials; 
3. 	demand that all accompanying measures included in article 3(a) in the new proposal/Direc

tive be declared null and void, and 
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4. 	see that the following points made by tie A(TP are taken into account before any amendment 
is introduced in the EC Directive 74/63:
* 	 Standardization of.all the measures in each country belonging to the EEC. 
* 	 Exclusion of oilseeds from tile control. 
" 	 Relieve exporters and transporters from expensive obligations and storage problems

incurred by bank insurance to cover goods during shipment.
* 	 Revision and standardization of' methods of sampling and analysis.
" Common definition of the term "Recognised dealer" for all the I:[C members. 

Agreement with the FAO. At 	the 18lh Session of the FAO Intergovernmental Group on
Oilseeds, Oils, and Fats, 20 24 Feb 1984, in Rome the AGC was part of the delegation whichdiscussed tihe proposed modifications to tihe FiC )irective regarding tolerance limits ofundesirable substances (especially aflatoxin lij) in cattle feed. After detailed discussions, theGroup firially eclared that "all legislative regulatory Lueasures ini this field should necessarily bebased on data which cart he verified through reliable means, in order to prevent any unjust harmto tile concerned parties and also to the liberty of international oilseeds commerce".

The Group also asLed IA () to closely follow the international standardization ofnorms so the.Joint Conmittee FAOOMS of tile Codex Alimentarits could fix aflatoxin limits which are
internationally recogni/ed, uniform, an( reasonable. 

Present Requirements of the AGC 
The main objective of the AUC in its c'fnr! t, protect groundnut and its products in the worldmarket in general, and in the FF.C market in particular, is to make the European Parliament
delete any modification in the IEC Directive 74/63 ifit is not related to sanitary protection. Anyother amendment should be discussed in advance with tie concerned pai ties; it should not bedecided unilaterally and arbitrarily by a single party. The following aspects should be considered 
for any acceptable amendment, if it concerns the AGC: 

* 	 Standardization of the tolerance levels across EEC member states.
* 	 Legislation should essentially concern tle finished feed products for different categories ofanimals (ruonogastric, polygastric, young and milch animals); the specific tolerance levels

for these categories presently in force ide EhC Directive 74/63 should be maintained.
* 	 A precise and exhaustive list of raw materials should be made available.
* 	 Prevention of any departure frort the standardization of levels on the pretext of resorting

to safeguards and withdrawal of all accompanying measures.
* Use of standard methods of sampling and analysis accepted by all concerned parties. 

Recommendations 

In order to find a solution to the socioeconomic, scientific, and technical problems posed byaflatoxin contamination of groundnut and its products, action should be embarked 
arid/or improved upon in the following areas:	 

upon 

Research 

0 	 The establishment of groundnut varieties resistant to the fungi causing aflatoxin 
contamination. 
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* 	 The search for techniques aimed at identifying in a precise manner the damage attributable 
solely to aflatoxin contamination. 

" 	 A study of the links that may exist between groundnut contamination and the incidence of 
liver cancer in man. 

* 	 A search for a precise, acute, and accumLtiltive toxicity rate for allatoxin in the metabolism of 
different kinds of animals (monogastric and polygastric). 

* 	 [xamination of allatoxin rclav toxicity in man. 
* 	 Careful assessmiet of tlie financial losses attributable solely to aflatoxin contamination of 

groundrut and its products. 
* 	 The standardi/ation of methods used for sampling, analysis, and determination of the 

mycotoxin content in a manner acceptable to both the seller and the buyer. 
* 	 The improvement of methods used for the direct extraction ofprotein from groundnut for the 

nutrition of young animals and man. 

Implementation of preventive and curative measures 

* 	 Informing the authorities, extension workers, and educating the masses on the danger 
aflatoxin poses to public health and to the economy (involving schools and the mass media). 

* 	 Traiiing and equipping groundnut producers with adapted, resistant genetic materials, 
technical assistance and logistics for harvesting, drying, transportation, and storage opera
tions under conditions aimed at controlling aflatoxin. 

Regulations 

I lie standardizing of regulations and the establishment of international standards foraflatoxins 
and other importa nt mycotoxins. 

55 



Session IV 

Aflatoxins in Groundnut: 
Monitoring and Action at National Level 



Aflatoxin Contamination of Stored Groundnuts 
in Zimbabwe 

A.H. Siwelal and A.D. Caley 2 

Abstract 

Allatoxins were analhicd in groundnuts stored for either local or export sales in the peri:d 
1982/83 to 1986/87. Four hutidred and forty-one samples ofsevcn groundnut varieties were 
collected lor analysis. Sixt'-esdight pet cent ofthe sampies had totalconcentratioM ofaltatoxinii, 
and G, of up to 25 pg kg 1.In the I986/87 groundmt crop. the Flamingo and Makulu Red 
varieties, which constitute the hulk of'export sales, had up to 25pgkg- allatoxih II, in 79%b of the 
samples, plus atlatoxin G, in 6707, of the samples. Overall, the Egret variety was the most 
susceptible to allatoxin contamination during this period. 

Riksumtb 

Contamination des arachides slockies par les aflatoxines au Zimbabwe : Les analyses des 
atlatoxines oit t electucs sir les arachides stockes, destines soit hlavente locale, soit A 
I-xportatio,. au cours de la pbriode allant de 1982/83 h 1986/87. FIes ont porto stir 441 
6chantillons de 7 1'aribt s d'Irichide.l)ans 687,des khantillons, In concentration totale des 
aflatoxines B, ct (, s 'est Nleviv i 25pg kg-1. l)anslar&colte dc 1986/87, les varit&s Flamingo et 
Makulu Red. qui constituent la nlajeure partie des ventes h I'exportation. ont prsent6 ine 
concenltration d "ifatoxineII,allant.jusqut)25,ug kg Idans 79(%,des 6chantillons el de Iaflatoxine 
Gi, dans 67%7,des chantillons. En gencral, Ia varit6 Fgret sest inontre lIaplus sensible h ]a 
contamlination par les allatoxines au cours de cette periode. 

Resaimene 

La contaminaci6n con aflatoxinas en el cacahuate almacenado en Zimbabwe: Se cuantificaron 
afltoxinlas cn cacahuates lhnlacenados para ventas locales ode exportaci6n, durante elperiodo
1982/8. a 1986/87. Se recolectaron 441 muestras de siete variedades de cacahuate, para so 
andlisis.Sesentayochoporcintode las lllcstras tilvieron concentracioes deaflatoxihaB y 0, 
hasta 25pg kg -'. En 1986/87, las variedades Flamingo ),Makulu Red, que constituia'? Ia mlla vor 
parte de las ventas de exportaci6n, tuvieron il contenido hastade 25,ug kg-' de aflatoxinaI1,en 
79%' de las muestras.s,adenis atlatoxinaG, en 6 7(, de las muestras. En general, la variedad Egret 
fuc lIamis susceptible a las contaminacioes con aflatoxinasdurante este periodo. 

I. 	Research Officer, Chemistry and Soil Research Institute, l)epartmcnt of Research and Special Services, Ministry of Lands,
Agriculture, and Rural Resettlement. PO Boux 8100. Causeway, ilararc, Zimbahwe. 2. Research Manager, Grain Marketing Board 
(Zimbabwe), PO Box 8014. Causeway, larare, Zimbabwe. 

Citation: ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1989. Aflatoxin contamination ofgroundnut:
proceedings of the International Workshop, 6-9 Oct 1987, ICRISAT Center, India. Patanchcru, A.P. 502 324, India: ICRISAT. 
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Introduction 

Grouindnut is the third most important oilseed in Zimbahwe, after cotton and soybealn. It is grown throughout the country in both the commercial and peasant sectors. The peasant sector
predominantly produces short-season varietics. i.e., spanish and ,alencia, which ronstit.teabout 25% of thIe collfectiolcry ntis while the commercial sector produces the longer-season 
varieties (ilildebrand 198 )). 

The problem of aflatoxin c- itaminatlol in grollldoluts and other conmmoditics is not new in
Zimhabwe. Investigations of allatoxin Contamination of groundtlils were isalted in 1962
following tlie discoscry by the Veterinary Research Laboratories of two Cases of allatoxicosis in 
poultry. 

Atlatoxin contalination did occur in an appreciable propoltion ot the crop (Hushnull 1965).
Since thenll, results ofa I10-year survev have becn published (du lolt 1977). Sevral interesting
points were raised enabling the prediction of aflatoxin cOllinatliohnl in the /imbabwean
g'orldnlt crop resulting from liffering climatic, scasonll, and aj.runolllic practices. Ii was
shown that the levels of aflatoxins in groilndrtts varied from seasoll to seasonr. When the
end-of-scason rainlall was low, an increase in the levels of aflatoxi conltalinalion of1 the
groundinut crop was observed. Similarly, an increase it: the aflatoxin levels was observed when
irrigation of the gOtlndiit crop was stopped plllmattrely. It was also shown' thatllct aili;i
tion of grotidnuts with allatoxiri increased wheti lilting was (delayed beyon d pod nlaturlit.
Variation of allatoxin lesels in groruldnlts from individual (rain Marketing Hoard ((iM1)
depots were ohscr\ed. (GMlH depots drawing their groundutits from the cooler, htigh-rainlall
areas had grotndntits with less allatoxin contamination than those serving the hotter and drier 
areas. 

To protect the he.alth of the population anrd livestock, a Lode of conduct was introduced 
('lable I), and surveys to monitor afilatoxin levels have continued. No groundnutis are released
by the (MI 3 for use without being analyed for allatoxin 13,and alatixin (j.

In this paper, ve report the analytiwal data from 1982,r83 to 1986i87. 

'able I. Aflatoxin level classifications arid cole of conduct in 
Zinmlbbwe. 

Allatoxin corimcntration (pg kg 1) 
(ategoryi IH (;i 
Negative (N) • 5 • 4 
Low, (I.) 5 10 4 8 
Low, (I.1) 10 25 8 20 
Meditm (M) 25 50 20 40 
Iligh (11) 50 100 40 80 
Very High (VIi) 100 250 80 200 

i I gduil t cttcguvy IIsd hr cxpul, hliiiliaii CIIInptlon, ariid pitry tced. All 
olier c i Igorwi iict htiw ur itockl ueta, dtciermiiicd hV tile Iaximillllln P lrllmi ble 
perceniage ImItiiiiuioil if coni iiitamiid cake (dui Ioil f971). 
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Material and Methods 

A"10-kg random sam ple representing 20 t was reduced to a 500-g working sample for submission 
to our laboratory bv lie (IM 1. he sample was further reduced by the quartering technique 
until aI 00-g suhample was obtained. [his sub-sample was ground to a fine meal of which 50 g 

were usedtfor analysis. 

Extraction 

A 50-g ground sa in ple was extracled wit I a 250 iniLmethanol - water (55:45)solution containing 

3 g sodium chloride. 1he slurry was vigorously stirred and left to stand for 30 mins after which it 

was blended at high speed t 2 nins in the presence of 10) of hexane.inl. lhe slurry was finally 

filtercd, a 2S-nil. aliquot was cxtracted with 25 till. chloroform and evaporated on a steam bath 

to neal drvness. A gentle iitrogen st ramI was uisel to dry the extract. 

Analysis by Thin-Layer Chromatography (TIC) 

[hC residue was redisled in 0.5 il ,chloroform, aind 0.02 inll. spotted on (~, thin-layer 

chromatographic pltcs algsidc authentic aflatoxin standards. The plate was developed first 

in ether and then inl Chloroform #acetonc (9+I) solvent systems. Quantification was achieved by 

visual complrism of fluorescence of standards against samples when viewed under [IV light. 

Confirmatilon of aflatoxin identify was achiced by the sulphuric acid spray method. 

Results and )iscussion 

Iablc 2 show's the in'idence ot allatoxin in confectionery granudnut. In both Tables 2 and 3, 

allitoxin II and aflataxin (1I were totalled and the Category defined by the allatoxin 1, scale. 
Ihe laximuii pCrmissile level in Zitihibsc has been set up at 25,g kg'. From 19X2i, 83 to 

1986 87. iniertcmporal variabilitv in tIhe level of groundnut contamination up to 25pg kg I was 

not significant at the 5'1 level of probability (chi-square test). Ilowever, the incidence of 

contamination at or belowv 5pg kg Ifluctuated from season to season, with the 1982;83 and 

Table 2. Incidence of(iflatoxin in confectionery groundnuts in Zimblbwe froin 1982/83 to 1986/87. 

lola ISa ego rs'lSi orage sar mples in eaceh cam 7)1 

Apr-Mar sampiles N I. ., NI II VII 

1982 83 157 29 7 22 17 15 10 
1983 84 80 56 - 8 8 18 1 
1984 85 19 21 42 5 16 16 
1985 86 61 66 - 13 5 10 6 
1986 87 124 69 2 6 5 II 7 
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1984,!85 crops being the worst 1,fected. The seasons preceeding 1982/83 and 1983/84 wererelatively dry. It is conceivable that the higher levels of contamination occurri:d before storage.)u Toit (1977) showed that groundnut invasion by A. /iavusand subsequent aflatoxin contanination occurred in the crop before lilting. lie f ot0011cvidcnce to indicate that the normalmethods of storage used by either the G M 13otrthe tarming community prcdisp()sC groundouts toaflatoxin cotita1lliat," IHlowever, no rational explanation callhe advanced as to why nodiffcrence is observed whei 25/g kg I is tIakell as the upper limit.Iahle 3 show's the incidence of aflatoxills in different varictics of groundnuts lor the storage,ear 1980 87. 0f the Samples tested, contamination was most freCuenl in the Egret variety withonly 46'i of the samples ait cither 25pg kg i level or below 5 /ug kg i compa red to other varietieswhich varied Irom 07 I1001'7 in the 25lpg kg category alid 53 l10()+'( illtie negative category. Nodelectable lecls of allatoxins were fond in over 501'; of samples of Maktulu Red and [lamingo
varieties which Constitute the bulk oif tie groun(dnut exports.


I hese data represent prelii nary 
 resuIts of all on-going study on the susceptibility of aparticular %aric(y to allatoxin coitamination. Such a study might help persuade producers ofthat variety to switch to oither varietics which are not at risk. We also hope to sample at various(;MiH depots and eventually go to individual suppliers, thus traciig the source of aflatoxin 
contamination. 

Tale 3.Aflitxin incidece in different varieties of groundnuts in Zimbabwe, preliminary survey,
storage year Apr-Mar 1986/87. 

Sanples ill cach calegory ((')\'ariet v samples N I., I., M II VII
Elgret 13 46 8 38 8\'alclcla 
 6 ()).Maktlt Red 15 53 7Spanish 22 59 5 

7 13 7 13 
IN 5I'lirnlingo 9 458 70 3 3 9 9PloverT 2 100tSwallow I 100M ixed Ration 7 72 14 14

All v aricies 124 69 2 6 5 II 7 
I fthituiiilI ihit' I 
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Discussion 

G. (hanndrashekhar. )r Siwela said that lie found high aflatoxin contamination in groundnut 
sanples when rainifall towards the end of the season was low. Thc Indian Oil Producers and 
Exporters Association (I()PIEA) conducted a study in November 1986 when late season rainfall 
was low. In Gijarat over 160 samples were drawn arn( analyzed for aflatoxin and over 70% of the 
samples showed aflatoxin levels of less than 5 pg kg J. 
A.II. Sihela. u)r finding is in line with other workers' results. It is believed that when 
end-of-season ra intall islow, pods may crack due to drought stress or water deficit, and expose 
kernels to direct by ./avtts or A. iarasiicu atnd subsequent aflatoxincontamination ,,A. 
Coll la.llni[llat
on.
 

F.Wialiyar. In Senegal we made similar observations. 
V.K. Menan. I think that the seed invasion problem becomes more severeas drought intensity 
increases. lhe length of the drought period also affects aflatoxin contamination; if drought 
stress occurs -orless than 20 days it may not lead to significant fungal invasion and st-bsequent 
allatoxin contamination, but longer periods result in contam ination. 
.1.11. Williams. I think one needs to also take into account genetic variation in the drought 
response. Some varieties will have 30 to 40('i of seeds infected, others will have only 3% infected. 
So there is very large variation in response to drought. 
N.E. Almed. You have shown us several methods of drying, I would like to know if you have 
any preference? 
A.11. Siwelh. Ihlour methods shown are used routinely inthe country and all tlie methods 
ha'. been Iround adequate they do not predispose groundnuts to allatoxin contamination at 
all. 
R.W. Gibbons. When I was it) Malawi, we did quite a lot of work on different drying methods. 
We fotnd that some of the methods were very effective, particularly the making of hollow 
stacks. 
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Aflatoxin and Aspergillus flavus Contamination
 
Problems of Groundnuts in Zambia
 

J. Kannaiyan', R.S. Sandhu 2, and A.L. Phir 3 

A lstract 

In/ainia,.rciundn t kernels ncantIlcrexport are routely monitored forallatoinCoitatifa
tiuin. Since 1979. 6..V7 o/tile 28410sail;l)k'sanlay/ed had eontanmation levels ofmore than 5,g 
allatoxin kg l.A 2-yearstudy with prcusi.ng varietics rc'ca!:d the variahilitY of A. flavus seed 
in/ection.Secd trcatnenthith IBcnlatev I.ahilitcact 3g kg Iseed was found to control A. flavus 
in grotmdnut seed and can improve crop stand. 

Proiblces lis iIaflatoxine et i A.pergillus flavuschez I'arachide ep Zambie : Fn Zanilic. Is 
gtairw.%d "wrchidede.%tinics i/I'cxpotation subisscnt un controledc routine pour/a contamina
fi,,lf ' tia mncs. Iepuis /979. 6,.?'>des 28 41I clnt illons altalsiwesont presente des tauxjiat ip 
de contamination ,clissant.i g kg 1.Les rcsultatsd'une itude s chnant sur deux ans sur les 
va'ctes prrnletfelises ,nr(pll;cv/ ticcntaininatinvariable grains par A. flavus. L.e traitetdes 

niet ces scmences a.vec IenateilI',uIl.ahilit ,i:raison tc .?g kg 'Ipernlisdc maitriserA.flavus 
dall.s /c'svtllennces tlott en ;aleliormat i /cvt'c des p/ites. 

Resuimenc 

Problemas de contamninacion con aflatoxiias y Aspergillus f7a vus en elcacahuate en Zambia: 
l:n /amnhia, los granos de cacahtiateasgnd,,s aI i xprtai6n. s,,n analilados regularnente 
tara dceterninar.t c tni,h,,a lato.inas.I)esde 1979, el 6..?e> c 28.410 iuestras analladas 

teniln nit ic/,s l nis ,he .,g kg deatlitoxina. UIn estudtio de dos afios conde c,itnlinaei, dce 
tariecladespironledoras revc'hi lian , ariailihad existeitte cn c/grado ,te inll/ccion de la 

s.eil/a,eonAspergillus Ilavus. l1/tratamiento de iscnilh con Bnlate o l.alciiite , a raznde.? 
g Ag ,e emili. ic clic t/ cieont, c/,c A. //atus prcsentc en lasemilla de cacahuate y puede 
mlciorar elestiablcciucnt, clI cultivo. 

I 	 (;film I egulme I'alhnlogm,,t, I aciln I'rvcicc AyriculuIral I)cvclpmcnt iProject.2. Groundnct Ilrcedcr., FAO/Govcrnment of 
Zambi, I)cparlicnt 44 Agriculture, Rccarch Iranch, Msckcra Rcgional Research Station, 1(0 Box 510089, Chipata, Zambia. 
3 Senior tahratiry lchucch an. Iastern ('pcrCl c iri hitncd, P Iox 510108, ('hipata. Zambia.i Ion 

(Ctation IURISA I(1InlcrncaccUri('op%Rcwcarch Itr the Seni-Arid Iropics). 1989. Aflatoxin contamination of groundnut:Intitutc 
proceccding ol the Incrnaltmnal Wm kshuip, ' India.6-9Oct 1987, I(IISA I (enier, Patanchcru, A.P. 502 324, India: ICRISAT. 
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Introduction
 

Groundnut (Arachis h.rlguea L.) is an important food and cash crop in Zambia. Information 
on the climate, cropping areas, production, and cultivation practices of groundnuts in Zambia 
has been reported by Sandhu et al. (1985). Most of the groundnuts produced in Zambia are 
locally consumed, while the quantity exported has been fluctuating. Very little of the crop is used 
for edible oil. M on itori ng kernels for a latox in conta mi nat ion has been limited to export quality
control. Recently, research has also been initiated on infcction of ground nut kernels by Asper
gillu.l/'avus. Allatoxin contamination of kernels is a result of such infection and crops grown
from infected seed sulfer from aflaroot disease. 

Monitoring for Aflatoxin in Export Samples 

Quality control of export materials for aflatoxin contamination is handled by the Eastern 
Co-operative Inion (ECU) ILimited, Chipata, a parastatal organization handling all Zambian 
groundnut kernel exports. From each 100- kg batch of export groundnut kernels, a representa
tive sample of I kg is analyed for aflatoxin content using the Tropical Products Institute's 
methods (Jones 1972). From 197778 to 1985 86,a total of 28 410 samples were analyed. A 
mean of 6.3(' of samples had aflatoxi i contents ofmoic than 5/pg kg I(Table I),and these were 
rejected for export. Locally consumed groundnuts, which are not directly monitored, may well 
have had allatoxin contamination problenis. In the Eastern Province. where most of the
grounidnuts are grown, a number oftcases of suspected aflatoxin-indtLced health problems have 
been observed. IHowever, these cases remain unconfirmed for "w'ant of suitable clinical facilities 
and lack of' awareness of the importance of the al atoxin problem. 

Table I. Frequenci of aflatoxin contamination detected in export
samples of groundnut kernels in Zambia monitored by tie Eastern 
Co-operative Union Limited (ECU ), (hipata, Zanmhia, fromn 1977/78 
to 1985/86. 

Samples containing 
Ilarvest No. samples iested .f5pg kg I allatoxin 

1977 78 9200 3.3 
1978 79 1050 9.5 
1979 8) I060 9.4 
1980 81 3300 3.0 
1981 82 2400 8.3 
1982 83 4900 8.2 
1983 84' 
1984 85 3900 5,1 
IM9886 2600 3.9
 

Oerall 28410 6.3 
I Noucilll in Ihis scir 

66 



Prevalence of A. flavus in Market Samples 

Several samples werc obtained from groundlut kernels sold locally in ('hipata market, a 
Commolllln ilnd infornmal channel for domestic constmption. Fight random samples of the 
predominant ('halimbana cultivar:. were collected from the market in .Jtily 1987; these had been 
harvested in May 1987. Each sanple consistcd of a few replicates each of 100 seeds, and was 
subJected to the standard 'blotter test' (lKIA 1976). Seeds of Chalimhana from Msekera 
Research Station. were used as controls. After incuhation for I weck at room tenipcrattire 
(25'(') the seeds %ereexamined ftr percentage germination and ..flavi.colonmization. 

Fhe results ( I able 2)showed that ,../hvii, was present in all the market samples as well ;is in 
the Chalinihana control. Seed infection of Samples ranged fromli 0.8 to 8.0%7 a.long samples 
while the Chalinhana control had 4.5" of seeds infected. Ihe market samples differed widely in 
sced gciinatiol+ (44 8(f'6) but these differences di not scem to he related to I. /lavius 
coloi/ation. Since .. /aviv was viable itseed of market samples 2 months after harvest, we 
speculate that aflatoxin contamination could further increase if the storage period were 
extended to 6 8 montlis and storage conditions were sub-optitnal (Mehan and Mcl)onald 1983). 

Table 2. Resulls of labora ory screening' inarket samples ofground
nut for germination ((/(,) and Aspergillusflat'us infection (%), Msekera 
Research Station, Zambia,Jul 1987. 

,,f.flavus 
Sample (6ernim,i n ('o ) ilifection (%) 

MS 4 86 6.8 
MS 7 84 2.3 
MS I 59 8.0 
MS 3 58 2.0 
MIS 5 56 0.8 
MS 6 53 3.0 
MS 2 50 0.8 
MS 8 44 6.0 

('ontrol 
Chmlimhbana 56 4.5 

SE -±3.8 ±1.5 

MCa n 60 3.8 
1 koe jlll 

, 
e C,111%~ilol 1"111l it'Flhtilll1ln1+,tCath .1 II00 ,,Ct'b, 

.,'ght'Tostudy if A.lavit. infection differed aimong conmion cultivars of groundnut cultivars 

grown during the 1985 86 ,cason at Msekera Research Station were sampled. Of these, three 
were short-duration types with sniall seeds, while the other five were long-duration types with 
medium to large seeds. Sampling was repeated in the 1986/87 season when seven of the original 
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Table 3. Results of laboratory screening groundnut varieties for germination (%) and A,pergillusflai'us
infection (%), Msekera Research Station, Zambia, 1986 and 1987. 

Variety 

1986 
Germiniation 

(%) 
A..lls 

infection (%) 

1987 
(Germination 

(%) 

.-...lavuls 

infection (%) 
Short duration (snall seed)
Tifspan 
Natal Commonl 
Comet 

97 
95 
87 

I 
10 

I 

86 
75 
81 

8 
5 
0 

Long duration (medium large seed)
Makulu Red 
Egretl 
4a/8/2 

Chalimbana 

94 
91 
90 
79 

14 
5 
4 
I 

73 

70 
55 

3 

0 
4 

Mean 88 7 71 5 
SE ±1.5 ±1. ±2.9 ±0.9 

MIGS-2 69 19 57 17 
1 Not Iewd in 1987. 

eight cultivars were tested, 400 seeds of each being sampled and assessed for A../lavus infection(%) aid germinaiion (%)as described earlier. The results (Table 3):owed that cultivars differedsignificantly in seed germination and +lavusinfection. MGS 2 (M 13), known to he susceptibleto Aflavu.v, had the highest percentage of seed infection by ,A.//a.,s in both years. Germinationwas also lower in this cultivar than in most others. Makulu Red and Natal Common had morethan 10% A../lawts in fection of seeds in 1986, but only 3 5% infection in 1987, probably becausethe storage duration in 1987 was only 2 months compared to 6 months in the previous year.There was no apparent association between crop duration, seed size, and ,..f/ltus infection.These results support the contention of Mchan et al. (1981) that there is a good possibility of'finding varietal resistance to ,..llavus invasion and/or production of aflatoxin in groundnut
seeds. 

Studies on Aflaroot Disease 

AsIVlrgi11us.7lavus inf'ection of groundnut seeds can result in lowered germination, and poorseedling establishment from aflaroot disease (Chohan and Gupta 1968). In Zambia, the sourceof seed for most small-scale farmers is their own previous-season crop that is stored at home. Asseen from the tests on market samples, A..lavus is commonly found in these seeds and it cancause seed rot or seedling disease (aflaroot) both of which affect plant stand in the field. Studieswith the cultivar Chalimbana at Msekera Research Station in the 1983/84 and 1984/85 seasonsshowed that aflaroot disease reduced numbers of pods produced by 70% and kernel yield by
75%. 

68 



Four fungicides were tested for their ability to eradicate A. flaves infection of seeds of 
Chalinmbana. Benlate ' (3g kg Iseed) gave complete eradication and Labilite (3g kg seed) was " -

only slightly less effective. Germination of lienlate'l-treated seeds was better than that of 
nontreated seeds. 

The saime ungicides were tested as seed protectants ihi a field trial in the 1986/87 season. Seed 
treat ment with I[abilite " (active ingredient: 20% thiorplianatc methyl + 50% ailngansites ethylene 
bisodium dithiocarbonate) or lenlate' in,:rcased germination (%), but yields (lid not differ 
significantly betweei treatminlt.s. Fron these studics, it is clear that treating groundnut seed with 
13enlate or l.abilite"Uat a rate of3g kg ' seed would help control .'f ./as'usin fectiori aid enhance 
seed germination. 

For the Future 

Considering the lack of available inforniation, future efforts in Zambia should be directed 
towards the following aspects: 
* 	 Varietal resistance to A./iavs invasion and allatoxin contamination appears to be a 

promising area of research. Assistance from international institutes such as ICR ISAT in the 
form of stable resistant sources that could be tested in the Zambian environment would be 
important. 
T increase arwar reiess of the inrportance of' the allatoxin problem among ftrmners andlo 
constrnners, efforts should he taken to focus their attention on the potential health hazards 
caused by aflatoxin. 
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Discussion
 

J. Kannaiyan. In Zambia we found that pods from untreated plants showed more scarificationof shells than did pods from plants sprayed with fungicides to control foliardiseases. Seeds fromscarified pods were of lower quality than seeds from undamaged pods, and we considered themto pose a greater allatoxin hazard.J.1. Pitt. Concerning your technique for looking for A. /iavus infection, were the kernelssurface sterilized befo re they were plated, or were they plaed without sterilization? 
J. Kannaiyan. lhev were plated Without surf'ace sterilization. We followed the InternationalSeed Testing Association's blotter-test method and the incubation temperatures ranged from 25 
to 30"C'.
J.1. Pitt. To determine seed invasion by A. /?avus it is absolutely essential to surface sterilizethe seed and to plate them on a suitable mediurm because there are always going toA./iavus spores around be straythat have no relevance whatever in terms of .4. lavus invasion or
allatoxin prod uction.
P. Sulrahnianyain. You mentioned that losses from allaroot disease were as high as 70%. Thiscould he ai over-esticiation as we have 'ound losses of" plant stand of"around 25% in WestAfrica. but tile losses in population were not reflected in yield losses because of compensation
effects. 
J. Kannai.an. I agree. We were estiniating loss of plant stand not direci crop yield loss.IHowever, the potential for yield loss ill conditions where compensation is limited is high.J.I. Pitt. Is the disease known as allaroot really die to A.f/lau or to some other pathogen?D. Mlc)onald. In mal%,i parts of the world, and particularly wVhen groundillts are grown onlight sandy soils, crown rot and seedling rots caused bsy ,./'avu's and ,A. ti,,er are of' common
occurrence. Aflaroot is a special case in which tie stra in of'.1aavuscausing tlie seedling disease
is aflatoxigenic. A flatoxins translocated 
within the seedling froi the infection site cause shootchlorosis and root necrosis in diseased plants.K.K. Shreshla. You cienitioned that lienlate " controls A../lavus seed infection. It is true thatany Systeic Inugicide Caln control seedborne diseases, but do you have aliy idea of the aflatoxincontamination in such treated samples whether it is low or high? Ihave examined treated seedof' groundnut aid found it contained a high level of allatoxin. . Kannaiyan. Ireated seeds were not subjected to aflatoxin analysis. We do not know ifallatoxin is increased or decreased by seed treatmcent. Treated seed is meant only for sowing and

not for hunian consumption. 
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Aflatoxin Contamination of Groundnuts:
 
Control Strategies in Malawi
 

C.T. Kisyombe' 

Abstract 

In Mala wi the rains start in Octoberand finish in April so long-duration groundnut cullivars are 
harvestedunderdry conditions. These drytconditionslavor rapid postharvest drying ofground
nut pods thus limiting the opportunity torseedin vasion by Aspergillus flavus and A. parasiticus 
and allatoxin contanination. Altlatoxin contamination of'groundnuts is not a problem in the 
country. However, certain practices used h v snaliholder larmers to process groundnuts in 
readiness lbr sale create conditions that tavor the rapid development of A. Ilavus and 
A. parasiticus and possible allatoxin contamination of groundnuts. 7hese practices include 
moisteninggroundnut pods in order to soften theshell for case ofhandsheling. The Agricultural 
Developnent and MarketingCorporatin (A I)AIA R C) purchases shelled and graded nuts fron 
smallholderfarmers,and electronicallYsorts ad tests the nuts loratlatoxincontanination at the 
Liwonde Groundnut Factory. The process ofthandshelling and handgrading of groundnuts by 
sinallholder t'armers,tollo wed by re-grading,atidaflato.xin testing of/the nuts has earned Malawi 
areputation as asource ofhigh-qualitygroundntts lot the confectionerv trade. Research needs to 
be done to incorporate resistance to A. flavus and A. parasiticus antdalltoxincontaminationin 
the already established commercial cultivars, coupled with education for latrmers on proper 
handling methods fr processing groundttts prior to marketing. 

Risum 

Contamination des arachides par I'aflatoxine et les strategies de lutte au Malawi: Au Malavwi, 
les pluies dM;chtet en octobre et contintent jusqu 'n avril, ainsi les cultivars d arachideAlong 
cycle sont rtcoltcs sous conditions s&'hes. Ceci permet de s6cher les gousses sans grand risque 
d'invasion des graines par Aspergillus flavus et A. parasiticus ainsi que de contamination par les 
allatoxines.Fnn~it, la contamination par les allatoxines ne pose pas de problene au Malawi. 
(Cependant,certaines pratit ties traditionnelles de traitenent de la r6colte avant iavente crbentdes 
conditions qui IA orisent le dvelopptnentrapide de ces microorganisneset une contamination 
6ventuelle parles alatox\ines Pare.xemple.le.s goussessont humecte&s atv dnI'issouplirlIa coque 
pout V d&'orticage manlel. L'Agricultural Development and Marketing Corporat'n (AD-
MA R(" achte hes arachides d&'ortiqluces et trices aupr&.sdes paysans, et les sounet h un triage 

'ctroniqiepo1tircbliminer les arachidescon tamitteset Ades analysesdans son tisine de Liwonde 
Ce processus de d~corticage et de triage manuelspar les paysans suivi d 'un trisuppl~mentaire et 
des analyses des aflatoxines a ailu au Malaiwi tine bonne reputation pour ses arachides d, 
conliserie. II l'dut ties recherches permettant d'incorporer i r6sistance i A. flavus et h A. 

1. Se nior (iroitriditul Pathologist. Ministry of Agriculture aid Natural Resources, Chitedie Agricultural Research Station, P0 Box 158, 
Iiling"e, Malawi. 

Citation: ICR ISAT (International Crops Research Institute for the Semi-Arid Tropics). 1989. Aflat oxin contamination of groundnut: 
proceedings of the International Workshop, 6-9 Oct 1987, I( SAT Center, India. Patancheru, A.P. 502324, India: ICRISAT. 
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parasiticus ainsi qt .1 la contaminationpar /es allatoxinesdans les cultivars commerciox. !1convient galetment de loriner les paysans aux nuthodes tlfficoces de traitement des arachides 
avant la vente. 

Restimene 

La coutaminaci6n del cacahuate con aflatoxinas : Estrategias para para combatirla en MalawiEn Malaiwi, las Iluviasempiezan en octubre v terninan en abril, de maneraque los cultivares decacahuote de largo ciclo vegetativo se cosechan bajo condiciones de estiaje. Estas condicionesfavorecen v/ rtipidosecado en cl periodo postcosecha de las 'ainas, lini;indoseconsecuentemente la oportunidad (Ie invashin de hs seinillaspor Aspergillus flavus v A. parasiticus v suposible contamhiachin con atlatoxinas.La contaminacihin con atlatoxinasde los cacahuates novs probhetna en este pals. Sin embargo,algunasde las pnicticas seguidas por los agricultores enpequeflos preios, en el procesado de los cacahuates previo a so 'enta,cte-an condiciones quefa'orecen el ripido desarrollo de A. flavus v A. parasiticus v so posible contanninacionconailatoxinas.Fstas practicas inc/oven vl hum 'decirmcnto de las vainas dc /os cacahuates, paraahlandarlas ciscarasy lacilitarla remocihin de las mnisns en lwirna manual. La Fmnpresa deDesarrollo*v("onercililacinAgricolas (Agricultural )evehpment and Marketing Corporation, A DMA RC) conpra cacahuatesdescascarados iclasilicadospor los agricultores depvquenios predios, para acon tin acion reclhsi/icar los nlisnos electrcnicamentevelcctoranilisisde socontenido de atlatoxinas, en lIa planta cacahuatcra c Liwonde. hl proceso de descascarar vclasilicar los cacahuates en itrna moanual por parte de hs agricultores de pequenos predios.seguido por la rechlsificacin.vanalisisde so contenido de alatoxinas, ha ganado para Malawi una buena reputaci6n cono una fnente de cacahuates de alta calidad, en /a industria dVtbricaciin de duhes. Se necesita reali/arin vesigaciones para incorporar resistencia gentica aA. flavus v A. parasiticus, y a la contatninaciin con alatoxinas, en los cultivares va comercialmente esta blecidos. sin olt;ineamente con Ia educaciin de los agricultores sobre mitodos adecuados de man io durante el procesamniento de los cacahuates, previo a su en vio al mercado. 

Introduction 

Groundnuts (Arachis h 'pogaea L.) are a rich source of protein in Malawi where they are thefourth most important export crop after tobacco, tea, and sugar and provide 25% of thesmallholder farmers' cash income. Groundnut also supplies 50% of the edible oil requirement.The groundnut tops (haulms) are a rich source of protein for cattle and other livestock when 
used as hay.

The main groundnut cultivars grown in Malawi are long-duration, large-seeded confectionery
types. Chalimbana and the newly released cultivar Chitembana are grown in the plateau areas
(>1000 m altitude) which are cool and moist in the growing season.
 

Mani Pintar, a variety with a variegated red and white testa, and Mawanga, 
a newly releasedcultivar with a variegated pink and white testa, are grown for oil extraction in the mediumaltitude areas (500-1000 m altitude) along the lake shore where it is warm and humid in the 
growing season. 

Malimba is a small-seeded, early-maturing variety suited for hot, humid, low-altitude areas
(<500 m altitude) with erratic rainfall. 
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The objective of teiGround nut Pathology research program isto investigate ways and means 
of increasing the yield and improving the quality of groundmnts through plant disease 
management. 

,,sIer'gillus./iavusLink ex Fries and A. parasiticus Speare reduce the quality ofgroundnuts 
and render them unfit both for human or livestock consumption. To produce nuts of high 
quality it is necessary to prevent ,,./lavusand A.parasiticus from attacking groundnuts (Mercer 
and Kisyombe 1978). E:'mphasis so far has been placed on advising smallholder farmers to follow 
good cultural practices and in particular to take care to dry groundn1uts soon after harvest, and 
in shelling and grading of groundnuts prior to marketing ( Ministry of Agriculture and Natural 
Resources, In press). 

Production, Marketing, and Export 

The groundnut-growing season in Malawi begins in October and ends in April. In the main 
groundnut-producing areas of the country (Fig. I), where more than 70% of the crop is pro
duced, there is no rain after April and the dry weather conditions favor rapid drying of pods. 
However, the disadvantage of drying inthe windrow isthat tie nuts may dry too rapidly and the 
kernels become brittle. Farmers moisten their groundnut pods to make up for tile excessive loss 
inweight and also to soften the groundnut shells so that they are easy to shell by hand. 'Ihe 
Agricultural l)evelopment and Marketing Corporation (ADMARC) purchases kernels by 
weight. 

Farmers are advised to refrain from moistening their nuts. The A DMA RC classifiers reject all 
groundniuts with high moisture contents and those which have a mixture of high- and low-grade 
nuts. Moldy nuts are also rejected by A[)MARC. When a snallholder farmer offers groundnuts 
with high moisture content, he is advised to dry them before selling. Groundnuts are regraded if 
they have a mixture of high- and low-grade nuts. 

(roundnut purchases by AI)MARC from smallholder farmers are divided into grade A, 
the premium (high) grade; and grade B (low) shrivelled and split nuts. Grade A nuts are 
destined for confectionery purposes, and B grades are used either for oil extraction or as 
livestock feed. 

All groundnuts purchased by Al)MARC are transported to the Liwonde Groundnut Factory 
where they are electronically sorted, and debris and other foreign matter are removed. The 
graded nuts are fumigated with either methyl bromide or PhostoxiiV and the groundnut stacks 
are sprayed with pirimiphos methyl (Actellic "') prior to shipment to an importing country 
(Ministry of Agriculture and Natural Resources 1977). 

The Aflatoxin Analysis Laboratory adjacent to the factory takes representative groundnut 
samples from each sack. When the atlatoxin content is high, the groundnuts in the sack are 
regraded and more samples are taken for analysis. 

A groundnut consignment is exported only when it has no or negligible levels (below 5 pg 
kg-'), of aflatoxin contamination. Generally, Malawi groundnuts have no or negligible levels of 
aflatoxin contamination, chiefly because the nuts are shelled and graded by hand. 

Smallholder flarmers are unaware that moistening unshelled groundnuts can lead to contami
nation of the nuts with aflatoxins. However, they are aware that moldy groundnuts result from 
late harvesting and improper drying, and that they lose money if the nuts are of poor quality. 

Groundnut oil is used to prepare cooking oil, margarine, and soap. There is no danger of 
aflatoxin contamination because any aflatoxin present is removed during the oil-extraction 
process in modern oil mills. However, emphasis is placed on production of high quality 
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Figure 	1. Areas of groundnut production and varieties grown in lialawi. 
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groundnuts that can be utilized as seed or for the confectionery trade (Mercer and Kisyombe 
1978). 

Malawi has established itself as a good source of large-seeded groundnuts suitable for the 
confectionery trade. Therefore, research is needed to incorporate resistance to aflatoxin con
tamination in these cultivars (Kisyombe et al. 1985). Smallholder farmers need to be further 
educated by tile Agricultural Extension Services on the harmful effects ofaflatoxin contamina
tion of groundnuts. 

Strategies for the Control of Aflatoxin Contamination 

" Sow groundnuts with the first planting rains to optimize the use of soil moisture for growth 
and to avoid drought late in the growing season. 

" Practice crop rotation to reduce the incidence of soilborne pathogens and possible aflatoxin 
contamination. 

* Harvest when the majority of the pods have attained maturity.
 
" After lifting, (Iry groundnuts rapidly and store them in a clean and dry store.
 
* Do not moisten groundnuts prior to shelling by hand. 
" Avoid using moldly groundnuts and nuts from gleanings for human consumption or livestock 

feed (Pettit 1984). 
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Discussion 

R.C. Nageswara Rao. You mentioned that SAC-58 produced the highest yield in the world 
and also had a high oil percentage. Can you give some figures of yield obtained and oil 
percentage of this variety?
C.T. Kisyombe. The local name for SAC-58 in Mawanga. It yields more than 4000 kg (4 t),
kernels ha-. The maximum oil content is 50%. 
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Status and Management of Aflatoxin in Groundnuts 
in Nigeria 

S.K. Manzo and S.M. Misari' 

A hstract 

.Al Cfillntlitice to coldin/llate acti 'iil n ' fllelh.\in pirfblheni in) .Vigria was efnstiillited it) 1961 
tilh repl'.entllI c'.sI1 'in owr Ilnellcs. I/Ih /ic ,llnltt Itr .' ricultialResearch (IA1R). Zaria. 
the Niwcr,jan it dlw'n 'dut' .'sRec,,etth ln., iiluie (.VNI'R I). ;l lit- \orilhrnl A',gcria A larketing 
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gn' MV aid ilitial ganid 
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,I' I'n i/ic riondnutltl 
('if f/ ti t it'e .axgc uhl'cc the pi'duote 11,. hil ll ii, uiss.oh/ h % '.. NNPRI to look at the 
pi ho/e'n I1n in. Illnc f aolc until lutodute ;ta' c'\po'ttcd (r consumed. ,VNI'l I, ehrcl'ot+, 
ifolntincif' t fiefllrf in .'hetti ' pirain .I.tod/lternineaf/afo.\intlic. l'elort eport.thul '., 

aifon toundnit Avrclf.Altalt hile, /A R mic. t'.t tled tic'tinie ofI ait '1 hJ Aspergillus flavus. 
,and lhi'll. ;en der iihi111i comd it nii p ni/t'Ited all/aii,jn'. . .Ili iliCtpl.a of tenciperatlre 
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IIlund to alioafe C'ed intaI.slllit A. Ila\ s and al l,'1fo \ iII t'ft Iitilnlil oif- rolt/tilli if) Itick 
and lol'e. litI/it i etiter ala.. (I' I/it, Nfoutwl (iullillea .;;ita i t hinh altiaC on, raini sasotns. 
alf/ta.\ i 'o n ilntlination ofleoundnuit.u isl.'. inI a pfsthltCs'.t prohle; iihercas in it ijor 
gf iundiluit-groling vra'.that hie ilt /icfdrier ,\'ittlicri (liuna alid N/atlan Navanna tic problcn is 
Iiit' IltPf fItlll p11111 In.'titaioils and nletting ff/ shfred g'undn tits inerasca/llate'lati'.t'.sct 

It f.\l cnt' lilla t l. 
Rc'%caich inifornmation I'roin IAR aind ,NSPRI still proids te hasis fin rc'nineiidatioisfn 

ilhi' handling of grounnllllt to illillitll if pre ciii /ll '.ii efontaluinaifn. V'getablce oil ind 
ICcdInill conipanics roulineli solmllit their grouinhnut aind other 'ecd niaterials fir allatoxin 
;alha/,sis as Il'er is cret a i at'nes'. Znioii' fi' . pt'fp/c. anewdfirtuctts ,,f/'igria ,,f 
1it' f/anger.. il,f'.c I aalklt,'x\iil to poiultri1. lite.stc. a d liunnins. Nigeria . a onsi 'nator to the 
A fricarl (i0 ,unf/nll ( 'ounti! r.l'sflution if' C.Pirt oilfroundnlits 11host afIltoxili econtet does 
not c'\c'c'd the iaminiiui lictiiis.'.ihclinit ,f 2y)lg Ag IfIr ainial /'Cd set hJ tit' Furopean 
Ftcontllnt" ( otnillitij./ ('(). 

,'tont' of ilt' Cf'olntnic'rc'ialli gitaliil undtiut culilars in rc.'is ant A.f / \ltigeria is to flavus 
asoin alndllal. ni 

sounc. are bcingstrciit'n ll resita.ent' ilare being 

ill I iiitn 'onttillii1 of.t'eeds. Birtedingmaterials Iotii hit/i donestieandexotic 
/u/c oilieritnpr,,icci neinacnit'ntprateiacs 


ist'd or restearchcd.
 

l, otniteaetcr 
/Cs actions c/c little tontte hv pohl'tnc des alito.ines aul Ni ,cri. ('Ct' onlit' regrouwpe des 

Prohlkme et maitrise des aflalmoines au Nigeria : Fn /961 l'lt erf'poutrroorlonner 

I. Ilcad, I)cpar mtcrit o I (rfp I' tcctwfn. IntdI c'def'r I Cgtifc' find ( )i I'ccfis Rt' tmmc., raI R'search.atch PI'gr Iri .IluIc Itit AgricuI I 
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77 



reprsvntant.s de qiatretninistires,et des organisucs dk recherche et de comtnercialisation dont:17nistitute for Agricultural Research (IAR) de Zaria, Ic Nigerian Stored Products ResearchInstitute (AISPRI), et /e Northern Nigeria A tarketint,! Board. ('ce coni it a la responsahiIii
d tvviluvr 'importancedtit problitne d"rlflatoxinesdes arachideset (Pinitierles actionsvisant h son61iminatol ainsi que de Ies coordonner. I7AI R act C'hartg (Ietudier iacontamination depuis aculture.jusqut 'u stlade o6 i production est tcnduepar les paysans. I.eVNSPR t prend Ie rehienexanhuint Ivprohlbltnedepiis le stockage.jusqu ' I"exportationou hi consomniation. A cette fin,Ic 'PRi a Me'C'ttic;des Conttr(/essistcnatjniuvs a/in decdterrninerIv niveai d 'Atlatoxine dansIc'sarachides stockces en put iuides aitant l'expotlalion. I. 'LA R a tidi /Ipoqited'invasion desi'raines d'rachhleptr A spcigi Ius tiavuts. 'uinc j~at. et Ies conditions ainsi que h, muotnent d/ hiproduction des al/ito.\inc.s. d 'Aiutre 1iwrt. I. nteraction des dilleretnts IC/n'iients tVls (fUv lattnupcrature./7tuniditt re/atil e. Ii .%cchercs.e cii 'irn'"u/arit u/cs pluies ainsi iti'Ie iaturitj(fets

phint iv.s ;i I rc'coltv e.\ ccve tine inluenc sit I 'intsionplat A. liaVus ct/a :'ontafniinationpar Ivsa/tolitues dC.e;rlc'/id.%alux cuan/p.S et stocikte. )ains /es rc!gionsti/ts huntides des savanes
slld-litctl,.e;i /olk ,'luic . i.on dcs/ Ip/i(s, hI Contanminatiotn p :.vc p/t.% dc' prohlu/i'esapri's lart;olt, tandu\ quet- dan.s Ic s tord-n,'uuic'c'ti'. vt souldnaisespIu.s sic'h/es Ie problit se 
prodin aiant hi recolie.
 

I 'tni/stItiof; par/e
ls Inscct'. ct 171uc''tation de.%.arachid.s stockics fa uoris'nt a colmiitina
tion par Ic. alato.\ ,n.

Le's ac'quis des re'/htre/hc.. /ItCctucs par / t v NI'SPRI ont pernis de' formulcr fesrcc'iottmttnditiotns slit- ' conditionnem'tt des arachides alin d mininitser oii d'c'mp~eher lacontintintion.I v. 1ahriquc.sd 'uini/ ct d(r' t rrtca.\.soluilt'ttc'ntrc'ulirc'nevnt lcurs araechidcsetaittrc's prodintsux nit sc.,, d'.s lahtoxin.le. pill.isqu l.% soc'ites. hi populition, et IL gotivernenent dii NVita . On ddc' plhs cL pltu. sen.%iuih'.aiix fdatnge'rs e'ncoiiriisparla vokilh,, Is aninuau.xvt / honlme. I v Nigeril cIt un, cO.si.'ignatairc iLe i rht.sohtionraitici par It ('ons'i/ africain de
I 'rac/ihid'. de'c.\portcr uniqtctvent h''.s ataI/hde.'.M(ont Ic'ti'uren 

intltc aiit riscc' It" 201)i 


hiw allatoxines tic' iflpasse pas hi 
g L'iiposc par hi C'"1.


1oilt'. '..vlIartts('. mtt'lt',l'll i .'. 'iracI'hid
aui Nicgrii ..ont sensihes ; 'in vasionprA. flavus't ;i ahi Contamination par h'. alkitoxitncs. ic natcricl en st/'ction ohtcnutc' sources locales eic'.otiquc's est ta/luc pour hi t";lstatc'C. 1 ir's prat itque. cltiuralesan'liorevssont galnivcni
rc'lvinis oii A;/'tudf'. 

Rcstitene 

La situaci6n actual y control de aflatoxinas en el cacahuate en Nigeria : En 1961 se constituv6lift cotnitc pata coirdinar las acc'ion's sobre e/ problena de /as afatoxinas en Nigcria, coltrc'prescntant'.sdfc' cmitroninisterios,v/ Instititod In vestigacionesAgrico/as (IA R), el InstitiitoViLwriatno de Int v..tacibtn .ohrv los I'roductosAtlinactenados (.NSPRI)y '/ Consvj(o de (omcrcia/,iac'iiin dc'e/ Norte ,'d i, tia. 1 'sic cionuitc se Ic asignAj la responsahilidadde evauar amagnitud dc'/ prob/ctna dc his allatoxinas en caca/luates en v/ pais, y tc iniciar i' coordinaraccioict'i ufun'titc's ait cIlihunitcie, t'//A R delfja in Irstigarhl cotttfaminaciliti 'otn aflatoxinasde hi co.'c'ch
tnic'nitra il tcf' 

d
cl

i'cacai/Ilates ha.%.it c/ ttOmlictn i) on itilt' cproduc'o c'ra vendiiopor los agric"llores,,'iR / dchia 'stuiart c'/ proh/tetnia ifc',,fc c' tlotito (fc' ini'iarsc' e/ almlacetia
tnic'nto halasil qic' c plodtucto .s c.\portailo se'consumnoic'ra. F:; ,SlRI. porlo tanto. t'igi/ahadetini n itn'ra ci tontinua has c.('tiha.si'dainacnamltiio, paradeterninar/o.s nitvccs de allitoxinasattc'.sdc Ia c.\portlcit,l dlprioducto.Alientras tanto,c/ /A R investigab . ht velocidadde invasionde /o.s granis dc c'ac'amatc,por Aspergillus flav'us y cuindo ocurria csto. asi como halo qtuccondicioncssc l his(rodufciatn ilatio.\inas. Se c'ncontr- que /as interaccionesentr' tc'lperattura,
hmt'dad t/ativi. scquia. Sitlacionesdc prectitac'idinerritic'a V Ia nadiirc/ del cult' 1o en e/totnnto dce hi cosechla, a ectan /a intc'tsida de h inasitn de la senilla por A. flavuscortitatninatci(i C'on alitoxinas tanto c'n v/ campo, c'otno c'n los a/hacc'nes. Ftt /is partes 

v I 
nus 
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hijinedas de hi sahatia en el stir de (iuinea. que tiene tenmporada.s Ihnviosas prolongadas. ha 
contiminacion con allatoxinasen los liacalmates. es principalhente in probletma tiesplots de I 
cosecha, Inientras t/le en hispricipalesareas lroductorasqie e.tan1) sitoadas en las rebioInes Ireis 
;ecasdel not'ede (ioinea.vhi ,ahana smdnense elpr, hle generalnientees iuis;itloaitesde 
hi eosecha. Las inlestaeiones con instctos t elv/mnitdeiniento de hos ewcahliates ahlnaenados 
auirentanI hi contaillaeititcon allatoxinas. 

La inlotnmaetIin derivada de hl.% in vestwaeiones del IA R v del NS'RI continianproporeio
nando his hases parahis t el nanejo (e los ee.tire /enaeione ate.S, para inininjiaro 
et itar hi contamninaeioin eon alhitoximas. Ias cotnpafltias labricantes t- aecie vegetal i' torta 
alitnienticia para el eanado. itutrnnitceM vian tItr.%tt'tb de Sits eaat'1tes . otros inateriales 
alinelvnticiospar cl ganado, parahi determinaeirin de Sis eiontnidos d' ailhltoxinas, en vista de 
(1uc' e.ist pjtena eoneitneia etitre his eotnpatias, personasygohitrno, de Nit'ria.de los peliros 
qtie eonstit' tenC1i.%allato.inas para las ates. el ganado y los homatos. Nigeria es twno de los 
cosiignatarios de hi resolueicin del ('onsejo A',hieano del (aeawholate, de e.xportar solaniente 

-eael'ioates euvo d o de aliatoxinasno exeede el ]lintepetnisihledet200m, k!jr l/adopor 
la ("onionidad Fconotimnca IForopea(('F).Nitguno tie los cultivates de caealtatesenbrados 

ct'tt'eialhieite"en Nigeria Vs tesistente a lis invasiones de A. flavus ' hi contamninaciintde his 
semillas eon allatoxits. Alateriales genticos, tanto de foentes domtnsticas como ex6ticas, se 
estin probandopara deterninar su resistenciaa'A. flavus. Y tnientrasse utilizan ose in vestigan 
otraspr~a'ticasmnc'ioradas(te mane/o del cultivo. 

Introduction 

Nigeria lies approximately between latitudes 490N and 14°N and longitudes 3E and 140E 
providing a range of climatic conditions and allowing great variation in crops and agricultural 
practices in the different /ones. Variations exist in the total amount and the spread of rainfall 
and the duration of' the rainy season (Table I ). The coastal swamps and forest areas receive the 
highest rainfall (1550 4100 mm an nun - I and have the longest rainy season (250 days). This is 
f*ollowed by the central areas of the country which constitute tile Southern (6 8" N) and 
Northern (8 II'N) Guinea Savannahs. North of the Nort her' Guinea Savannah (10 13' N) lies 
the Sudan Savannah. in the northeastern corner (12 14°N) of"the countrv lies the Sahel 
Savannah. 

Table I. AnoUnt (if rainfall and duration (of rainy season in various ecological zones of Nigeria. 

Length of 
[otal annual .xtent of rainy rainy season 

Fcological /one Latitudes 'N rainfliall (rm) season (days) 
Sahel Sasannah 12 14 500 Jum mid Sep 90 
Sudan Savannah 10 13 500) 900 May .hon Sep Oct 90 130 
Northern Guinea Sau arrnh 8 II 900 1400 mid Apr mid Oct 130 190 
Southern (uinta Savannah 6 8 1000 1650 Apr Oct 190 250 

Rain forest 5 7 1550 2550 Mar Nov 250 

Coastal swamps 4 6 2300 4100 Mar Nov 250 
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In Nigeria, groundnut is grownias far south as tlie Southern (inInea Savannah and as far north 
as the Sahel Savannah. Sowing dates are determined by the onset of the rains (April to mid-June
from souith to north of the country), hut sowing may be delayed because of priority being given
to cereals (for food) over groundunuts. Farly sowing is desirable so thai the crop can mature and
be harvcsted before the end of the rainy season whilst the soil is still moist. Beca se of* the
unpredicta h nature of the raliny season it is not always possible to avoid rain falling
groindnuts that ha 

on 
e been lilted and windlowed ifntle field, this sitiation being llost common 

in tile Southern (uinca Savannah. Such unpredictable Conditions expose the lifted grotindriuts 
to iniction by A.-.wgilhivl/aviv. I.ink ex IlEres ai( lece increase the chances for allatoxii
cont,iniiratiol. Pcasant lrllmers Cillollrt afford ophisticated or costly divling lacilities and
depend on ie stin and wind todry their harvcsted grotlidnut, in the Windrows (t l iniats. In the
Southern (iuinea savainnaih arca \whcre there isconsideraNblC clouIJ covCr a;t lrr sCttime, it is not
al\va.'s p)ssiblC to dry groutidriluts naturally"and rapidly so tile risks of allatoxirl conia[i ination 
are higher than in the drier Sudan aint Northern (uinea Savannalhs where the bulk of Nigeria's
grotdntts are produced. I.. e so\,ing exposcs the crop to the aphid vectors of groundnut
rosette virus disease, anlld requtircs harxcstirg long after the rains have ceased. lhis results in yield
loss due to rosette, poor pod fill, termite attack, ind difficulties in lifting from dry, caked soils.

Early sowing has been recommetded to farmers as aI measure to minimi,e infection of
groundnut by tie groundntit rosette virus disease. While this iiiay solve tie fr)bletii of rosette, it
increases the risk of the groudnut niaturing before the rains stop, which leads to drying
problems and aIgreater risk of A. ./avu. infection and aflatoxin contamination of the seed.

Groundrnut isa very iniportant food and cash crop, especially in the northern parts of Nigeria.
hlcfore the early 1970s, Nigeria was a major exporter of groundnuts, especially to western
Furope. Fhe government of Northern Nigeria and the entire [ederation relied vcryv heavily on
groundnut as a major soiurce of foreign exchange (lable 2). Anything that affected the ground
nut 'ndustry was considered it major threat to the growth and survival of the country's economy
and appropriate action had to be promptly taken to avert that threat. 

Awareness of the Aflatoxin Problem in Nigeria 
A tea in froni the Tropical Products Institute, ILondon, UK, visited Nigeria in 1961 to alert thernation and those concerned with the production and export of groundnuts to the threat posed by
allatoxin, a toxin produnced by the foungus . .//l'tX. The government of tile then Northern
Nigeria iriiediately set up a conlmlittec consisting of representatives from the Ministries of
Agric lt Lre, lcalth, Ainiral and Forest Resources, and Economic Pianring. Included in thiscOliruttee were representatives frorm the Institute for Agricultural Research (IAR), Sariaru, the
Nigerian Stored Products Research Inrstitute (NSPRI) and the Northern Nigeria Marketing
Board (NNMhi). The committee's teriis of reference were to assess the extent of the aflatoxinproblem in the country, and to guide and coordinate action aimed at its elimination. The IAIR,

Samarti was assigned tile responsibility of investigating the aflatoxin 
con tam ination of the

groundnut crop up to the stage where the produce was sold by farnlers, while NSPRI was to

investigate the probleii from the tilie of storage until the produce was exported or consumed.
 

Fungal Contamination before Maturity and Lifting 

Although A../lavus and related species are ubiquitous inl groundnut-growing areas throughout
the world, little was known in Nigeria about field and storage contamination ofgroundnuts, the 
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Table 2. Contribution of groundnuts to Nigeria's foreign trade, 
1961-19781.
 

Total value Value of groundnut Percentage 
of exports products exported of groundnut 

Year (Nm) 2 (Nni) export 

1961 348.0 74.4 21.0 
1962 337.2 77.2 22.0 
1963 379.2 56.4 22.8 
1964 429.2 94.0 21.9 
1965 536.8 106.0 19.8 

1966 568.2 110.3 19.4 
1967 483.6 93.6 21.6 
1968 422.2 104.6 24.8 
1969 636.3 103.4 16.3 
1970 883.4 77.8 8.8 
1971 i293.3 38.8 3.0 
1972 1434.2 35.9 2.5 
1973 2278.4 86.8 3.8 
1974 5794.8 22.2 0.4 
1975 4929.3 0.8 0.01 

1976 6751.1 3.6 0.05 
1977 8673.5 1.9 0.02 
1978 6064.4  0.00 
1. Source: Federal Officc ol Sianiktics 1967. 1975; Central Bank of Nigeria, 1979. 
2. Nm z million Nira. 

conditions that encourage infection by A. flavus, or the production of allatoxin, before the 
reports by Lancaster et il. (1961) and Sergeant et a]. (1961 ). Initial research at IAR centred on 
field infection of groundnut by A../laius and the conditions that favored the infection and the 
production ofaflatoxin from pod development through maturity, harvesting, and drying of the 
nuts. Scientists in the 1960s and 1970s established that several interrelated factors includhig soil 
moisture, temperature and relative humidity strongly influenced A.fla'us infection and devel
opment in groundnut pods before and after harvest (McDonald and Harkness 1964, 1965, 1967).

It was found that the developing groundnut fruit (pod) exerted a strong geocarposphere
effect; P'enicillium ufliCt0lhsim Thon and A. /lawi's were abundant in the geocarposphere,
especially at 15 and 17 weeks after sowing, respectively. As many as 101 propagules g-1 of soil 
were reported from a study of soil populations of A..flavt's. The percentages of ,l.flavtsof the 
mycoflorae of groundnut fields and geocarposphere soil were highest 14- 18 weeks after sowing,
i.e., during the later stages of pod development (McDonald 1969, 1970a, 1976).

Infection of developing pods by A..flavus is not common in Nigeria (McDonald 1970a).
However, from 90 days after sowing (DAS) to maturity, A..flavius was isolated weekly from 
4- 14% of the groundnut shells. Only about 1%of the seed was infected by A../Tavtis during this 
period. 

Invasion of groundnut pods and seed by A.flavus and other fungi usually occurred during
curing when the crop was lifted near maturity (McDonald and Harkness 1964). 
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Fungal Contamination at Maturity and Lifting 

Groundiut pods and seeds were usually free of A./lavuis infection and aflatoxin contamination 
at maturity except when the pods were damaged either mechanically or by soil arthropods
(McDonald 1964, 1976). Following lifting and windrow curing, there was an increase in seed
invasion. Seeds from pods picked shortly after lifting and sundried on mats showed little 
increase in fungal infection during drying. Pods left in the ground after reaching maturity
showed a gradual increase iii fiungal invasion of the seeds. A./hvus. Ilacroplhomnaphaseolina
(lassi) Goid. Penicil/itn spp, and Ftsariun spp were the predominant fungi in shells and seeds,
with .f../lavtus being the most common (M'D)onald 1970a, 1970b, Diener 1973, Diener et al 
1982). 

Even though shells were commonly infested by fungi at normal maturity and lifting, little or 
no A. laviis was found in seed from intact pods (McDonald 1970a, 1970b). When groundnuts 
are grown under drought stressed conditions however, a relatively higher incidence of A..llavus 
infection occurred as the pods approached maturity within the soil (McDonald 1970a). This 
phncmeinon has been confirmed by other workers in the USA (Dickenset al. 1973, Davidson et 
al. 1983). 

Fungal Contamination after Lifting 

Once the groundnut crop is inature, it should be lifted without delay in order to avoid further 
preharvest development of nyCotoxigeniCic fungi in tile pods.


)ata from field tri ,s 
over several years showed that except in broken pods A./flavusdid not 
infect the kernels and aflatoxin did not appear in the groundnut until at least 6 days after lifting
(Mci)ona ld 1966. 1970)). It was suggested (McDonald 1966) that seeds ofgroundnut pods still
attached to the hanis have higher moisture contents than seeds in detached pods and so have 
some resistance to penetration by A. f/alt: but as the seed moisture content drops below a
particular levcl, ard tile seed has passed into a low inetabolic state, tile resistance decreases. The 
death of' the testa during curing and dryirg mav also contribute to this loss of resistance to seed
infection. Seeds in broken ard insect-damaged pods are directly exposed to invasion by
./lavus and other soil fungi (Mcl)onald and Harkness 1965, McDonald 1970b, 1976). The 
quicker ,natural dryiig \was achieved after lilting from the soil, the less was the A.f/lavus infectionarnd aflatoxin contamination and \'ice v'ersa. Ai increase in contamination with A. f/lavus and 
other fungi occurred with passage of tire after lifting, the rate of increase being higher in seeds 
from broken pods (Mcl )onald and I larkness 1964). la ble 3 summarizes the effect of darnage to
the groundnut pods on A.I/laus ard other fungal invasion of the seeds from lifting to drying.

A close look at the relationship of tirie to aflatoxin formation in grourLinuts after lifting has 
also revealed that groundnuts free of the toxin at digging Lu',rairned detectable toxin within 48 h1 
(lampton 1963). Mcl)onald ard A'llrook (1963) found that artificial drying after 4 6 days of 
windrow drying ir tile field resulted in toxin-free seed. but samples left for 8 12 days in 
wind rows before artificial dryinig, or surid ned for 10 16dayvs. \ere iiioide rtely coitariiriated by
aflatoxin (25 500 mg kg-1). In other studies, Mcl)ornald and Ilarkness (1964) found that 
contamination of seed with A.-I/avs and allatoxin did not occur until at least 5 -6days after 
lifting. They also reported (McI)onal and Harkness 1965) more A. lavus and other fungi in 
seed from slowly dried pods attached to plants than frori rapidly dried pods (Table 4). 
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Table 3. Number of groundnut seeds per I00-seed sample contaminated withIAspergillusflavus and other 
fungi from lifting through drying. 

Fungal Contamination of kernels 

Artificially 
At lifting2 At picking Sundried dried 

Pod grade' A.f. O.f. Af. O.f. A.f. 0.1. A.1. O.f. 
PU 0 0 0 1I 7 23 8 
PT 0 I 0 5 3 19 26 12 
1P3B 0 15 0 23 9 36 43 18 
GU 0 3 0 2 0 13 0 20 
GT 0 3 0 7 0 20 4 32 
GB 0 5 0 18 3 35 7 40 
I'U 0 0 0 I I 6 14 31 
PT 0 I 0 II 0 It0 2 24 
I1'1 0 12 0 II 4 32 29 41 
G U 0 I 0 2 0 0 0 51 
GT 0 3 0 2 0 4 8 31 
(ill 0 I 0 5 2 15 17 39 
PI picking%. [ unidimaged pos%. 1 --hioken pods. (0 -C(;h+rng. I zl'iiitel, tlIaiatcd pnd,. 

2 A I ,.-iefg, llui ilaitm .., other IIngi. 
Siiiicc: Mc o)tnald d Ilarkncss 1964, 

Tahle 4. ,.Aspergills fla'US contamination of groundnut seed samples at different limes from lifting 
expressed as percentages of seeds infested. 

I)ays after lifting
 
Pod daniage grades' 
 0 3 4 5 6 II 12 14 21) 21 24 

U1 0 ) 0 0 0 0 I 0 0.5 0.5 0.5 
I 0 0 0 0.3 0 0.5 2 0.5 I ) 1.5 
II 0 0 0 0 0 0.5 3.5 1.5 8 3 6 

I I i tindaiaged pods. I tCriillc-iInhm g..d pods. II hrokctn pods
 
Souirce. Mc ldll 19,5.
 

Effect of Pod Moisture Content and Weather Conditions on Aflatoxin 
Contamination in the Field after Lifting 

High solar radiation and temperature, and low relative humidity have a profound effect on 
endogeocarpic microflora present in fresh mature pods. At lifting, pod and kernel moisture can 
range from as high as 48Ui to below 15 j when d rying occurs within the soil prior to harvest 
(Pettit 1986). Mcl)onald and Harkness (1963) found that when groundntints with high moisture 
contents are lifted and placed in windrows on the soil surface, rapid invasion of the kernels by
A. ./iavuts aid subseq uent allatoxin contamination can occur. This finding has been confirmed 
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by other workers (Bampton 1963, McDonald and A'Brook 1963, Blurrell et al. 1964). Rapidfluctuations in seed moisture content during drying in windrows can result iii aflatoxin contamination, especially when rain falls on partially dried groundnuts (3urrell et al. 1964, Troger et al.1970). Rewetting groundnuts after drying greatly increases the susceptibility of seeds to I.f/lausinfection and aflatoxin contamination (McDonald 1976, IAR 1984). 

Effect of Pest Damage to Pods and Seeds on Contamination by Toxigenic Fungi 
Insects and millipedes may damage groundnut pods prior to lifting and so predispose them toinvasion by A. flavus (Raheja Misari1975, et al. 1980). Pod-scarifying termites suclh as,.lmierme.%' spp, .iuruuernwxv spp, and Oi)/llofr; ,'S spp weaken the pods and render themVulnerable to invasiP1 by A. tlavs anrd other fungi (Feakin 1973). .Iohns-ri and (umcl (1981)reported !hat pod scarification by 1.fit;'Ater/me. h epidU s was more frequent in the drier /ones oftie Sudan Savannah than inthe wetter Southern (uinca Savannah /ones. Pod scarification wasalso more common in dead plants (Perry 1967). Examination of market samples of groundnutsshowed that tile incidence of scarified pods rarely exceeded 51'j, hut that more than 85%'J, of theseeds from scarified pods were infected by fungi (.Johnson and GUiCl 1981).Groundnuts are attacked by about 48 insect species during storage in Nigeria (Cornes 1973).Agboola and Opadokun (1982) reported that the increase in temperature and moisture contentof stored groundnuts brought about insecthy infestation could predispose them to fungalattack. About 31 species of fungi including A t..iavu.s have been isolated from stored groundnuts(Broadbent et al. 1969). This calls for effective pest control in stored groundnuts. 

Varietal Resistance and Aflatoxin Contamination 

McDonald and Harkness (1963) carried out a survey on the 1960 groundnut crop to determinethe extent of toxicity in the cured and dried produce from various locations in Northern Nigeria.There was no definite evidence of any varietal differences and although locations variedconsiderably in numbers of toxin-containated samples and degree of toxicity, this may havebeen due to different curing and drying conditions. The condition of the shell (undamaged,termite-damaged, or broken), is determined at lifting, wvas found to have a marked influence on
seed infection by ,i..tlajvs and other fungi, and 
on aflatoxin contamination.Attempts were made to screen varieties in both the laboratory and the field for pod or seedresistance to invasion by A..fiavt,,s, and to development of aflatoxin. Early trials (McDonald1966) were not successful in identifying good sources of resistance. All lines tested were found tobe susceptible to attack by A. tavs but there were some varietal differences due to testapigments and possibly other factors. Of the short-duration varieties Spanish 205 and NatalCommon had the least kernel infection by Ai.lavtts and other fungi, while of the long-durationvarieties, 48-14 and Samaru 38 were the least infected. Resisiance to seed infection by toxigenicfungi has been linked to specific features cf the testa and pod wall that rctard the pt'netration ofAs'rm,ilhus spp and other fungi. Research in Nigeria has shown that groundnut testae containing high levels of tannins tendcd 
to inhibit the growth of A../iavus , but that once the fungusestablished itself this inhibitory effect was overcome (Carter 1970).Although groundnut varieties resistant to A../iras invasion and aflatoxin formation potentially afford the most effective and economical means of control., the degree of success indeveloping resistant commercial cultivars has not been encouraging (Diener et al. 1982). The 
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sources of resistance developed at ICRISAT in India may provide an answer to the problem,
Several A .flavus-resistant germplasn lines have been received from ICRISATand are Lurrently
being evaluated in Nigeria. Some entries show promising levels of resistarn,: . to locally occurring
aflatoxin-producing strains of A./avus. Furtho~r investigatic-,s are tinder way. Some of these 
accessions will be utilized in breeding programs aimed at developing agronomically acceptable 
A. /iavtus-resistant culivars for Nigerian groundnut-growing areas. 

Aflatoxin Contamination as a Function of Postharvest Quality and
 
Handling of Groundnuts
 

Long before the discovery of allatoxin contamination ot'groundnuiu by A..fiavu s,the Produce 
Inspection L.wvs of Nigeria had already stipulat.d delinte physical quality standards for 
exportable g.rades of ground nuts. ihis followed the conclusive demonstration that sound,
whole, mr'! re ,i,undfnut seeds have a higher quality, and are less easily attacked by pests than 
are defective, broken, or otherwise damaged seeds. "Special grade" groundnut has a whole-seed 
content of at least 70"1, while a whole-seed cort t' as low as 65% was considered "subgrade".
GroundnU %%III] less than 65"1 whole-seed contw vas rejected and given a "no grade" mark. 
The maxinimu perm is,ible content of mineral matter is 0.2%, and of total impurities is 1%. A 
"moldy" nu! content of greater than 0.5('. is not acceptable.
 

Hallidav (19o5) reported that moisture content at 
 the time of purchase in the northern 
gronridnutIt-producing areas of Nigeria is normally low and therefore, the danger of A.flavus 
growth between postharvest drying and receipt into storage is negligible. This was reaffirmed by
Broadbent et al. (1969) who reported that safe storage at a i;,isture content of 3-4% could be 
achieved in the drier areas of the north. In the wetter riverine areas groundnuts are harvested 
under ramv conditions. The moi.oiure content at purchase is very much higher, and the danger of 
,..1/avu.s growth before receipt into storage is consequently higher than in the drier north. It is 
estimated that about 50('i of the burlap bags of groundnuts at the buying stations of the drier 
north contain less than 50 jig kg-i aflatoxin when b:agged. Only about 15-20% of the bags
contain aflatoxin in excess of 250 pg kg-'. The level and incidence of aflatoxin in groundnuts in 
the riverine areas i.:very much higher. A cheap crop drier suitable for the small farmer in these 
areas has been developed (A'Ilrook 1963, 19o4. 1965, McDonald and A'Brook 1963). 

Public Health Implications of Aflatoxin in Groundnuts 

Many staple foods and feeds inNigeria are usually contaminated with mycotoxins (McDonald
1976. Nwokolo and Okon'wo 1978). Groundnut and groundnut products are among the 
high-risk foods because of their susceptibility to contamination by aflatoxin. NSPRI revealed 
that levels of allatoxin ingroundnut cake from the Kano oil mills were low, averaging 250 pg
kg-' with a range of 50 to 1000 mg kg-1. Higher values up to 380 pg kg-1 were however recorded in 
the 1973 drought year (McDonald 1976). The aflatoxin B, levels in groundnut cake ranged froni 
600 to 1100 pig kg-', and ]i crude groundnut oil from 200 to 500juggg-'(Nwokolo and Okonkwe 
1978), showing that the bulk of the aflatoxin remains inthe cake and only a small amount gets
into the oil. The level of aflatoxin 13,was found to be approximately four times that of B, in some 
Nigerian groundnuts (Opadokun 1978). Al alaka (1984) recorded higher levels of theaflatoxins 
B, and B: than the aflatoxins G, and G, in virtually all products and by-products of groundnut
from edible oil-extracting piants and poultry feed mills. The aflatoxin levels in poultry feeds 
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produced in the mills were found to be relatively low, but were considered sufficient to constitute 
a health hazard. 

Aflatoxins may work synergistically with other carcinogens to produce the high incidence of
primary liver cancer in men under the age of40 in Nigeria (Nwokolo and Okonkwo 1978). In the 
Guinea Savannah of Nigeria, there is a high incidence of primary liver cell carcinoma (PLCC)
(Anthony 1977. Fak unle et al. 1977). Recent studies in Nigeria revealed high levels ofaflatoxins 
I3, I3. (i,and G, in sera of patients with PI.CC (Onyemelukwe and Ogbadu 1981, Onveme-
Inkwe et al. 1982). The contribution of foods and feeds to the total aflatoxin load in human 
patients has not been colclsively investigated. However, Abalaka and Eronini (1987) detected
;ismuch as 121) 510 big kg I of aflatoxins 13,, B, Gi,and G, in marketed meat samples in Zaria. 
[his is in excess of the 30 big kg-i limit fixed by the World Health Organization (1979), which 
categori/es these samin ples as unit for hinmn consumption. Since the an al protein intake of 
Nigcrians is on the increase, and since meat derived from animals fed on materials susceptible to 
m.ncotoxin contamination forriis a major bulk of this protein, studies on the levels ofaflatoxin in 
tissues and organs ,laniimals could be helpful in determining the sources of aflatoxin in sera of 
patients with I.CC. The risk is high in ani mals maintained on feeds formulated from 
ruvcottoxir-conutarina ted ingredients (Ahalaka and Elegbede 1982, Abalaka 1984). Though the 
incidence of Iiver cancer ina number of countries has been epidemiologically correlated with 

niycotox in contamination of foods (I.insell and Peers 1977, Krishnamachari et al. 1975), and 
beca use aflato:in prod uces experimental liver turiors in laboratory animals (Lancaster 1968)
the 120 510 .mg kg I levels recorded in market meat samples constitute a significant health 
ha/ard to consumers (Abahaka and Eronini 1987). Earlier investigations by Abalaka and 
Eleghedc (1982) and .\halaka (1984) revealed that edible oils (including groundnut) were 
significantlv contaminated withli alflatoxiins. houglih no direct evidence exists to show that small 
amounts of aflatoxiri constitute a health hazard to man, regular ingestion of minute doses of 
such potent carcinogens from different sources predisposes individuals to other infections or 
modification of' immune systems in favor of hepatitis 1 virus (HBV) (Lutwich 1975).

Recently kwashiorkor and marasrnus have been linked directly to high aflatoxin levels 
normally detected children withinr such conditions (personal communication from Dr G. 
()gbadu, Biochemistry e)partment, Ahmadu Hello University, Zaria). Naturally occuring
;aflatoxirs have been found in Nigerian cowpeas, soyabean, millet, maize, rice, sorghum, and 
cassava (Bassir and tahabtniririi 19 71, McDonald 1976. Nwakolo and Okonkwo 1978, Elegbede
1978, )ada 1979. Opadokun et al. 1980. Nduka and Ogbadu 1980, Salifu 1981, Gbodi et al. 
1986). and inmilk (Opadokun et al. 1980). The fact that wealring cereal foods are often fortified 
with milk powder. and sovabean and groundnut flours calls for caution on the parts of food 
processors, nutritionists, and the general public. 

Management of Aflatoxin in Groundnut 

The following methods that are simple and capable of being understood and applied by the 
Nigerian larrner have evolved from cooperative research efforts in the country.

Groundnut plants should he harvested as soon as the crop is mature and care should be taken 
toavoid damaging tle pods during lifting anrd handling in the field. Broken, damaged. and 
rotten pods should be removed and destroyed. When groundnuts are decorticated before sale, 
attempts should be made to sort Out and destroy discolored and moldy seeds. In areas where the 
crop is harvested under wet conditions, the pods should be picked from the plants within 3 days
o'lifting and stindried to less than 7%','moisture content in shallow layers on mats or on other 
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suitable materials. Alternatively, the pods could be picked and then artificially dried. Dried 
material should be stored carefully and kept dry and free from insect infection and rodent attack. 
Clean, dry, disinfested vehicles adequately protected against accidental wetting should be used 
to transport the crop. 

The high-technology methods of aflatoxin detoxification have not been fully adopted by the 
Nigerian oil mills and food processors, but research work on irradiation (Ogbadu 1979, Ogbadu 
and Bassir 1979, Ogbadu 1980, 1981) and chemical detoxification (Abalaka 1985) has shown 
some promise. 

As a consignatory to the African Groundnut Council's resolution to produce and 'or export 
only groundnut with allatoxin content not exceeding the maximum permissible limit set for 
intra-African trade or the European Economic Community, Nigeria instituted a campaign in 
1964 to inforni farmers about the aflatoxin problem. This has yielded positive results, due to 
implementation of the above recommendations which have remained unchanged and only 
revalidated by later research findings. 

Prospects of Aflatoxin Research in Nigeria 

In view o the importance of groundnut and the potential hazards to man and animals posed y 
aflatoxin, it is clear that Nigeria should continue research on aflatoxin, including the routine 
monitoring of aflatoxin contamination of groundnut and its products. Research on aflatoxin 
will not be limited to groundnuts but will extend to other crops, especially those used for food 
and animal leeds. Limitations in research facilities because of lack of funds currently hinder 
research on aflatoxins and it is hoped that as soon as Nigeria fully recovers from its present 
economic depression, normal research activities will resume. 
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Groundnut Aflatoxin Problems in Tanzania 

M.D. Raya' 

Abstract 

Groundnuts are grown in most parts of Tanzania but the bulk of the crop is grown in the 
southeast of the country. The crop is exclusivel' grown by small-scale farmers mainly for local 
markets. Groundnut research in Tanzania started at Nachingwea in the late 1940s. In early 1970 
with assistance from the Overseas Development Administration (ODA), UK, groundnut research 
work was transferred to Nalicndele, Mt wtara in southeast Tanzania. Apart from alittle research at 
Sokoine University ofAgriculture, Morogoro, most ofthe research work ongroundnut breeding, 
agronomy, and crop protection is done at Naliendele. 

Earlier efforts on crop protection were devoted to foliage diseases and insects. Recently it was 
realized that aflatoxin contamination of groundnut was one of the major factors reducing 
groundnut quality in the country. The National Groundnut Improvement Program has decided 
to start research on the problem to develop effective control measures. 

Rsumi 

Problime des aflatoxines des arachides en Tanzanie: L arachideest cultivbe dans la plupart des 
regionsen Tanzanie, mais surtout dans le sud-est du .ys s 'agitd'uneproduction paysanne qui 
est destine aux marches oeaux. La recherche sur les arachides ad~but6 vers la fin des annLes 40A 
Nachingwea. Au debut de 1970 cette operation a ,transfErEe A Naliendele (Mtiwara) dans le 
sud-est, grice h laippui de I'Overseas Development Authority (ODA) en Grande-Bretagne. 
Dbsormaisla phs grande partiedes recherches sur I 'arachidedans les domaines de laselection, de 
I'agronomieet de la dic n.sc des cultures est entreprise "iNaliendele, " I'exception de certains 
travaux qui sont conduits ,i I'UniversitW de Sokoine (Morogoro). 

Les premi&res recherches sur la defense des cultures ont porte sur les maladies foliaires et les 
insectes. l.a contamination par les allatoxines a r~cemment retenu lattention du fait de la 

r6duction de qualit6 de la production arachidibrc du pavs. Le National Groundnut Improvement 
Program aentamn des recherches pouss~es visant "i6aborerdes mthodes de lutte efficaces. 

La plupart des recherches nationales conduites auparavant 6taient destin6es aux luttes contre 
les maladies foliaires et aux insectes ravageurs. Ce n est que trbs r~cemment qu 'on s'est rendu 
compte de ]'importancede la contamination des arachides par les allatoxines comme un facteur 
limitant /a qualit arachidibre du pa vs. Le Programme national d'am~lioration de l'arachide a 
donc d~cidEd'initierdes recherches approlndies sur ce pro blme afin d 'la borer des strat gies de 

lutte elficaces. A cette fin, les concours de 1'ICRISA Tet du Programme d'appui A la recherche 
collaborative sur I'arachide(CRSP) seront bien accueillis. 

I. Crop Protection F ."ist. Groundnut Improement Programme, Tanzania Agricultural Research Organization (TARO), TARO 
Nalicndele, PO flu ), Mitwara, I aniania. 

Citation: ICRISAT(international Crops Research Institute for the Semi-Arid Tropics). 1989. Aflatoxin contamination of groundnut: 
proceedings of the international Workshop, 6-9 Oct 1987, ICRISAT Center, India. Patancheru, A.P. 502 324, India: ICRISAT. 
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Resunmene 

Problemas de aflatoxinas en el cacahuate en Tanzania : l.os cacahuatesse siembran en casitodas partes de Tanzania, pert) la ma 'orparte del cultivo est, sembradoen la regi6nsureste delpaA. El cultivo es sembrado exclusivamente por agricultores con pequefios predios, principalnente para los mercados locales. Las intestigaciones en Tanzania, sobre el cacahuate, seiniciaron en Nachingivea, a lines de la decada de 1940. A principios de 1970, con a avudade laDirecci6ndel Desarrolloen liltranmar(OierseasDetelopnent A dministration,ODA) del ReinoUnido, se trasladaronlas investigacionessobre el cacahuatea Naliendele,Mtwara,de lTnzania. ()n en elsureste.xcepci6nde una pequefia cantidad de invstigacion que se realiza en laUn'versidad Agricola Sokoine, en Alorogoro, hi navorpartede las investigaciones realizadassobre el mjoramiento geneticodelcavahuate, aspectoo agron6iicos Y laprotecci6n del cultivo se
desarrollan en Naliendele. 

Nuestros primeros eslueros en la proteccion de cultivos fueron dirigidos a enfkrnedadesfoliares c insectos. Racientemente,se evidenci6i que a contanunacidnpor allatoxina del cacahuate era uno de los principales lactoresen la reducci6n de la calidad del cacahuate en el pais. ElPrograrnaNacionalde Mejoramientodelcacahuat, ha decidido iniciaruna cuidadosa investigacion del problerna para desarrollar medidas efectivas de control. La asistencia a nuestro prograna por parte del ICRISA T ' el Programa Colaborativo de Apoyo en la Investigacion delCacahuate(CRSP), ser, bienvenida. 
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Present Status and Perspectives of Aflatoxin Research 
in Mozambique 

E.F. Baquete' and M.J. Freire2 

Abstract 

In Mozambique, there is a highcorrelatio i between the incidence ofprimar" livercancer and the 
consumption of allatoxt-containatedood. Sonic work has been done to assess and minimize 
the allatoxin problem. 

Institutitns such as the Inst ituto Nacionalde Investigaci6n Veterinaria (INI V)and the Labora
,orio Nacionalpara la Higiene de Agua 'Alimentos (LNHAA) are involved in the analysis of 
lood products, tor both aninalsand humans. The main technique used tor determination and 
quantilication of allato.ins is thin layer chromatographyv (I'L C) although high performance
liquid chromatocraph.v (IPIC)is also available at the LNHAA. 

In 1981, 17lood products. conprising a total of.?13 samples were tested and it was found that 
16 samples were contaminated with aflatoxin I,. I0with I.,. 4 with G,.and3 with G,. It was found 
that 87-100(. of the groundnut, beer, rice, and naize samples tested were contaminated. The 
allatoxin contamination levels in thegroundnut samples ranged from 3 to . 5500,ugkg- 1,allatoxin 
Il,. being the main contaminant (('asadei et al. 198I).

An analysis progran is invesiigating the possible correlation between the consumption of 
contaminated food and the possible presence ofallatoxin All in human breast milk. 

The possibility ofltrtherwork in volving the INI I.NHAA, and the Faculdade de Agrono
mia, i/niversidade Eduardo Mondla,,- Groundnut Improiement Project isbeing studied to 
include anagronomic component ai 2,rtulatepracticalrecommendations forsmallfarmers 
and traders. 

Rksum6 

Etat actuel et avenir de la recherche sur les aflatoxines au Mozambique: Au Mozambique, ona 
constat1 une torte corrla tion entre I incidence du cancer hipatiq ueprimaire et la consommation 
d inients containins par les allatoxines. Des 6tudes ont &6 effectu6es en vue dltvaluer et de 
rlduirece probli'me. 

Ies produits alimentaires ieconsommation animale et humaine sont anal'.vss par les orga
nisnes tels que le National Institute1ior V"eterinarvResearch (INI V)et le National Laborato,-v of 
Waterand Food 1.V.,,'n'(INlAA). La principale technique utilisvepour ladctermination et Ic 
dosage des atlatoxine. est la chromamotgraphic en couche mince (FL): I LNHI-AA se sert 
3galcment de la chron at(graphiv Iiq uidc haute perlormance (IHI'. C). 
1.ors d 'ine btuide d "aavscportant ir.?.ur31chantilhusde 17produitsalhinentaires,(Casadeiet

al. (1981) ont trout quc I cchantillonsetaicnt contamninsparI"allato.incII,. It autres parII,. 4 

I 'ctcrmurIIn dud Quiht ,Co'4ntol .Anal ,st. Ndtion~II [,bthordtorf WaiVlcr [1 Postal 2(4 ..\apuho,.ind l'oud F|',grru NIIAAL ('anxa 
%to/airnhiqrt 2 I niiersidade:dt'Asitrrtn't Prolcssor. I duadt Mondlan'. t'acuittldc Irpr nlltdr Agriinonia. (roundnut wi',m 
Proic . II)lR('. (*ill,, 'ostal 257. NLIpuh0 . Mo1dtrhlque 

(itatioI I(SR 15, I (InterrationaJ ( lops Roecarch htititute ft te Semi.Ard Iropic'),. I') AllltoxilcontiInation of groundnut:
piocccdings of theIntcrnational \\,Irkhop. 6-1)(ct 1987.I('i,A I (enter. ndta. Patanchern. A. .502324. India. ICR ISAT. 
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par Ci, e t 3 par G.,. lls ont obsertb que 87- 100e des 6chantillons d'arachide,de bibre,de riz et de 
mais 6taientcontamnins. Les niveaux de contamination dansles echantillonsd 'arachideont vari6 
de 3 ;) 5500 pg kg-' d alatoxines,lallatoxine B, tant /a plus kvIe. 

Un programnw d analysesexamine la correlation 6 ventuelle entre la consommationd'aliments 
conftamines etla presence d aflatoxine Al, dans le lair maternel. 

L 7N1 V. le 1.NHAA et le Groundnut Improvement Project du CRD1/Facult dagronomie,
Universit d'EduardoAlondlane &tudient Ia possihifitr de travaux collaboratifs intbgrant une 
composanted'agronomie.quipermettra la flormulation etl/a mise en wuvre des recommandations 
pratiques pour hes pavsans ct/cs commerCants. 

Resumene 

Estado actual y perspectivas de las investigaciones sobre las aflatoxinas en Mozambique : En 
Molanbique existe una alta correlaci6n entre la incidencia de cincer primario del higado y el 
consumo de alimentos contaminados con allato.inas. Se han realizado algunos trabajos para 
evaluar v minimizarel prohlema de las a/latoxinas. 

Institucionestales como v/ Instituto Nacional de In vestigaciin Veterinaria (IN! V)y el Labora
torio Nacional para l. Iligiene de Agua vAlimentos (LNHAA). realizan anilisis de productos
alimenticios, tanto de consumo animal como humano. La principal tkcnica ernpleada para la 
determinaci6n y cuantilicacitn delas allatoxinaseslacromatografia decapa delgada (TLC), ain 
cuando tambin se dispone de la cromatogralia liquidade aiio rendimiento, en C/LNHAA. 

En un anilis de /7 productos alimenticios. Casadeiet a/ (/ 981), empleando un total de 313 
muestras,encontraron que 16 de stas estaban contaminadas con allatoxina B,. 10 con B., 4 con 
G, y 3 con G'.. Encontroron que 87-100c, dc las muestras dc cacahuate,cerveza, arroz vmaiz 
analzaadas estaban contaminadas. Los muestras de cacahuate oscilaban entre 3 a 5500 pg kg-',
siendo a/latoxina B, el principal contaminante. 

Un programa de anilisis investiga /a posible correlaci~n entre el consumo de alimentos 
containinados v la posible presencia de a/latoxinaAl, en Ia leche materna hunana. 

Se estudia ]a posibilidad de realizar trabajosadicionales, conljuntanente entre el INIV, el 
LNHAA v el Pro ecto d Alevjoramiento del Cacahuate de la UniversidadEduardo Mondlane, 
para incluir un componente agron6mico y para la lormulaci6n de recomendaciones para los 
pequecos agricultores "comerciantes. 

Reference 

Casadei, E., Pereira, C.R.. and Bruheim, S.1982. Contaminacho em aflatoxinas nos produtos de base em Moambique.
Revista Medica de Mozambique 1(I):23-31. 
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Research on Aflatoxin Contamination of Groundnut 
in the People's Republic of China 

Xiao Daren' 

Abstract 

During 1973-77, 1689 samples olgroundnutkernels and I172samples ofgroundnut oiltrn 24 
provinces oftthe l'eoplv Republic ol China were anal 'ed tor contamination with allatoxinB,. 
I'he percentages ot'sample-s containingthe toxin iere26.3 tor kernelsand 47.3 tor oil. Across the 
country as a w'hole the percentaee of/conta itiate, samples decreased with increase in latitude, 
being hwh itsouthern China. moderate in the angt/ va/tv. and low in northern China. The key 
to prc ention olalatoxincontamination was rapi( drying ofgroundtnuts to e/ost /0 ,moisture 
content. Screening groundmut gcrmplasm lor resistance to Aspergillus flavus is in progress. 

Rsumn6 

Recherches sur la contamination des arachides par les aflatoxines en Chine : Au cours de Ia 
pcriode 1973-77, 1689 chant/los degrainesd ,rachiide ct/I 72 chantilons d'luiled' rachide 
prosvenant de 24 pro vince:; d!laR puhliqucpopulaire de Chine ont et3 analyses pour determiner 
la contamination par / 'Ilatoxiue B,. Les pourcentages dlchantillos contenant /a toxine sont 
respectivennt 26.3 pour lsgraines et 47.3 pourI'hule.En gctira. le pourcentaged chantillons 
contamines dinuec en allant vers Icnord: pourcentage clevv dans le suddu pa vs. mo'ven dans Ia 
valle du '"anetke. et faible en Chine septentrionale. La solution propose pour empcher la 
contamination est un sechage rapide des arachidesjusqu ;i une teneur en eau inlrieure i /0?. 

Le.s techniques de criblage des ressources g,nithiues de I'lrachidepour leur rcsistanc. a 
Aspergillus flavus sont en cours d'tude. 

Resinene 

Investigaciones sobre lacontaminacion con aflatoxinas del cacahuate en la Rep6blica Popular 
China : Durante 1973-77. se analiaronpara determinar su grado de contaminaci6n con 
alhatoxinaB, 1689 tnuestras de sevin/las de cacahuate y I/ 72 muestras de aceitc de cacahuatc, 
procedentes de 24 provincia. de Ia Repihlica Popular China. Los porcentaj'cs de muestras 
conteniendo la toxina citada luiton 26.3 para la.s .smillasv47.3 para los aceites. Fn todo e/pais, 
el porcentaic de nuestras contaninadas l/ecrecital autnentar Ialatitud, siendo a/to en el sur de 
China. medianoen el 1'al/c del "angt'e.. htio en clnortedeChina. Elaspectoclavepara evitarla 
contaminacion con allatoxinas tie el ripidosecado de los cacahuates hasta que contuvicran un 
grado de hunedad nenor al 10f. 

La selecciin degermoplavima de caca/tuate para resistancia aAspergillus flavus esti en marcha. 

I Itesearch A si. ri, (iI 'h c h . ofAgr culrtI nst it iutcol ('tops, c..ateeit.i I Sciences, (CA AS), ( mu rid nut Aflatoxin Contamination 
I'rece' t i (ilseeds Wuching. Wuhan. 11uhei. People's Repubhlic of ChinaResearch, Itutiian, 

L'itatin I(R ISA I (Intertnal tonal (rps Research Insttiute for theSenn-Arid Tropics) 1989.Aflatoxin contamination of groundnut: 
pi ceeditngso I(RISAI ('enter.the International Wirkslhop. 6-9Oct 198€7. India. I'atancheru. A.P. 502324. India: ICRISAT. 
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Introduction
 
The contaminmation of foodstuffs by aflatoxins produced by aflatoxigenic strains of Aspergilhs.lavus is a problem that is being taken more and more seriously by people all over the world.Since the discovery of lthe double-ca rcinogenicity ofaflatoxins in the People's Republic of China(Li Mingxin et al. 1979), people are deeply concerned about the possible relationship between•"../'l. il food aid liver cancer, especially as China has a high national incidence of thisdisease. Approximately 100000 people die of liver cancer in China each year, and it is the thirdmost frequent cancer of tie nine that occur in China, after stomach and oesophageal cancers (LiBing anrd I.i Juvao 1980). It has been confirmed that aflatoxins are among the main factorsinducing liier cancer (Wang Yaobing et al. 1983). Conscquently, the Chinese gov'ernnent paysgreat attention to the problem ofaflatoxin colltanliniation, and research in this area receives highpriority. Special cooperative research groups have been set up and many studies have been madeon tile carcinogenicity of aflatoxiris, their occurrence in food, methods to protect food fromlold damage, and detoxification of foods. This paper gives an evaluation of the aflatoxinproblem in groundnut in The People's Republic of .'lina, and indicates how the contamination 

may be prevented. 

Aflatoxin Contamination in Groundnut and Groundnut Oil 

A.Vw'r ilhs . /anvts is very widely distributed in nature, groundnuts can be contaminated byaflatoxin in all parts oftie country, but the levels ofaflatoxin contamination vary depending on
the location and the climate.

From 1973 to 1977, a general survey ofaflatoxin 131contamination in food was made in 24provinces by the Ministry of Public Ifealth of'the People's Republic of China (PHI 1983). More[han 14 000 samples of'mai/e, groundinLt, rice, wheat, and various legumes were analyzed foraflatoxin 3, contaminiation. The contarilination in groundnut samples was 26.3% and ingroundniut oil samples 47.3"1 . The allatoxin Ii contamination was serious in south-central(hina, moderate in cast and northwest China, and rigligible in northeast China (Table I).The percentage of atlatoxin P, contamination gradually decreased as latitude increased.Allatoxin 13rcontamination in ground nut (41.7('i) and groundnut oil (68. 1%)in southern Chinawas high, but there \was almost no contamination in northern China. The climate in southernChina arid in the Yangt/e valley is wavarm and danip, tlie ra infiall is above 750 mm when the 

Table 1. Aflatoxin B, contamination in groundnut and groundnut oil in three regions of the People's
Repuhlic of China, 1973/74. 

Positive sanplesSample Region Latitude Samples (Nunber) (%)
Groundnut seed Northern 39 45"N 33 0 )('entral 24 3I''N 60 18 30.0Southern 21 27"N 528 220 41.7
Groundriul oil °Northern 39 45'N 234 II 4.7Central 24 31°N II 3 29.3Southern 21 270N 533 363 68.1 
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Trable 2. Aflatoxin B, contamination in groundnut and groundnut oil in southern provinces of the 

People's Republic of China, 1973-77. 
llositie samples 

Sample Province Samples (Number) (I') 

Groundrnut seeds Guangdorng 221 46 20.8 
(;haflgxi 528 220 41.7 
Fujian 44 27 61.4 
Flunan 60 18 30.0 
!lubei 48 21 43.8 

Groundnut oil Guangdong 142 125 88.( 
Guangxi 409 399 97.6 
Fujian 27 27 100.(1 

temperature is above 15'C, and the average relative humidity is above 80(;J,; all factors advan

tageous to mold growth. In southern China, groundnuts are therefore easily contaminated by 

aflatoxin after harvest and in storage (Table 2). 
Studies have indicated that aflatoxin contamination could be reducced or prevented, even in 

southern China, by following good c tral practices. In 1976:77, according to a report by the 

Sanitation and Antiepidemic Station oi Guangxi Province the ground nuts grown by prod uction 

teams carrying out the recommended preventive measures did not contain allatoxin 13,or 

contained only low levels. However, aflatoxin BIcontents in groundnuts from production teams 
that did not carry out the preventive measures were several times high',r than the legal limit. 

Permitted Levels of Aflatoxin B, in Food in China 

Based on the present level of aflatoxin contamination in food at home and abroad, and taking 

into account the toxicity and carcinogenicity of aflatoxins to humans and animals, in 1981 the 

Chinese government formally issued the following legal criteria for aflatuxin BI levels in 
different foods : 

Maize, groundnuts, groundnut oil 20 mg kg-' 
Maize and groundnut products (converted raw material) < 20 pg kg-' 

Rice, other edible oils ., 10 mg kg-' 
Other grains, beans, and fermented foods ., 5 ug kg-' 
Infant milk substitutes no detectable aflatoxins. 

Studies on the Relationship between A. flavus Infection and Aflatoxin 
Contamination 

In order to prevent and control aflatoxin contamination it was necessary to understand the 

process by which groundnuts were infected by toxigenic strains of A.flavus. It was found that 

pre- and postharvest stages in crop production were the main periods ef seed infection and 

aflatoxin contamination, but that significant contamination could also occur iii storage. The 

period from harvest to entry into storage was the most important for aflatoxin contamination. 

Sheng Juechen (1979) isolated 299 strains of A..flavus from soil samples taken in groundnut 
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fields in Fujian Pro\'incc, and 146 were found to be aflatoxigenic. Furtherinvestigation showedthat there was a clear pOsitive correlation between the percentage of groundnuts infected byafhatoxigenic A. and the level ofaflatoxin 13,contamination iii groundnut. Ruan Zhenxiand Wu Niaohan (1985) found that 67(%- of the aflatoxin contamination in ground nuts occurredbefore harves; and that aflatoxin 13,contents ranged from 12.5 to 200 ug kg-i. The level ofaflatoxin B,1 contamlination increased if the pods could not be dried rapidly after harvest. TheMoldproof and lDctoxicating Cooperative Group of Fujian ProvinceA/iat'tt1 invasion 01 groundnut seed! 
(197-1) reported 22%before harvest under drought-stress conditions, but only4 'iin seeds fromn norindrought-stircssed crop. After 2 3 days of posthlrvest drying ]ithe sun,the percentage of.seds infected Iy .. Iaius showed a slight increase when their moisturecontents were 7 Vi, but a significantly greater increase when seed moisture content was 8-9%'after 5 6 day's drying in the shade. They pointed out that percentage seed infection reached amaximun before storage. Therefore, the best way of preventing or reducing aflh toxin contanmination in grou ri nut is to dry t ie product as rapidl as p('ssible after harvest.It is also importar,t to store grounditr ts in shell. According to a study by Xt Huaiyou and LiRongtao (1983) seeds, especially those shellcd by machine, arc more contaminated with aflatoxil 13,than tnose left irtie pods. Xu Huaivou and L.i Rongtao ( 198c) observed that the seedtesta of grorndiiut had a very irnport,.nt function inpreventing infection by A.flia'us. Thedetected percentage of A. ialvus inside the seed was reduced by 32 74(' because ofthe protection

of the testa.
It is therefore important to avoid drought stress before harvest, to dry rapidly after harvest,and t(store groundnuts in shell at low moisture content and at low temperature. 

Coi relation between Aflatoxin B, Content and A. flat'us Invasion in Stored
Groundnuts 

Ina study of the correlation between the aflatoxin B,content of seed, and percentage A.flavus, Iection of groundnut sc.-ds in storage, it was shown that the aflatoxin B,content did no vary%kiththe oetected percentage of A. /.larusin seeds (Table 3). 

Table 3. Correlation between aflatoxin R, content and Aspergillusflavus detected (%) in groundnutsstored in Sichuan and Shandong Provinces of the People's fRep'iblit of China. 

Detected ..
1./lavt. (C)
Locatior, Seed surface Inside seed 

Aflatoxin B, 
content(mg kg-i) 

Sichuan Province
Neijian 
Neijian 
Ni iian 
Ziyang 
Ziyvang 
Ziyang 

68.0 
12.0 
8.0 

32.0 
6.0 

32.0 

100.0 
0 
0 

66.0 
2.0 

100.0 

12.5 
7.8 
5.8 
9.5 
6.7 
3.0 

Siandong ProvinceQixia 
Jiaonan 

64.0 
80.0 

10.0 
84.0 

16.7 
2.7 
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There was no correlation between aflatoxin B, content of seed and the percentage of seeds 
infected by atlatoxigenic A../lavus (Table 4). This might be due to a critical moisture content 
needed for production ofaflatoxin. If the moisture content of stored groundnuts is less than 10%
and the storage temperature is low, even though there are many spores of A..flavls on the 
groundnut there will not be serious aflatoxin contamination. It is possible that, because there are 
many fungi, bacteria, and actinomycetes on the seed surfaces, there may be antagonism among
these microorganisms under natural conditions. The Food School of Zhengzhou reported that 
when rice was inoculated with A.flavus alone its aflatoxin B, content was 40000 j.g kg-', but 
when inoculated with A. Iitnigaius. A. nti/lans, A. niger, and Penicillium islandicumn in 
addition to A..flavus, its aflatoxin B, content was only 200 mg kg-'. 

Table 4. Correlation between aflatoxin B,content and groundnut seed infected byAspergillusflavus(%)
in the Xiamen region of the People's Republic of China. 

Seeds infected ( j 100 grains -') Aflatoxin 13, 
contentLocation (County) .,I../lavus Aflatoxigenic A./lavu.% (,ug kg-') 

Jiangtou 27 17.0 20
.i:a;,gtou 12 5.5 50
Jiangtou 15 6.0 75
Xinlin 31 16.0 75
Tongan 34 6.5 8
Tongan 24 13.0 25
Tongan 20 12.0 500 

Breeding .for Resistance to A. flavus and Aflatoxin Production in Groundriut 

Good results have been attained in preventing mold growth on groundnut, and on detoxification 
of groundnuts and groundnut products in China, especially by removing aflatoxin B, from
groundnut oil. But the best approach to prevent and control aflatoxin contamination is by
utilizing genetic resistance to select or breed cultivars that resist seed infection by A. flavus 
and or aflatoxin production. In 1987, work on breeding resistant groundnut cultivars was 
initiated at the Institute of Oil Crops of the Chinese Academy of Agricultural Sciences with 
financial aid from the National Natural Science Foundation of China (NSFC) and the Science 
and Technology Committee of Hubei Province. Screening germplasm for resistance to A.flavus 
is in progress. In view of the abundant germplasm resources in China, it is hoped that selection 
and breeding of groundnut cultivars with resistance to aflatoxin contamination will make rapid 
progress. 
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Aflatoxin Contamination of Groundnuts at the Post
production Level of Operation in the Philippines 

R. Quitco, L. Bautista, and C.Bautista' 

Abstract 

The results ofsurveys in the Philippines have shown that the farm level aflatoxin significantly 

increasedfrom harvest to larmstorage during the main cropping season. At harvest, groundnuts 

contained, on average.3. 16 pg kg-' allatoxin. )uring windrowing, aflatoxin levels increased at 

the rate o1fI. 5/g kg-' per day. In farm storage allatoxincontamination continued to increase at 

the rate of 1.4 pg kg - per day. A flatoxin contamination was significantly higher during the main 

cropping season than the second croppingseason. 

A t the traders 'level, groundnut samples taken front various middlemen contained35.0 pg kg-' 

allatoxin. On the other hand, samples taken fron the wholesalers'newly procured groundnuts 

allatoxin. Groundnuts that had been in the wholesalers' warehouse forcontained 188,pg kg' 
more than 3 months contained 275 pg kg' allatoxin. 

At the processors' level. rati materials for confectioner' groundnuts (roasted and fried) 

contained 7.73/pg aflatoxin kg Igroundnuts intended lor peanut butter contained 17.13 pg kg-', 

and rejected groundnuts had 120.6 pg kg-'. 
Allatoxin contamination could start duringharvest. Aflatoxin content climbed to a signifi

cantl' high level during trade and processing. This continued increase was attributed to insuffi

cient drying ofgroundnuts after harvest. 

Risum 

Pendant laContamination des arachides par les aflatoxines apris la ricolte aux Philippines : 


principale campagne agricole. le taux d afTatoxine augmente significativemnent entre la r6colte et
 

le stockage sur Ie.,xploitation. Les arachides rcoltes ont line teneur movenne de 3,16,pg kg' 
-' parjour pendant le sbchage end'aflatoxine. C pourcentage progresse ;) raison de 1,5 pg kg

andains. Lors du stockage, la contamination continue ; augmenter i raison de 1,4 pg kg-' par 

jour. La contamination est significativement supbrieure pendant la campagne principale par 

rapport i la deuxime c:'mpagne. 
Au nit'eau du commerce, des chantillons d'-rachides collect s auprbs de plusieurs interm

diaires prtsentent une teneur de 35.0 ug kg-' d'i7atoxine. Par contre, /es chantillons des 

nouvelles arachides recucillis auprs des grossistes contiennent 188 pg kg-' d'alfatoxine. Les 

pendant plus de trois mois dans les entrep6ts des grossistes contienarachides avant &t stocke 
nent 275 pg kg-' dtfatoxine. 

En cc qui concerne le traitement industriel, les taux d'alatoxinesont les suivants : la mati~re 

premibre pour les arachides de confiserie (grilkes et frites), 7,73 pg kg-': les arachides destinies h 

la production de beurre, 17,13 pg kg-': les arachides rejet~es 120,6 pg kg-'. 

I. Research Associate, Research Assistant, and Chernist, National Post Harvest Institute for Research and Extension (NAP HIRE),c/o 

Murio/. Nuesa E:cija. the Philippines.Central Luzon State Unisersity (CLSI.J) 

Citation: ICRISAT (International Crops Research Institute for the Seni-Arid Tropics). 1989. Allatoxin contamnination of groundnut: 

proceedings of the International Workshop, 6-9 Oct 197, ICRISAT Center, India. Patancheru, A.P. 502 324, India: ICRISAT. 
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La contamination d6clench&e pendant la rcolte augmente signiycativement au cours de lavente et du traitenent industriel. Cette augmentation continue est attribue ti un s~chageinsuffisant des arachides aprs la rcolte. 

Restimene 
La contamninaci6n con aflatoxinas del cacahuate, despuis de la cosecha,
de predio rural en Filipinas: Alnivel
atlatoxina aument significativanenteentre /a cosecha j' almacenamiento,durante elperiodo dealcosechaprincipal.Al cosecharse, los cacahuates contenian, en promedio,3.16pgg- dealato.inas.Durante el tiempo en qtie secahan hs biilerasde plantas con las vainasen el campo, los niveles de allato.xinasautmentarona ra,n de 1.5,ug Ag-' por dia. Durante elalmacenanientoen elpredioagricola,Ia contamnacin,, con alatoxinas continu6i a umentandoara,6n de 1.4/ug kg-t por dia. La contaninaciin con alhto.xinas Me si'nificativamentemayorduranteel periodo de cosecha principal que durante v/ sqeundoperiodo de cosecha.Al nivel comercial, nuestrasde cacahuates re olectados cn varias enpresas intermediariastuvieron contenidos de.?5. O/ugkg- 'de alato\inas.Porotro lado, inuestras recolectadas de lotesde cacahuaterecien recibidos por comerciantes inavor 'stas,conteniatn 188 g kg-i de allatoxinas.Los cacahuates que estui'viron en los aimacen -s de los comerciantes na'oristasdurante nuis detres meses conteian 275 ,rg kg-' de aflatoxinas.Al nivel de los procesadores,las materias primas utilizadaspar'i la elaboracidnde cacahuatescomo confites (tostados o fi-itos), contenia 7. g k '-dea s lo c htesdestinadosa la elaboraciinde mantequilla de cacahuate, 17.13,ug kg-, ,ylos cacahuates desechados, tenianun contenido de 120.6 Agkg1.La contaminaci~in con alhtoxinas podia iniciarse en el monento de cosecha. El contenido deatlatoxinas se increment6i a un nivel signiicativmente alto durante el manejo comercial y Ciprocesado de lassemillas. Este aumento continuo fhe atribuido a que los cacahuates no se secaronJo suliciente despu~s de la cosecha. 

Introduction 

Groundnut is now considered a major commodity in the Philippines. Although a great deal ofresearch is being done to improve its production, postproduction technology has remained
undeveloped.

One of the major postproduction (postharvest) problems of groundnut is aflatoxin contamination. A 1970 survey by the Food and Nutrition Research Council (FNRC) of the Philippinesrevealed that all processed groundnuts in the country had aflatoxin contamination levels >30 ugkg-1 ([NRI 1975). In another survey made h' Santamariasecond in terms et al. (1972) groundnuts rankedof atlatoxin contamination with levels ranging from 14 pg kg-'to 985 ug kg'.Freshly dug groundnuts contained the lowest level of aflatoxin ( 14 mg kg-o). Similar levels wereobserved in some groundnut samples taken trorn traders' warehouses. No definite pattern ofincrease in aflatoxin contamination was observed.Efforts to prevent aflatoxin contamination were initiated with research on ailatoxin detoxification. However, preention of contamination is believed to he crucial at the start ofaflatoxinformation. Before any control strategy can be developed, it is important to determine whereallatoxin formation starts, and extent of contaminationthe in the various postharvest
operations. 
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This study was undertaken to determine the cause and extent of aflatoxin contamination in 
groundnuts after harvest, and is part of an initial program to improve the groundnut postharvest 
industry in the Philippines. 

Methods 

The survey focused on groundnut samples taken at different times after harvest. It was divided 
into three levels: on-farm (farmers), off-farm (traders), and processors. The three levels were 
independent of each other in view of the difficulty in monitoring the commodity from farmers to 
traders to processors. 

On-farm Survey 

The survey was undertaken in two seasons in two provinces (Quirino and Isabela) where 
relatively large quantities of groundnuts are produced. It covered harvesting, windrowing,
stripping, drying, and farm storage operations. The main crop, when yields are high, is harvested 
in May and June, i.e., during the dry season. The wet-season crop, harvested in September and 
October is grown mainly for seed, and yields are low. 

The survey started during the latter part of the dry-season harvest. Two farmer-cooperators 
were identified in each province. During the wet-season harvest, 6 farmer-cooperators were 
identified in Isabela province, while only 2 farmer-cooperators were identified in Quirino 
province due to the limited volume of groundnuts harvested there. 

The initial farm samples were taken at random from newly harvested groundnuts. Succeeding
samples were taken during every postharvest operation (windrowing, stripping, drying, storage)
practiced by the farmers. During windrowing, samples were taken 48 or 72 h after harvest. Final 
sampling during this operation was done just before stripping.

It was observed that drying and storage operations were done simultaneously by some farmers 
during the dry-season harvest. Samples in storage were taken 48 to 72 h after stripping.


During the wet-season harvest, windrowing was seldom practiced. Farmers strip the ground
nuts after harvest and immediately dry them. Samples were taken 48 h after stripping and every 2
 
days thereafter until the groundruts were dry. Sampling in farm storage was done once only

because of the small amounts of groundnuts stored. 

Off-farm Survey 

From the farm, groundnuts are either purchased by middlemen or wholesalers. Groundnuts 
purchased by middlemen are in turn sold to wholesalers. Thus sampling at the traders' level was 
further subdivided into middlemen and wholesaler,. Five middlemen were identified at random 
in Isabela. Sampling in the middlemen's storage was donc once only because of the fast turnover 
of stocks. 

Two wholesalers were identified in Isabela, and in Quirino the identified wholesaler was a 
farmers' cooperative (Maddela Peanut Planters Cooperative). Sampling at the wholesalers' level 
was undertaken during procurement, in storage, after shelling, and during the classification of 
groundnuts for size and quality. 
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In storage, at the wholesaler's level, samples were initially taken from accessible portions of 
the pile. To be able to take samples from the inner portion of the pile, sampling was scheduled to 
coincide with the issue of groundnuts to the sheller. 

Processor's Survey 

Two processing sites were identified, at Metro Manila and Pangasinan. Cooperators were 
selected from these sites, and five major processors were identified for sampling. 

Analyses 

Each sample consisted of 3 to 5 kg groundnuts, thoroughly mixed to ensure homogeneity. 
Samples were divided into three parts for the following analyses: 

Physical 

Three 100-g samples each of unshelled and shelled groundnuts were taken and the following 
quality parameters measured: 
a. unshelled groundnuts: b. shelled groundnuts: 

* damaged pods * immature nuts 
* discolored pods 0 discolored nuts 

Moisture content was measured using the fractional distillation process (Brown Duvell 
method) on shelled groundnuts. 

Microbial 

Shelled groundluuts were used to determine microbial infection(%). The 5-g samples were 
surface sterilized using 10% sodium hypochlorite for I min, rinsed three times with sterile 
disti led water, and blot-dried on sterile filter paper in a petri dish. Five kernels were placed 
equidistantly on previously plated Malt Salt Agar (MSA) medium and incubated at room 
temperature for 48 h to 72 h. 

Aflatoxin 

The samples were extracted with chloroform, filtered, and evaporated almost to dryness. The 
extracted samples were spotted onto a gl,,ss plate thinly coated with an absorbent. The plate was 
placed in a developing tank with a solvent for 40 min to allow the samples to move through at 
23-25' or until aflatoxin B, reached Rf 0.4-0.7. The plate was then dried and examined under 
ultraviolet light. The presence of aflatoxin was determined by comparing fluorescence intensity 
and Rf value of sample patterns with standards. The Rf value of aflatoxin in samples should be 
the same or only slightly different from the aflatoxin B, standard spots. 
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Results and Discussion 

The critical factors in the production of aflatoxin are substrate moisture content and relativ
humidity(RH). According to Diener and Davis (1967), 85% is the limiting RH for aflatoxin 
production by Aspejgilhis/laivus in groundnuts over a 21-day storage period 

The survey during the dry-cropping season revealed that freshly dug groundnuts contain an 
average of 3.16 lg kg-i aflatoxin. Aflatoxin contamination increased at the rate of 1.5 pg kg-' 
day-' during wind rowing which lasted for 3 to 6days. Aflatoxin contamination further increased 
in storage at the rate of 1.4 mg kg-' day -1(Fig. 1). It was also observed that aflatoxin contamina
tion in groundnuts did not differ significantly between provinces. 

The continued increase in aflatoxin at the farm level during the main cr opping season may be 
attributed to the high RH during the survey period (Table 1)and farmers' insufficient drying of 
the groundnuts after harvest. The farmer-cooperators in this study seldom dried their ground
nuts in the sun before storage. Instead they were spread on the floor inside their houses, resulting 
in slow drying of the nuts. McDonald and Harkness (1965) reported that slow drying results in 
higher infection by A..lav'us and other fungi. 

'Fable 1. Relative humidity during dry (May-Jun) and wet (Sep-Oct) season harvests and corresponding
decrease inmoisture content ingroundnuts. Pooled data, Isabela and Quirino Provinces, the Philippines, 
1985. 

Dry-season harvest Wet-season harvest 

Relative Moisture content Relative Moisture content 
[)ays after harvest humidity (%) (wet basis) (%) humidity ((' ) (wet basis) ("j.) 

0 84.0 38.0 67.0 38.0 
3 82.7 34.7 66.5 30.9 
6 82.7 21.8 67.5 18.0 
9 80.5 18.9 68.6 15.0 

The percentages of groundnut seeds yielding A..faiu.s were lower than the percentage seeds 
yielding other isolated fungi (Table 2), i.e., Dip/odiaspp. Penicillium sr, and Fusariumspp. 
The percentage of groundnut seeds yielding A..vua'is was higher in C irino than in Isabela, 
where RH is higher and conditions were generally wetter at the time oft.,c study. The correlation 
between A..flavus infection and aflatoxin contamination levels was very low. 

The amount of damaged and discolored pods, and discolored nuts was observed to increase 
from harvest to farm storage (Table 2). These parameters were also found to have very low 
correlation with aflatoxin contamination levels. 

Ironically. the aflatoxin contamination level of groundnuts on the farm during the wet season 
was almost negligible (Fig. I). This low level could be explained by the differences in the farmers 
practices and the prevailing conditions during the wet season. The RH at the time of the study 
ranged from 70' to 85%,* in Isabela and 50(,i to 65'/, in Quirino provinces. 

The decrease in moisture content in groundnuts during the wet-season harvest was faster than 
in the dry-season harvest (Table I), probably because of the prevailing RH. In addition, the 
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Table 2. Physical and microbial analyses of groundnuts sampled during dry- and wet-season harvests.
Pooled data, Isabela and Quirino Provinces, the Philippines, 1986. 

Days after harvest
 
Analysis (%) 
 0 3 t, 9 
Dry-season harvest 1986 

Seeds yielding As,,rgillu.h./iavus 10.0 15.0 8.0
Seeds yielding othe" fungi' 

2.0 
24.0 38.0 67.0 62.0

l)amaged pods 4.0 1.0 4.0 7.5Discolored pods 0.0 2.0 1.0 3.0l)iscolored nuts 5.0 4.0 4.0 10.0 
Wet-season harvest 1986 

Seeds yielding .-1swrgilitsfiavus 3.0 20.0 5.0 8.0Seeds yielding other fungi' 10.0 35.0 58.0 43.0Damaged pods 8.0 9.0 7.0 8.0l)iscolored pods 3.0 4.0 5.5 (.0
Discolored nuts 1.3 1.1 1.6 2.0 

%p'rgil/unig r.I l)qhha spp. ,Al /iaritmt %pp. Pen,~ i/mm ,,pp
 

farmers postharvest treatment of the crop differed depending on the season. Groundnuts from
the crop harvested during the wet season were intended for seed, and the yields were low (464 kg
ha-1). These groundnuts were immediately stripped and dried. On the other hand, the crop
harvested during the dry season had a higher yield (895 kg ha-'), and the groundnuts werewindrowed before stripping. Groundnuts dried faster when immediately stripped and sun-dried
than when windrowed. It is likely that during windrowing the groundnuts tend to reabsorb 
moisture from the field. 

The farmers were reluctant to sun-dry groundnuts once the moisture content of the nuts
reacned 18(,, because they are sold by weight. This reluctance may be due to the fact that there is a significant decrease in weight when groundnuts are dried thoroughly to about 8% moisture 
content, resulting in decreased revenue for the farmers. The farmers' lack of awareness about
aflatoxin contamination may also explain their attitude towards drying.

Very few damaged and discolored pods, and discolored nuts were observed during the 
wet-season harvest (Table 2), and these parameters were found to have a low correlation with 
aflatoxin contamination levels. 

Farm sampling was independent of trader sampling because it was difficult to monitor
produce from the farmers to the traders. The aflatoxin contamination level was significantly
higher in traders' samples than in farm samples (Fig. 2).

Groundnut samples taken from middlemen contained an average of 35.0 ug kg-' aflatoxin,
but the newly purchased groundnuts sampled from wholesalers contained, on an average, 188 ug
kg- aflatoxin. Moisture contents at the time of sampling at wholesalers ranged from 7%to 10%.
At this point, conjectures can only be made to explain the higher levels ofaflatoxin contamina
tion in the traders' samples. It ispossible that the groundnuts they purchased already contained
high levels of aflatoxin, considering that they were slowly dried on the farm. Another possibility
is that the moisture content of groundnuts, although considered dry at purchase, may still be
favorable for aflatoxin formation, since groundnuts with moisture contents of 16% were 
considered by traders to be dry. 
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Figure I. Comparative build-up of aflatoxin con-
tents in groundnuts on the farm during the dry-
and wet-harvest seasons, Isabela and Quirino 
provinces, the Philippines, 1985. 
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Figure 2. Aflatoxin contents in groundnuts at 
farmer and trader levels, Isabela and Quirino pro
vinces, the Philippines, 1985. 

Groundnut samples stored in warehouses for more than 3 months had aflatoxin contamina
tion levels ranging from 8.7 ug kg-' to 989 pg kg-', with an average of 275 pg kg-'. Although the 
moisture content of these samples was already low (5-8%), the significant increase in aflatoxin 
contamination in groundaiuts stored for more than 3 months indicates that storage conditions 
were favorable for aflatoxin formation. 

Groundnuts sampled fl',m the traders were more infected with A.flavus than those from the 
farm (Table 3). There were fewer groundnut seeds infested with A.flavus than with other fungi. 

The percentage of damaged and discolored pods was higher at the traders' level than on the 

Table 3. Physical and microbial analyses of groundnuts sampled from farms, middlemen, and whole
salers, Isabela and Quirino Provinces, the Philippines, 1985. 

Analysis (%) 

Seeds yielding 
.1.wergillusflavus 

Seeds yielding other fungi 
Damaged pods 
Discolored pods 
Discolored nuts 

I. Pooled data, both prostnces, t%,o seasons. 

Farm' Middleman2 

8.0 30.0 
42.0 72.0 

6.3 12.0 
3.0 20.0 
3.0 13.0 

May-Oct, 1985. 
2. Pooled data from fise middlemen, Isabela Province. 
3. Pooled data, both provinces. 

Wholesaler3 

At procurement After storage 

24.0 24.0 
77.0 80.0 
13.0 17.0 
14.0 19.0 
8.0 8.0 
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farm. but the percentage of discolored nuts was almost similar at both farm and traders' levels 
(Table 3).

Wholesalers shell and classify groundnuts before distribution. They are classified as good,split, "binlid" (brewers), and bad. Splits are good quality nuts that cleave during shelling,brewers are small-sized, poor quality nuts. In general, the good quality nuts had loweraflatoxircontents than the rejects or poor quality nuts (Fig. 3). Classification based on tie condition ofthe kernels can eliminate aflatoxin contaminated discolored nuts. However, this needs furtherverification because the correlation analysis revealed that the percentage of discolored nuts did 
not correlate well with their level of atlatoxin contamination. 

At the processor's level groundnuts intended for roasting and frying contained 7.73 ug kg-Jallatoxin while those intended for peanut butter manufacture contained 17.13 ug kg-I aflatoxin(Fig. 4). Rejected groundnuts which are usually used for oil extraction or animal feeds,
contained 120 Mg kg-I allatoxin. 

The aflatoxin contamination levels in groundnuts at the processors' level were below the limitset by the Food and l)rug Administration (FDA) of the Philippines, which is30 pg kg-. These
relatively low levels could be explained as follows:

* Groundnuts sampled from the processors came from various places in northerr Luzon,therefore, these may not necessarily include produce from the trader-cooperators who 
participated in the study.

* Most of the cooperators who participated in this study have licenses from the Food andDrug Administration (FI)A) to process groundnuts. To be able to obtain a licence, theirstocks of raw and processed groundnuts must not contain more than 30 pg kg-' aflatoxin.* Licensed processors ensure that groundnuts are dry before storage, and just before
processing, the groundnuts are further segregated into good and bad. 

Summary and Recommendations 

Aflatoxin contamination starts at harvest. The level continues to increase after harvest and is
significant at trader and 
 processor level. Drying of groundnuts on farms was found to be 
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insufficient to control infection by A../'lavus. Moreover, windrowing after harvest exposes the 
groundnuts to the danger of reabsorbing moisture and this increases the chance of infection by 
A..fiavus. The key to prevention of allatoxin contamination is to dry the ground nuts imme
diately after harvest. This requires knowledge of the drying rate to enable rapid drying without 
impairing groundnut quality. If windrowing is inevitable, it is recommended that inverted 
windrowing be practiced. Previous researchers (Santamaria et al. 1972) have recommended this 
method to slow down allatoxin build-up. 

The absence of a definite criterion on tile safe moisture level for storage results in a significant 
increase in levels of aflatoxin at the trader and processor levels. The practice of sorting into good 
and bad quality groundnuts before distribution or processing reduces the level of aflatoxin 
contamination in good quality nuts. 
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Discussion 

T.O.M. Nakayarna. Who is responsible for monitoring the level of aflatoxin in groundnut in 
the Philippines? 
R. Quitco. The Food and Drug Administration (FDA) of the Philippines monitors aflatoxin 
in peanut butter only, they don't monitor other products, as we did in our survey. We found very 
low levels of aflatoxin in those groundnut products intended for roasting or for peanut butter at 
the farm level. But we found the vcry high alfatoxin levels in samples from tie wholesalers. One 
factor is that before the groundnut processors can process the nuts into peanut butter they have 
to get a licence from the FDA, so they have to keep down the aflatoxin level. When they buy the 
nuts they dry and then sort them. If the nuts are stored for a long time they sort them again. They 
also illegally sell quality nuts processed into roasted peanuts coated with sugar. 
J.1. Pitt. In Australia, it appears that the safe moisture content for long-term ,'orage to avoid 
spoilage is about 8 to 9 ; . To prevent aflatoxin formation, it can be considerably higher than 
that, around II to 12% ,, the level at which aflatoxin can be formed. 
R. Quitco. And, how long will the storage be? 
J.1. Pitt. Seven months, perhaps even longer. There is no real time period that is safe, it varies a 
little with different countries and different cultivars. 
R.J. Cole. The safe moisture levels in the USA are considered to be 9-10%, below 7% or 6% 
you will loose quality. 
R. Quitco. How ibout the oil content, don't you destroy it once you discharge. 
R.J. Cole. No. 
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JI. Pitt. I will make one more comment about the wet and dry seasons. Modern experience
clearly indicates that you would expect to have far more aflatoxin in your dry-season crop then
in your wet-season crop. It is a really good case forgrowing more groundnuts in your wet season 
because aflatoxin is much less likely to be formed. 
R. Quitco. Actually, we had a bad harvest during the second cropping season. I really don't
know the agronomic behavior of groundnu!s, but based on observations we found that during
the wet-cropping season the harvest is very poor, the pods are very small, and some pods do not
contain nuts. In contrast, during the dry season, the pods are very large and they all have nuts
inside. It is said that this is because of too much water during the wet season which encourages
vegetative growth. During wet-cropping seasons farmers plant on sloping plots and achieve 
better harvests than on flat land with flooded soils. 
T. Shantha. How do the farmers determine the moisture content of the produce?
R. Quitco. The matter of determining moisture content is somewhat relative. They take some 
nuts from a sack and crack them. if they crack, then they are considered to be dry. We took some
samples that were considered to be dry and found that their moisture content was still 16 to 14%.D. Caley. I have a question about the temperature at which you determine the moisture 
content for preventing damage from aflatoxin. What temperature are you talking about?
J.1. Pitt. I think you are really looking at the safe moisture level for long-term storage at 
'emperatures up to 25 or perhaps even to 30'C. But to store groundnuts at such high tempera
tures to avoid aflatoxin will raise other problems.
D. Caley. We have constantly been pressurised to raise moisture content, and unfortunately 
we store sacks in stacks covered by black tarpaulins. The stack temperature goes up to 40'C at 
the top outside surface. 
J.i. Pitt. This kind of storage is of course, very dangerous because of the moisture distribution 
from one part of the stack to another. I think if you are going to store in sacks under tarpaulins 
you should be really looking at a lower moisture level rather than anything else, because you
have a real problem of moisture movement from one part of the area to another with changes in
diurnal temperature. Under those conditions, I think you really need to be looking at a little 
lower moisture content, certainly 1% lower at least. 
R.D. Coker. This is a serious matter in Senegal, when you place groundnuts in these large
stacks at 6- 8% moisture and cover them with a tarpaulin then insect activity and moisture 
content increase. The major problem I see here is each individual groundnut may have a
different moisture content depending on its age, and immature nuts tend to pick up atmospheric
moisture faster than mature ones do. These factors also affect insect and fungal activity. 
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Aflatoxin Contamination of Groundnuts in Pakistan 

I.A. Rana' 

Abstract 

Groundnutsamples from variouspartsof Pakistanwere analyzed for aflatoxincontent, andno 

fresh samplescontainedthe toxin. However,6-15( ofthe roastedpeanutsfrom areasotherthan 

Khuzdar were contaminated.The allatoxincontent of the contaminatedsamples variedfrom 24 

to 800,ug kg -'. All the tested samples of roastedpeanuts from Khuzdar were contaminatedwith 

aflatoxins. 

R=sum 

Contamination des arachides par les aflatoxines au Pakistan : Les 6chantillons d'arachide 

recueillis dans plusicurs parties du Pakistan ont e6 analys6s pour leur teneur en aflatoxine. 

A ucun echantillond arachidesnouvelles ne contientde toxine. Tous les 6chantillonsd'arachides 

grillees provenant de Khuzdar et 6-15 des 6chantillonsprovenant des autres regions sont 

contamin6s.La teneur en allatoxinede ces 6chantillonsvarie de 24 h 800 ug kg-'. 

Resimene 

Muestras de cacahuateproce

dentes de variaspartesde Pakistinse analizaronparadeterminarsu contenido de aflatoxinas,y 

ningunade lasmuestrasde cacahuatefresco conteniatoxinas.Sin embargo,entre el 6y el 15% de 

las muestras de cacahuatetostado, procedentesde otras reas, no del Khuzdar, estaban conta

minadas.El contenidode at7atoxinasde las muestrascontaminadasvari6 de 24 a 800/fg kg-'; en 

contraste,todas las muestrasde cacahuatetostadoanalizadas,procedentesde Khuzdar,estaban 

contaminadas. 

La contaminaci6n con aflatoxinas del cacahuate en Pakistin : 

Introduction 

Groundnut cultivation in Pakistan started in 1948, and it is now the second largest oilseed crop 

in the country: every year approximately 60 000 ha are sown. It is grown mostly under rainfed 

conditions and on river banks in almost all the provinces except Baluchistan. About 92% of the 

total crop area lies in the province of Punjab, 7%in the North West Frontier Province, and 1%in 

I. 	 Principal Scientific Officer, National Agricultural Research Centre, Food Technology Department, P0 National Institute of Health, 
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Sind. Nearly 87% of the total area sown to groundnut in the Punjab is in the three districts ofRawalpindi, .Ihelm, and Attock. The sub-district of Swabi in the North West Frontier Provinceand the districts af Sanghar and Larkana in Sind Province are important areas of groundnut
cultivation (Khan and Qayyum 1986).

Tropical conditions in Pakistan, harvesting prac:tices, postharvest storage conditions, hightemperature, high maoistture levels during the monsoon, unusual rains, and floods not only causedamage to standing crops and stored grains, but also create conditions conducive to fungal
invasion and production of mycotoxins. 

Aflatoxins 

Aflatoxins are a group of toxic, crystalline, highly fluorescent, bis- furano-coumarine metabolites (13, B,, GI, and G,) produced by some strains ofihe fungi Aylsprgilhisflavus anI Aspergillusparasiticus(Fishbein 1979). When ingested these metabolites cause liver damage which can be
fatal (IARC 1976).

Niiami and Zuberi (1977) correlated the high incidence of liver cancer (3.6% of total cancercases) in Karachi with a high degree of aflatoxin contamination ('42%) in foodstuffsattributed it to the hot and humid climate in this region. 
and 

In another study, Niiami et al. (1986) examined urine samples from 200 apparently healthysubjects ano detected 'flatoxin in the uriie of 9.5(" of the subjects from the lower, and 5%fronithe upper socioeconomic groups. Liver cancer was also more common in less-privileged individuals. The presence of aflatoxin in the urine was not related
Studied. to the age or sex of the subjects[he incijence of liver cancer was lower in the cooler northern areas of Pakistan than inthe warmer Sind Province, and was highest in Karachi.

Shah et a]. (1981) studied aflatoxin content in samples of wheat, raisins, ntts (includinggroundn ur), maie etc.. collected from various parts of Pakistan (Table 1). Twenty percent ofmaie and 70((' of mai/e gluten samples were found to be contaminated with aflatoxin. Roastedpeanuts showed levels of contamination much higher (800 mg kg-J) than the permissible limit
(20 25 ug kg-').

Sheikh et al (1983) studied the aflatoxin content of industrially produced groundnut cake andbound that it was not only loaded with dust and dirt, but also contained amounts ofaflatoxin BI, 

Table 1. Afirtoxin contamination of foods surveyed in Pakistan, 1981. 

Materials sampled Sample, 

Sanples
containing 
allatoxins 

Aflatoxins
identification 
13, 13, 

Aflato:,inconcentraltion 

(mg kg-1) 
Wicat and wheat flour 
Roasted groundnuts 

Raw groundnuts 

54 
16 

7 
I 
. 

+ + 800 

Raisins 
Maie 

Milk 

II 
5 
I 

1 + + 500 

Total samples 97 2 
Solat.cc Shalh el i1l, (19I ). 
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(1200 pg kg- 1), well above the permissible level of 30 jg kg-'. Extraction of the meal with alcohol 
considerably reduced afaltoxin contamination but after extraction contamination was still 
above the permissible level. 

Begum et al. (1985) sampled roasted groundnuts from local markets in Lahore, Khuzdar, 
Quetta, and Murree and obtained raw groundnut samples from the Assistant Botanist, Rawal
pindi to examine the distribution of aflatoxins. The moisture contents and the extent of 
aflatoxin contamination in these samples are presented in Fable 2. The moisture contents of 
roasted samples ranged between 4.06% and 9.47%, while in raw grcundnuts moisture content 
varied from 5.60 to 7.55%. The samples were infected with the fungi responsible for the 
production of aflatoxins. Forty percent of the groundnut samples procured from Lahore 
markets were infected by Aspergillusflavus and their highest moisture content was 9.47%. None 
of the samples from Quetta were infected by A. flavus, but all the samples from Khuzdar were 
contaminated with this fungus, as was one sample from M urree. The presence of A.flavus spores 
in a sample is an indication that under favorable conditions these could germinate and produce 
aflatoxins. Raw groundnuts supplied from Rawalpindi were all intact and did not show evidence 
of infection by A.flavus but had a high proportion of shrivelled and moldy kernels. Groundnut 
samples obtained from l.ahorz market had high percentages of damaged and shrivelled kernels. 

Table 2. Aflatoxin contamination ingroundnuts surveyed in Pakistan, 1985. 

Fungus-contaminated, Kernels with
 
damaged, shrivelled, greenish-yellow Samples Contami- Aflatoxin
 

Moisture and discolored fluorescence containing nation content
 
Loca!ity content (%) kernels (%) .%) aflatoxins (%) (mg kg-')
 

Lahore 5.63-9.47 5.80- 13.23 0.83-5.12 3 15 373 
(2.70) 

Quetta 5.50-6.32 7.12- 8.24 0.80 -  -

(1.25) 
Khuzdar 6.92-8.20 7.00- 7.80 2.10 5 100 84 

(0.56) 
Murree 4.06-5.12 5.00- 5.50 1.50--2.00 - 

(0.35) 
Rawalpindi 5.60-7.55 0.42-14.17 0.50 
(Raw groundnuts) 
1. Numbers in parentheses are standard deiations. 
Source: Begun ct al (19h5) 

On exposure to UV light some of the roasted kernels showed a critical bright greenish yellow 
fluorescence, which is a presumptive indicator of the presence of alfatoxins in agricultural 
commodities (Bothast and Flesseltine 1975). Maximum fluorescence was seen in samples from 
Lahore markets of which 15% were contaminated with aflatoxins. 

All the samples from Khuzdar were contaminated. A very low percentage of the kernels from 
Quetta, Murree, and Rawalpindi showed critical fluorescence under UV light but these samples 
did not show detectable aflatoxin contamination. The maximum concentration of aflatoxins 
was detecte.d in samples from Lahore markets (200-800 pg kg-'). The European Economic 
Community (EEC) has set a tolerance limit of 20-25 pg kg-' (FAO 1977). It is thus evident that 

113 

http:0.42-14.17
http:5.60-7.55
http:1.50--2.00
http:4.06-5.12
http:6.92-8.20
http:5.50-6.32
http:0.83-5.12
http:5.63-9.47


all the contaminated samples except one had aflatoxin contents exceeding the permissible
tolerance limit. 

The Pakistan Council of Scientific and Industrial Research (PCSIR) Central Laboratories,Karachi, have analyzed 150 samples of groundnuts collected from various parts of Sind andBaluchistan Provinces and found aflatoxin levels of up to 300 pg kg-' (Mansoor et al., personal
communication). 

The above studies show that aflatoxin contamination of groundnuts is an important problemin Pakistan likely to affect the health of both humans and livestock, and urgent measures shouldbe taken to improve the harvesting, storage, and processing conditions of groundnut so as toeliminate or reduce the chances of aflatoxin contamination. The measure of the concern isindicated by the establishment in Pakistan of two pilot detoxification plants with the assistance
of the Overseas Development Natural Resources Institute (ODNRI), UK. 
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National Monitoring and Control Program 
on Mycotoxins in Brazil 

M. Sabino' 

A bstract 

The west of Sjo Pjulo State is a region ofhigh temperatureand humidity and is the principal 

groundnut-growingarea of Brazq. Survey results ofgroundnutsamples collected in the rainy 

season(313 samples)anddry season(83 sampl-s)in thatState showed thaton an average48-74% 

of the samplescollected from the west and northeastregionscontained5-22500,ug aflatoxinB, 

kg-'. 
This surveyreconfirmed the extent andlevel ofoccurrenceofatlatoxinsingroundnutin Brazil 

andshowed thata mVcotoxin pr(blem exists. Suggestionsand recommendationswere made to 

the relevant authoritiesas a resul. of the survey. 

Risumi 

Programme national sur le contr6le et la maitrise des mycotoxines au Brisil : La partie 
occidentale de I'Etat de Sio Piulo est une region caract~ris6epar des temperatureset une 

humidit6 lev6es. Ce'st la principalezone arachidibredu Br6sil.Les r6sultatsd'analysesportant 
sur des arachidescollectes pendant la saison des pluies (313 cchantillons)et pendant ]a saison 
scche (83 6chantillons)ont dimnjontr&que 48 174% d'chantillons des regionsouestet nord-estde 
cet Etat contenaiententre 5 et 22 500/pg kg-' d'al7atoxine B,. 

Cette 6tude a confirnb limportance de cc problkme au Br~sil. Des recommandationsont 6t6 
proposesaux autoritbsbrsiliennes la suite de cette 6tude. 

Resuimene 

El Programa Nacional de Vigilancia y Control de Micotoxinas en Brasil: La parteoccidental 
del Estadode Silo Pjulo,que es una regi6ncon altastemperaturasyaltahumedad,es laprincipal 
zona productora de cacahuates en Brasil. El estudio de los resultados obtenidos durante la 
temporadade lu vias (en 313 m uestras)y durante elestiaje(en 83 muestras)dentro de ese estado, 

indicaronque en promediode 48 a 74% de las muestrasrecolectadasen las regiones occidentaly 

del noreste contenian de 5a 22500 pg kg-' de allatoxinaB1. 
Este estudio reconfirmn6 la extensi6n y la frecuencia con la cual ocurren las aflatoxinasen 

cacahuatesen Brasil,y demostr6definitivamenteque existe en esepals un problemade micotoxi

nas. Se hicieron propuestas Y recomendacionesal respecto a las autoridadespertinentes,como 

resultadodel estudio. 
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Introduction 

There have been several studies on aflatoxin contamination of groundnuts in Brazil (Fonseca1969, Purchio 1969, Fonseca and Del Nery 1970, Pregnolatto and Sabino 1969, Sabino 1980,Sabino et al. 1982). In years wh,,j rain is continuous during harvest, 60-80% of the crop may becontaminated with aflatoxin ,sa result of poor drying. Contamination is less in tile dr.- seasoncrop but poor drying and storage sometimes result in mold growth and toxin formation. Theprincipal groundnut-prod icing area is in the west of'Sao Pfiulo state, a region of high temperature and humidity. Most of the groundnuts produced annually in Brazilcome from the west andnortheast regions of this State. 
In 1980, the Sociedade Brasileira de Microbiologia (S BM) had a workshop on mycotoxins inwhich researchers, analysts, and representatives from the food and feed industries met torliscussthe biology of the toxigenic fungi, conditions favoring the production of mycotoxins, methodsof detecting mycotoxins is food and feeds, and control measures. The main objective of theworkshop was to develop guidelines for research on mycotoxin problems in Brazil.Even though Brazil had taken action 1976in on defining the limit forlegal aflatoxincontamination in food, little was known about the extc:,t of the mycotoxin problem. Isolatedgroups of researchers (Tango et al. 1966, Purchio 1969, F-onseca and Del Nery 1970, Della Rosa1979, Sabino 1980, Sabino and Correa 1981, Sabino et al. 1982) had detected and identifiedmycotoxins in foods and agricultural commodities, and studied methods to prevent aflatoxinformation, as well as the veterinary and toxicological aspects of mycotoxicosis.Our workshop was very fruitful and we decided to implenlentControl a National Monitoring andProgram on Mycotoxins. Food and feed industries are also participating in thisprogram. As a preliminary step, the Monitoring and Control Program conducted a survey todetermine the extent and level of contamination by a given mycotoxin in groundnuts and maize,the survey was conducted according to the methods presented at the FAO Conference onMycotoxins held in Nairobi in 1977 (FAO 1979).In Brazil, a tropical country where the climate favors the growth ofaflatoxin-producing fungi,very high levels (1 -3000 pg kg-') and incidence (60%) of aflatoxin contamination in food andfeed have been reported (Sabino 1980, Sabino 1983, Prado 1983, Scussel and Rodrigues-Amaya

1985).
Products offered for export have been rejected by importing countries because of aflatoxincontamination. This is the majer reason why Brazilian authorities concluded that aflatoxinregulatory activity is necessary.By Resolution no. 34, 76, published on I Jan 1977, in the Diario Oficial da Uniao, Brazil, theComissao Nacional de Normas e Padroes para Alimentos (CNNPA) of the Health Ministryestablished tolerance levels foraflatoxins B, and G,: 3 0pg kg-' for food (domestic consumption),
and has recommended 
 levels of 50,ug kg-i for feed (animal consumption). 

National Mycotoxin Control Program Objectives 
1. To ensure that public and animal health is safeguarded and that the appropriate authorities
 

are well informed.
2. To ensure that agricultural products offered for export notare rejected by importingcountries because of mycotoxin contamination. 
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3. To promote a system of enlightened education, and to train producers, manufacturers, 
wholesale distributors, and consumers on the detection and prevention of mycotoxin 
contamination. 

Stages in the Implementation of a National Program 

Stage I 
I. The establishment of sampling procedures. 
2. The establishment of analytical methods. 
3. Training in aflatoxin analysis. 
4. 	 The establishment of laboratories for aflatoxin analysis. 
5. The provision of aflatoxin check samples 'o ensure the quality of aflatoxin analysis. 

Stage If 
To conduct a survey to determine the extent and level of occurrence ofaflatoxin in selected foods 
and present it at the workshop on mycotoxins in ground nut and maize held at So Pulo in 1980. 

Stage III 
The establishment of a National Monitoring and Control Program on aflatoxins of those 
commodities determined in Stage 11. 

Stage IV
 
To expand the program to other mycotoxins and commodities.
 

Sampling Methods 
Samples were collected during harvest in the groundnut-producing regions of S5o PAulo Sate by 
the Department of Agriculture. Data refer to the following cropping seasons: 
I. 	Collection period: Jan Feb March 1981 (rainy-season crops)
 

Area collected: 26 Regions
 
Total number of samples: 313.
 

2. Collection period: May June July 1981 (dry-season crops)
 
Area collected: 14 Regions
 
Total number of samples: 83.
 
Twenty samples were taken (one from each 2 00-g bag). The 4-kg samples were mixed 

t. 'roughly and divided into four I-kg samples, A, B, C, and D, and analyzed in the laboratory. 

Results and Discussion 

The results of the survey on rainy-season groundnut crops from 26 regions are summarized in 
Table 1. Samples collected from the regions of Marilia Pirapozinho, Adamantina, Dracena, 
Pompeia, Tupa, Presidente Prudente (west S.o Pdulo State) and Santo Anastacio (northeast 
Saio Pdulo State) showed that 48 to 73.5% of samples contained aflatoxin BI at levels of between 
5 and 22 500 jg kg-'. 

The survey of groundnuts from west S~io P~iulo State showed that 61.2% of these samples were 
contaminated with aflatoxin. Nine percent contained levels above 5000 pg kg-1 aflatoxins B, and 
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Table 1. Incidence of aflatoxins (BI + GI) in groundnut in Silo Pliulo, Brazil, rainy-season crop 1981. 

No. of samples containit,g Average 
content of 

Total Number aflatoxin (tg kg-') positives Range 
Regions samples positive >301 >500 >1000 t-5000(pg kg-') (pug kg-') 

West 152 93 71 44 36 14 2391 0-30000 
Northwest 50 30 22 10 7 5 1971 0-12832 
Northeast 111 49 40 23 13 8 2t64 0-20423 

Allatoxins tolerance linit in 1lratil is 30 ug kg 1(i11 + Gil. 

G1, and the average level in all contaminated samples was 2391 Mg kg -'. Analysis of I I samples 
collected from northeast Sdo Pulo State showed that 44% were contaminated with aflatoxin. 
Seven percent contained more than 5000 pg kg-' aflatoxins B, and G1, and the average level in all 
these contaminated samples was 2664 pg kg-' (Table 1). 

A summary of the survey results forgroundnut samples taken from the dry-seasn crop is given 
in Table 2. The 83 samples orginated from 14 regions. That number was insufficient for 
conclusions to be drawn on the relative incidence and levels of aflatoxins. But, the lower 
aflatoxin content when compared with the rainy-season crops was noted. However, the excep
tions, i.e., those samples collected from Marilia (west S~io Pfiulo State) showed high levels of 
aflatoxins: 991,21 666, and 33 500 pg kg-'; and two samples collected from Pompeia contained 
870 and 10 750 pg kg-'. 

Table 2. Incidence of aflatoxins (BI + GI) in groundnut in Sfo Pi'ulo State, Brazil, dry-season trop 1981. 

Aflatoxin contamination 

Samples containing Average of 

Total Not Number aflatoxin (pg kg-') positives Range 
Regions samples detectable positive -301 -100 (pug kg-') (pg kg-J) 

West 55 40 15 9 7 4555 0-33 500 
Northwest 13 II 2 2 0 66 0- 67 
Northeast 15 13 2 0 0 10 0- 10 
I. Aflatoxin (1 + G1) tolerance itnil in Hrahil is 30 (pg kgi). 

Conclusions 

This survey confirmed the extent and level of occurrence of aflatoxin contamination of ground
nuts in Brazil. 
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Suggestions for Future Action 

I. 	Exert pressure on the relevant authorities to ensure that: 
* 	 aflatoxin analysis of groundnuts and groundnut products for direct human, or anima 

consumption, should be obligatory, and 
* 	 legislation on mycotoxins should be revised. 

2. 	Motivate agriculture technicians to educate farmers on the problems of mycotoxins. 
3. 	Increase government authorities' awareness of their responsibilities, and define more clearl 

these responsibilities, particularly with respect to the buying and utilization of groundnut 
4. 	 Conduct national-level training courses at laboratories capable of conducting analyses f 

aflatoxins. 
5. Augment laboratory facilities and their analytical capabilities. 
6. 	 Develop surveillance for other mycotoxins based on research findings. 
7. 	Encourage good cultural practices to minimize field, harvest, and postharvest contaminatior 

of groundnuts. 
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Discussion 

K.J. Middletca. Is ihe dry-season groundnut crop in Brazil irrigated?
M. Sabino. No irrigation is given.
T. Shanwha. Very high .'evels ofaflatoxins in groundnut seeds were quoted for Brazil. What didthese Feed samples (that ontained 10 000 mg kg-t of aflatoxin) look like? Were they of anapr,:arance that would rerder them acceptable in the market?M. Sabino. The higher leels were exceptional. Seed samples that had 1000 or 2000 pg kgaflatoxin looked quite good, but those with very high levels (10 000 pg kg-t or more) looked very
had. 
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Session V
 

Removal of Aflatoxins
 



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

R.D. Coker' 

Abstract 

The control of the occurrence ofallatoxin in groundnut products requires a combination of 
quality control and decontamination procedures. Recent work at the Overseas Development 
Natural Resources Institute (ODNRI) has tcussed upon the development ofefficient sampling, 
sample preparation, allatoxin assav, and chemical detoxification procedures. 

The use ofselected nmt hematicalmodels to describe the distribution ofatlatoxin ingroundnut 
kernels, roasted peanuts, peanut butter, and groundnut cake has been investigated in order to 
lacilitate the design ofstatistically sound sampling plans for these commodities. A subsampling 
mill has been developed, incollaboration with a IlK company, which enables representative. 
commninuted subsanples to be rapid produced from large samples ofgroundnut kernels.' 

Methods ha ve been elaboratedt'orthe accurate analvsis of the alatoxincontent ofgroundnut 
products utiliiing bonded-phase cleanup procedures in combination with high performance 
liquid chromatographv (HPL(C) and high perlrrmance thin-la icr chromatography (HPTLC) 
quantilication methods. The application of enz'ne-linked immunosorbent assay (ELISA) 
methods to the ana lpsisofpeanut butter has also been extensively examined. 

A procedureIor the detoxification ofgroundnut cake using ammoniagas at high temperatures 
and moderatepressures has been developed, andpreliminary toxicit' trials have been completed 

-
using aminoniated material generated by a 50-kg capacity reaction vessel. A I-th 1capacity 
reaction vessel is under construction and trials will begin in India in 1988. 

R6su= 

Maitrise des aflatoxines dans les produits d'arachides- &chantillonnage,analyse et ditoxifica
tion: La maitrise des alhato'xines contenues dans les produits arachidiers n~cessiteun contr6le 
de qualitW accompagn des processus de dibcontatnination. Les rc'cents travaux entrepris par 
I'Overseas Development Natural Resources Institute(ODNR I) sont axs sur la mise au point de 
tnthodes efficaces d'chantillonnage, de prparationdes 6chantillons,d inalyse des aflatoxines 
et de dctoxification chiiique. 

Certainsinodles niathen"itiquies permettant de decrire la distribution des al7atoxines dans les 
grains d adrachide. les arachides yrilles,/c beurre d'arachide et les tourteaux. ont t6 6tudi6s afin 

de litciliterla conception des plans d'chaitillotnagepourcesproduits. Un broveur-6chantillon
neur a eitmis au point en collaboration avec tine sociOte anglaise pour la production rapide de 
sous-Mhantillons bro cvcs partir de grands &hantillons de graines d arachide.reprcsentatil zi 

Des mthodes out etc perlctiotnespour tine anal'se pr~cise de la teneur en aftatoxine des 
produits d arachideen utilisant des proc6d&s de purification sur phases greff6es ainsi que les 

I. 	Principal .cientific Officer. Mycotoxins Section. Overseas Deselopment Natural Resources Institute (ODNRI), 56-62 Grays Inn 
Road. London WCIX 81-U. UK. 

Cit:iion: ICRISAT IInternational Crops Research Institute for the Semi-Arid Tropics). 1989. Aflatoxin contamination ofgroundnut: 

proceedings ofthe Internationat Workshop. 6-9 Oct 1987, ICRISAT Center. India. Patancheru, A.P. 502324, India: ICRISAT. 
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mthodes quantitatives de la chromatographie liquide haute performance (HPLC) et dc lachromatographie en couche mince haute performance (HPTLC). L "pplicationdes m6thodesELISA h lanalyse du beurre darachide a 6t egalement examninee.On a misaupoint un processus de d~toxificationdes tourteauxA I 'aidedegaz ammoniacAfortetemp6rature et sous pressionmo'venne. Les premiersessais de toxicit6 ont 6!6 effectu6s sur dumat&iel animoniaque produit dans un r~acteur d'ne capacit6 de 50 kg. Une unit semblable encoursdeconstructionauraune capacit6de traiterI t h-I; lespremiersessaissont pr vusen Indeen 
1988. 

Restimene 

El control de las aflatoxinas en productos derivados del cacahuate, con especial atenci6n almuestreo, anilisis y eliminaci6n de las toxinas: El control de la frecuencia con la cual ocurrenlas aflatoxinas en los productos derivados de cacahuates requiere de una combinaci6n deprocedimientos para controlar ]a calidad v eliminar las toxinas. Los trabajos recientes delInstituto para el Desarrollo de Recursos Nat'uralesen Ultramar (Oi'erseasDe "elopment NaturalResources Institute. ODNRI) se han centrado en el desarrollo de procedimientos de muestreoeficientes, de preparaci6n de las muestraspor anali;arse, de anlisisde allato.inas, ' la elimina
ci6n de las to.xinas por medios quimico.s.
Se ha investigado el uso de modelos matematicosseleccionados para describir ladistribuci6nde las aflatoxinas en los granos de cacahuate, cacahuates tostados, mantequillade cacahuate vtorta de cacahuate. con la finalidad de facilitarel disefio de planes de nmestreo estadisticanentefundamentadospara el inuestreo de estos productos comerciales. Se ha desarrollado un molinosubmuestreador,en colaboraci6n con una empresa del Reino Unido, quepermite /a obtencin desubmuestrasrepresentativas finamentemolidas, en forma ripida,apartirde muestrasgrandesde granos de cacahuate. 

Se han desarrollado mcntodospara el anlisispreciso delcontenido de aflatoxinas en productosderivados del cacahuate, utilizandoprocedimientos de extracci6n o "limpieza "por ligamento delasesen combinaci6n con cromatografia liquida de alto rendimiento (HPL C)ycromatografiadecapa delgada de alto rendimiento (HPTLC). como metodos de cuantificaci6n. La aplicaci6n demetodos imnmunoenzinuiticos de cuantificaci6n de anticuerpos (ELISA) en el anilisis de lamantequillade cacahuate. tam bin ha sido detalladainente examinada.Se ha desarrollado un procedimiento para la elitninaci6nde toxinas de la torta de cacahuate,empleindose amoniaco en forma gaseosa, a altas temperaturas vpresiones moderadas,y se hanrealizado pruebas preliminares de toxicidad. usando material producido en un reactor de 50kilogramos de capacidad. Se encuentra en construcci6n un reactor de una capacidad de Itonelada por hora y las pruebas respectivas se iniciarin en la India, en 1988. 

Introduction 

In order to protect the health and productivity of both man and animals it is most important thatthe incidence of aflatoxin in foods and feeds is reduced to an acceptable level. The introduction,by importing countries, of legislation limiting the levels of aflatoxin accepted in groundnutproducts necessitates the implementation of efficient quality control measures by the exportingcountries. For example, legislation proposed in the UK, under the Food Act 1984, will restrictthe level of total aflatoxin in processed groundnuts to 10ug kg-1 or less. Furthermore, a recent 
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European Economic Community (EEC) Directive restricts the aflatoxin content of groundnut
products used as animal feeds to a maximum of 200 jg kg-'.

The control of aflatoxin consists of surveillance procedures to identify the nature and extent 
of the aflatoxin problem, together with quality control and detoxification procedures designed 
to minimize the problem. Furthermore, surveillance and quality control procedures require
efficient sampling, sample preparation, and aflatoxin assay methods. 

Some of the recent work at the Overseas Development Natural Resources Institute (ODNRI) 
on the development of sampling, sample preparation, aflatoxin assay, and detoxification 
methods is summarized in this paper. 

Work at ODNRI 

Sampling Methods 

The use of' inefficient sampling methods invalidates the results obtained from surveillance or 
quality control procedures. Consequently, much care must be taken in the design of statistically
based sampling protocols. This is especially important when, as in groundnuts, the distribution 
of aflatoxin is highly skewed. For example, Cucullu et al (1966) found that only 12 kernels from 
a sample of approximately 5000 groundnuts contained detectable levels of aflatoxin. Further
more, the quantity of aflatoxin in the contaminated kernels varied from approximately 0.1 to 
220 jg. 

The first step in the development of a sampling protocol is the investigation of the distribution 
of aflatoxin in groundnut products. Studies at ODNRI have included groundnut kernels,
in-shell groundnuts, roasted peanuts, peanut butter, groundnut cake, and groundnut meal 
amongst the commodities investigated. 

Groundnut kernels and peanut butter 

It is not unusual for l-kg samples to be used for the quality control of batches ofrawgroundnut
kernels. The sampling error associated with the collection of small samples was illustrated when 
representative 54-kg sample of raw kernels was randomly divided into twenty 2.7-kg subsam
pies, each of which was assayed for aflatoxin. Their aflatoxin contents (mg kg-i) were as follows;
202, 1,16, 0, 5, 0, 0, 94, 0, 159, 46, 0, 39, I, 14, 43, 0, I, 0, and 0. It can be seen that although the 
true sample mean was 31 jg kg-', the aflatoxin content of the 20 subsamples varied from <1.0 to 
202 jg kg-', and that 8 of the subsamples did not contain detectable aflatoxin. 

The distribution ofaflatoxin in small, incremental samples of raw groundnut kernels system
atically collected from 15 to 20-t batches, has also been investigated. It may be seen from Table I 
that only 1-6% of the 100-g samples contained detectable levels of aflatoxin, while the highest
level of contamination was up to 100 times greater than the estimated batch mean (i.e., the 
aflatoxin content of the aggregate sample). For example, batch B,with an estimated mean of 10 
pug kg-1, afforded only one contaminated sample containing 1000 jg kg aflatoxin. Similarly, -' 
batch A (estimated mean of only I pg kg-') afforded samples containing aflatoxin up to 
approximately 100 pg kg-. Finally, a sample containing up to 3729 pg kg -' was generated by
batch C (estimated mean 38 pg aflatoxin kg-!). 

Quality control protocols for raw groundnut kernels must include statistically based sampling
methods which can accommodate these "hot-spots" of aflatoxin, and provide samples which are 
truly representative of the batch. The so-called Tropical Products Institute (TPI) Plan (Coker 
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Table 1.Distribution of aflatoxin in raw groundnut kernels analyzed at ODNRI, UK, 1982. 
Batch size Contaminated Atlatoxin content Batch average 

Batch 
A 

(samples taken) 
20 t 

samples 
4,200 (2W,'j) 

(mg kg?) 
18 97 

(Pg kg-i) 
1 

(200 x I100g) 
B 15 t 1: 100 (1%) 1000 10 

(100 IOOg) 
C 20 t 15/252 (6%) 5-3729 38 

(252 lI100g) 

1984), developed at O)N R i, is
a simple, low-cost plan that can be used to determine whether a 
batch of groundnut kernels has a total aflatoxin content exceeding 30/g kg .(30 pg kg-' being -I
 

the maximum level of aflatoxin permitted in edible nuts imported into the UK, according to a 
UK trade agreement between the importers and manufacturers of edible nut products).The TPI 
Plan requires the collection of a representative 10.5-kg sample, composed of at least 100 
incremental samples. The 10.5-Ug sample israndomly divided into three 3.5-kg portions and the 
batch is assumed to contain no more than 30 pg aflatoxin kg-1 if any one ofthe three portions
contain 10 pg kg-1, or less. (It is imperative that tile complete 3.5-kg subsample isanalyzed.) A 
similar plan has been developed by the United States Department of Agriculture ( USI)A). The 
USDA Plan req uires an initial sample of approximately 66 kg. If the population of batches 
under test is of high quality, the consumer and producer risks associated with the TPI and 
USDA Plans will be very similar. However, fora population of low quality (where, forexample,
30% of the batches contain more than 30 pg aflatoxin kg-') tileconsumer risk from the TFPI Plan 
will be considerably greater than that from the USDA Plan. Work isinprogress to further refine 
the T1PI Plan so that the consumer risk may be reduced for low-quality populations of batches,
without disproportionately increasing tile possible loss to the producers.

The di! tribution ofaflatoxin in roasted peanuts and peanut butter has also been i:ivestigated
at ODNRI, in collaboration with the British Peanut Council. The results of the analysis of retail 
packs and grab-samples of roasted peanuts, systematically collected from the production line, 
are summarized in Table 2. It is clear that local "hot-spots" ofaflatoxin remain after processing
(which includes automatic color sorting and roasting). For example, some batches containing
estimated mean levels of allatoxin of 1.0 pg kg-' or less (batches C-F) afforded individual retail 
packs contaminated at levels far in excess of the proposed UK legal limit of 10 pg kg-. Batch H,
with a mean level of 10 ug kg-', afforded one retail pack containing 1938 ;'g aflatoxin kg-.

The distribution ofaflatoxin in systematically collected jars of peanut butter is shown in Table 
3. From these results it is clearly evident that local "hot-spots" of aflatoxin can also occur in 
peanut butter. For example, for batch B, with an estimated mean aflatoxin content of 6 pg kg-I,
the single contaminated sample contained 021 pg aflatoxin kg-'.

The effect of processing on the distribution ofaflatoxin in roasted peanuts may be observed by
comparing batch C (Table 1)with batch H (Table 2). Raw groundnut kernels were commercially
processed, by a combination of blanching, splitting, automatic color sorting, and roasting. For 
these particular sample populations, the estimated mean aflatoxin content was reduced from 38 
to 10 pg kg -1as a result of processing. However, the seven contaminated samples contained 8, 
14, 38, 116, 161, 386, and 1938 ug aflatoxin kg-'. 
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Table 2. Distribution of aflatoxin in processed groundnut kernels analyzed ut ODNRI, UK. 

Contaminated Aflatoxin content Batch average 
Batch Batch size' samples (pg kg-') (pg kg-i) 

A 20 0,200 (0(,-j) 0 0
 
B 20 I200 (0.5%) 10 0.05
 
C 10 11200 (0.5%) 60 0.3
 
1) 20 6!200 (3.0%) 8-812 1.0
 
E 15 3/200 (1.5%) 31, 92, 109 1.0
 
F 20 3 150 (2.0%) 30, 40, 107 1.0
 
(G 15 2:200 ( .d0%) 7,609 3.0
 
H 20 7,200 (3.5(%,) 8-19382 10.0
 

I.All amples H(fg. 201 taken rom each hatch, excepting Hatch F(1501 . 200 g %amples). 
2. Atlatoxin Icel range. 

TablL 3. Distribution of aflatoxin in peanut butter produced in the UK, 1982. 

Batch size Contaminated Aflatoxin content Batch average 
-
Batch (samples taken) samples (pg kg I) (pg kg-') 

A 15 t 3/100 (3%) 66, 297, 396 8
 
(100 - 225g)
 

1 7 t 1/100 (1%) 621 6 
(100 x 340g) 

Preliminary work is in progress in collaboration with the Department of Mathematics at 
Portsmouth Polytechnic, UK, to devise a sequential method of testing the acceptability of 
batches of processed groundnuts, based upon the Central Limit Theorem. The latter states that 
if a random variable, x, has a distribution with a mean u and a variance U2, and if a sample size n 
has a mean 9, then K-u 

-
Z / -O 

has an approximately normal distribution. The approximation improves with increasing values 
of n. A computer program has been used to calculate the values of z after entering each value of x 
(the aflatoxin content of the nth sample of groundnuts). The application of this method to batch 
C (Table 1)indicated that the true batch mean could be less than 30 pg kg-'. It is evident, 
therefore, that a batch of raw groundnut kernels, that may meet the requirements of the UK 
Trade Agreement, can eventually be split into retail packs (batch H, Table 2) containing levels of 
aflatoxin far in excess of the anticipated 10 pg kg-1 regulatory limit. 

In-shell groundnuts 

The quality control of in-shell groundnuts is especially difficult. Samples cannot be collected 
from sacks by simple spear sampling, and the collected sample must either be decorticated prior 
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Table 4. Distribution of aflatoxin in in-shell groundnuts imported into the UK, 1981. 
Batch size Contaminated Aflatoxin content Batch average
(subsamples taken) subsamples (mg kg-') (pg kg-') 

5t 29/400 (7%) 0- 30 (3-2/400) 70
 
(400 ,approx.120g) 31- 100 ( 5/400)
 

101- 500( 12/400)
 
501-1000 ( 4/400)
 
1001-3000 ( 4/400)
 
3001 -5000( 3/400)
 

to analysis, or the analysis result adjusted for the mass of the shells. Furthermore, the efficacy of 
the electronic color sorting of in-shell groundnuts must be questioned.

The distribution of aflatoxin in a 5-t batch of in-shell groundnuts is shown in Table 4. Four 
hundred samples were systematically collected, decorticated, and assayed for aflatoxin. The 
estimated batch mean, based upon an aggregate sample of approximately 40 kg of kernels, was 
70 pg kg-'. However, the use of the computer program, outlined above, to compute the zvalues 
has indicated that the true batch mean may be as low as 30 to 40 pg kg-a, although still above the 
permitted level of aflatoxin. The results in Table4 show that most of the collected samples in this 
batch were heavily contaminated, one sample containing 4652 pg kg-' aflatoxin. 

Groundnut cake 

Work performed in collaboration with the Departments of Pharmacy and Mathematics at 
Portsmouth Polytechnic has indicated (Jazwinski 1986) that the distribution of aflatoxin in 
groundnut cake may be described by the three-parameter Weibull model (Ross 1987). 

f(x) -[x-Yy' exp fx--]J}, (-Y < x < 0) 

where; 
= 
y is the minimum aflatoxin level,
 

p = is the shape parameter, and
 
17= is the scale parameter.
 

These parameters may be estimated from the data by the method ofmaximum likelihood. The 
Weibull model isa flexible distribution that issuitable fora continuous random variable, such as 
aflatoxin. Using this approach, the samples of groundnut cake may be described as (a) those 
containing no aflatoxin, (b) those containing a low, usually acceptable, level of aflatoxin, and (c)
those containing an unacceptably high level ofaflatoxin, where the samples in categories band c 
may be described by two different Weibull distributions. The observed cumulative distribution 
of the aflatoxin contents of representative samples of groundnut cake collected from the top,
middle, and bottom of the sacks of a consignment, with an estimated mean aflatoxin content of 
approximately 50 pg kg-, appeared to be consistent with a single Weibull distribution (Fig. I) 

=
where y 6.14, /3 =2.48, and 77= 94.01 
The investigation of the distribution of aflatoxin in further batches of groundnut cake, 

groundnut meal, and FAQ (Fair Average Quality) groundnut kernels is in progress, with the 
objective of devising sampling protocols for these commodities. 
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Figure I. A single Weibull distribution fitted to aflatoxin B,data from groundnut cake imported into the 
UK, 1985. 

Sample Preparation 

It is necessary to collect large, representative samples for surveillance and quality control 
purposes. The USDA Plan for the sampling of raw groundnut kernels requires the collection 
and comminution of three 22-kg samples. It is imperative that the complete sample is commin
uted, and that a representative subsample of the comminuted material is assayed for aflatoxin. 

The development, in collaboration with commercial partners, of a subsampling mill, that 
facilitates the simultaneous comminution and subdivision of a range of commodities, is nearing 
completion at ODNRI. The mill operates on a continuous-flow basis and can handle 22-kg 
samples of groundnut kernels at a throughput in excess of Ikg min - '. Free-flowing, representa
tive subsamples are produced that constitute either 5 or 10% by weight of the original sample. It 
is planned that the mill will be marketed by 1)88. The subsamples, weighing approximate, I kg, 
may be converted into an homogeneous aqueous slurry (Velasco and Sheldon 1976) of which 
replicate aliquots, of approximately 100 g are assayed for aflatoxin. 
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Assay Methods for Aflatoxin 
Assay methods used to estimate the aflatoxin content of samples generated by surveillance orquality control procedures should be accurate, precise, rapid, sensitive, selective, and of reasonable cost (Coker 1984). Furthermore, the introduction of automated methods offers improvements in precision and allows tie analysis of large numbers ofsamples that are ac umulated, forexample, during surveillance studies.Many allatoxin assays involve cumbersome column chromatographic and chemical cleanuptechniques which may lead to poor accuracy and precision. Recent work at OI)NRI has beensuccessful in overcoming this problem. Methods have been developed (Tomlins 1987) whichutilize a bonded-phase, cleanup cartridge as a sample enrichment and cleanup device. Variouspolar and nonpolar phases, chemically bonded to a silica substrate, are available (Coker and

Jones 1988).
The ODNRI method has been applied to samples of peanut butter. Typically, 5 mL of anaqueous acetone extract of tile sample is treated with lead acetate solution and diatomaceousearth contained within a reservoir atv.-ched to a 500-mag bonded phenyl cartridge. The resultantfiltrate is passed through the cartridge (that has been conditioned with methanol and water), andthe cartridge is then washed with methanolic acetic acid solution followed by water. After thecart,-idge has been dried by passing air through it, a reservoir containing granular anhydroussodium sulphate is attached to its base'. and the aflatoxin is eluted from the cartridge usingchloroform. Using this technique, in combination with a single 12- position vacuum manifold, asingle operator can process 120 sample extracts day-.
High performance thin layer chromatography (H-PTLC) 
 is routinely usedcombination with bonded-phase cleanup, for the 

at ODNRI, in 
assay of large numbers of accumulatedsamples of groundnut products. For example, a bi-directional HPTLC method has beendeveloped (Tomlins 1987), that facilitates tie quantification of 200 sample extracts day-]. Theextracts are applied using an autosampler, to the HPTLC plate, at a distance ofabout 2cm fromtire top edge, and the plate is developed in drydiethyl etherfor30 min. The top I cm of the plate isthen removed, the plate rotated through 1800 and developed twice in chloroform:xylene:acetone (6:3:1), drying tie plate after each development. Theaflatoxins are then quantified usinga fluorodensitometer. Accurate and precise results have been obtainedbonded-phase when tile combinedHPTLC method was applied to the analysis of peanut butter and groundnut

meal.
Work is in progress in combination with the Department

Polytechnic, on comparison 
of Pharmacy at Portsmouth a of the efficiencies of bonded-phase HPTLC, bondedphase, HPLC, and enzyme-linked immunosorbent assay (ELISA) procedures, when applied to
the estimation of aflatoxin in peanut butter.
 

Detoxification by Ammoniation 

A low-pressure method has been developed at ODNRI (Cokeret al. 1985a, b)that facilitates thedetoxification of aflatoxin-contaminated groundnut cake and mixed feeds containing
groundnut.

The groundnut cake was treated with steam, followed by ammonia gas, then the excessammonia was purged using a combination of air and steam. Typical operating conditions, foratleast 90% detoxification, involved temperatures of the order of 115'C and pressure below I5 psi.A 50-kg capacity reaction vessel has been constructed and successfully tested (Coker et al. 1985a 

130 



at ODNRI. A 0.5-t h- 1capacity vessel has also been constructed and successfullyand b) 
commissioned for the treatment of maize and poultry feed. A 1.0-t h- 1capacity reaction vessel is 

currently under construction at ODNRI. This will be installed at the Central Poultry Training 

Institute, Hessarghatta (Bangalore), India in 1988 and used to detoxify groundnut cake and 

poultry feed. 
The toxicity of ammoniated groundnut cake has been assessed, at ODNRI, by feeding 

ducklings five diets for 22 days. The diets consisted of a control (zero aflatoxin), and diets 

containing 5',, and 25% nontreated cake, and two diets with 5% and 25% ammoniated ground

nut cake (Panigrahi, personal communication). All the birds fed on the diet containing 25% 

nontreated cake died within 14 days. The performances of those ducklings fed diets containing 

25% ammoniated cake were slightly reduced compared with those receiving the control diet, and 

the diet containing 5( ammoniated groundnut cake. On microscopic examination, ile livers of 

five out of nine birds whose diet contained 25% of the ammoniated cake were found to have 

developed slight bile duct proliferation, and one had marked bile duct proliferation. No 

abnormal lesions were present in the livers of those birds that received the diet containing 5% 
lesions produced by the diets containing ammonammoniated groundnut cake. The reduced 


iated groundnut cake were consistent with the levels of residual aflatoxin.
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Discussion 

R.V. Bhat. Does the UK permit ammonia detoxification of groundnut meal?R.D. Coker. There ikno reason why ammoniated material cannot be imported and used butthere are a few quest .ns about the toxicity of the ammoniated groundnut cake, and these willhave to be resolved before the big animal-feed compounders are going to show an interest. Iamthoroughly optimistic, that in the short or medium term. ammoniation has to be the natural 
answer.
T. Shanta. The levels ofaflatoxin presented by you for Indian groundnuts are rather high. Theaverage level of aflatoxin, especially in export quality groundnuts, cannot be so high. Can youjust mention the history, i.e., time lapsed during transport, etc., of the samples'?R.D. Coker. The 20-t batch was imported into the UK by a major IlK processor of groundnuts. We estimated the mean level of aflatoxin (using the aggregate sample) at 38 jg kg-'. Arecent reassessment of the data using a special computer program, has indicated that the trueallatoxin content of the batch was approximately 30 pg kg-1. A batch efthis quality is acceptablein terms of the existing UK trade agreement. 
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Removal of Aflatoxin Contamination from the
 
Australian Groundnut Crop
 

M. Read' 

Abstract 

The A ustralian groundnut crop is significantly al'etedby aflatoxin in some years because of 
preharvest drought stress. By aprocess ofselective segregation and sorting. aflatoxin-containing 
kernels are removed from contaminated lots to satisfi a 15 , g kg-' (total) regulatory limit. This 
sorting is made possible by the characteristic discoloration of'groundnut flesh caused by Asper
gillus spp growth and the small percentage ofallatoxin-containingkernels. The variance contri
butions of sampling. sample preparation, and analysisare quoted. Even with very high standards 
olsampling and analYsis uncertainty in ,:7atoxin control is significant. 

Risum 

Elimination de I'aflatoxine de l'arachide en Australie: En Australie, pendant certaines ann6es, 
la strcheresse avant la rekcolte des arachidesprovoque une forte incidence d'afIatoxine. Grace h la 
segregationsclective et au triage, les graines contenant de I iato.xine sont imindes des lots 
contamines afin de respecter Ia limite autorise de 15,ug kg-' (total). Ce triage est fond6 sur /a
decolorationcaractcristiquedes graines d'arachides contaminbes par Aspergillus spp et le faible 
pourcentagedes grainescontenanttles allatoxines. Les variationsdues aux diff~rents 6lments tels 
que I 'chantillonnage. la prcparation des cchantillons et les analyses sont Ogalement indiqu~es. 
Malgr le niveau trns lh'cv de I chantillonnage et de l analyse, il reste touiours une probabilit6 
d 'rreur dans le contr6le dallatoxines. 

Restimene 

La eliminaci6n de la contaminaci6n con aflatoxinas del cultivo del cacahuate en Australia: En 
A ustralia el cultivo delcacahuate contiene cantidades significativasde aflatoxinas durante ciertos 
afios, debido a la presencia de condiciones de sequia aguda, justamente antes de Ia cosecha. 
Mediante an proceso de clasificaci6n y separaci6n selectiva, se pueden eliminarlos granos que
contienen altos concentrados de alfatoxinas, de los lotes de semillas contaminadas, logrando asi 
no rebasar el limite miiximo autorizado de 15/pg kg-1 (total). Esta separaci6n es factible debido a 
la dccoloracidn caracteristica de losgranos de cacahuate, producida poreldesarrollo de especies
de Aspergillus, y el reducido porcent;ije de granos que contienen aflatoxinas. Se presentan las 
contribuciones a la variania del muestreo, la preparacin de las muestras y de anilisis. Incluso 
con normas miui' r4,idas en el muestreo v el anilisis, Ia incertidumbre en el control de las 
alhatoxinases estadisticamente 'ignificativa. 

I. Chief Chernist. The Peanut Marketing Board, Haly Street, I'O Box 26, Kingaroy, Queensland 4610, Australia. 

Citation: ICRISAT (International Crops Research Instiute for the Semi-Arid Tropics). 1989. Aflatoxin contamination of groundnut:
proceedings of the International Workshop, 6-9 Oct 1987, ICRISAT Center. India. Patancheru, A.P. 502324, India: ICRISAT. 
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Introduction 

Groundnuts are grown in two distinct climatic regions of Australia (Fig. I). The major cause ofaflatoxin contamination of the Australian groundnut crop is preharvest drought stress in thedrier southern region. Drought stress varies greatly from year to year (Table 1). In the humidnorthern region, periods of high ambient humidity cause less serious postharvest problems.The psychrometrics of groundnut storage molding have been described by Smith and Davidson (1982). The groundnut hydroscopic equilibrium (Fig. 2,)adidicii iun;dit ,, shouidd-
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Groundinut-producing areas 

Northern 'hurrid' rcgion
14001 mm rain a• annual production 15 000 t 

* 2-13"i farmnloads atlatoxin positive 
* minor prehares and storage problems 

Northern: 
lerritory! 

Queensland 1rpc of Capricorn 

Southern 'drier' region0 760 min rain a-1-L inual production 20000 

o
South i h3-72(''ifiirm loads aflatoxin positive
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*negligible storage problem 

New South Wales 

Figure I. Major groundnul-producing areas of Australia. Virginia bunch varieties grown mainly on friable 
red volcanic soils. 
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always be considered before building storage or processing plants. The best district in which to 
grow groundnuts may not be the best one in which to store and process them. This paper 
describ.:s how the Queensland groundnut crop is sampled and tested for aflatoxin contamina
tion by the Peanut Marketing Board, and how contamination is controlled by sorting and 
quality control. 

Table 1. Farmers' truckloads (%)of virginia bunch groundnuts affected by preharvest aflatoxin contanli

nation from two growing regions of Australia, 1978-1987. 

Growing region Growing region 

Year Kingaroy (southern)' Tolga (northern)2 Year Kingaroy (southern), Tolga (northern) 2 

1978 8 2 1983 14 12. 

1979 5 2 1984 12 1 1 

1980 72 13 1985 12 9 
1981 8 5 1986 62 3 
1982 3 4 1987 (54)  1 (6) 

I. Average annual rainfall 760 ram. 
2. Average annual rainfall 1400 mm. 

3. Figuresin parentheses areprovisional values. 
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Figure 3. Production flow chart for segregation and sorting ofan aflatoxin contaminated groundnut crop,
Queensland, Australia. 
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Crop Handling 

When a farmer's truckload arrives at a depot, it is first representatively sampled and moisture 

levels checked. If the nut-in-shell moisture content is below I1%, the truckload isaccepted into 

storage. A minicolumn aflatoxin test is done on the kernels before the truck is tipped and the 

load is allocated to one of three segregations based on tills test result. Segregation No. I is for the 

product with , 16 mg kg-'.segregation No. 2 with 16 -400 pg kg-1,and segregation No.3 with 
400 pg kg-'. 

All three segregations are sorted to recover the maximUm percentage of product with 

contamination below the 15 lpg kg I total aflatoxin regulatory limit. Aflatoxin-positive kernels 

are diverted into oilstock. the meal from which is primarily used in beef-cattle rations. The 

intake, segregation, and subsequent handling system outlined in Figure 3 has been evolved to 

achieve this objective at naxi inm efficiency for particular market requirements for raw and 

blanched roasted kernels. 
In an aflatoxin 'audit' study of this system (Baikaloff and Read 1985) over a year's operation, 

71Cj of intake aflatoxin was concentrated into the 16' (by weight) of the crop sent for oil 

crushing. More than 50"1 of the aflatoxin in the product sent for blanching! roasting was lost 

and or degraded in the operation. 
The sorting procedures for both raw (testa on) apd blanched, roasted (testa off) kernels 

combine both electronic color sorters and handpicking of damaged and discolored kernels. This 

sorting strategy ispossible bhcause: firstly the percentage of aflatoxin-positive kernels in a 

shelled and graded positive lot is small, generally .5-,Y with the number of highly positive 

kernels generally • l' :ind secondly although sone positive lots with testa on cannot be "sorted 

clean", all positive lots can be "sorted clean" after blanching as the combination of Aspergillus 

spp growth and heat always produces acharacteristic discoloration. However, not all discolored 

kernels contain aflatoxin. 
Table 2 illustrates the above points. Pickings from Lot 6 were further subdivided into 

fractions of 6,12, and 65 pg kg-', which were 0.16, 0.08, and 0.03(,( (by weight) of the original lot. 

While such a distribution ischaracteristic of preharvest drought-stressed groundnuts, it may not 

be for crops with significant postharvest problems. The development of specific wavelength UV 

color sorters would greatly assist the commercial cleanup of aflatoxin-positive lots. 

Table 2.Aflatoxin contents of lots of blanched groundnut splits 
picked to remove typical Aspergillus spp discoloration, Kingaroy, 
Australia, 1982. 

- )
Aflatoxin content (Oagkg'

L.ot Weight picked ("i) Pickings Remainder 

1 2.8 I 528 Not detected 
2 2.9 7900 Trace 
3 2.9 2080 Trace 
4 1.0 169 Not detected 
5 2.07 754 Trace 
6 1.3 3226 Trace 
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Figure 4. Aflatoxin sampling and analysis scheme used by Peanut Marketing Board (PMB) Australia: sources of variation. 
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Aflatoxin Testing 

As shown in Figure 3, two types of testing are carried out. On receipt, farmers' loads are 
segregated by a rapid semiquantitative minicolumn test. The method is a modification of the 
Shotwell and Holaday (198 1)procedure, it takes 9.5 mins and costs Aus$ 2.82 (US$ 2.02) per test 
for labor and materials. 

Before tilefinished product is despatched to customers, it is te3ted by a more rigorous 
quantitative thin layer chromotography (TLC) method. Lots can also be assayed by high 
performance liquid chromotography (H PI.C)with a runtime of 4--5 min:s, but TLC is thought to 
be more cost-effective and reliable, and wo have equivalent accuracy. The TLC method used isa 
modification of the method of Pons and Franz (1978). In 1987 the Peanut Marketing Board were 
placed first for accuracy out of 71 laboratories in the collaborative groundnut atlatoxin program 
over 8 samples distributed by the Smaller Committee of the American Oil Chemists' Society 
(AOCS). 

Of equal if not greater importance to the assay issample size, collection, and preparation. Few 
people in government or industry can come to terms with the novel statistical problems 
presented by aflatoxin sampling. Horwitz (1982) of the US Food and Drug Administration 
(USFDA) quotes the interlaboratory coefficient of variation for aflatoxins as 32% of the mean 
on a -sample". However, a greater variation may be involved when taking a sample to represent 
a lot. Figure 4 shows the sampling procedure followed by the Peanut Marketing Board amd 
estimates of the relative contributions of each step to the overall uncertainty in the test result. 
These estimates give an average total CV of 58% for good-practice, commercial aflatoxin quality 
control. These values are in reasonable agreement with published figures (Whitaker 1977, 
Dickens and Whitaker 1979, Whitaker and Dickens 1981) derived by other means. However, 
even with the best-known statistically designed sampling schemes, and the highest standards of 
analytical chemistry, commercial disputes as to whether a lot is positive or negative are 
inevitable. 

Conclusions 

Aflatoxii, contamination is a significant problem to the Australian groundnut industry due to 
preharvest drought stress. Postharvest contamination is currently controlled by sorting and 
strict quality control. Despite the best efforts of statisticians and chemists, there isstill consider
able uncertainty in aflatoxin certification of groundnut lots. 
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Discussion 

S. Moody. Is the postharvest aflatoxin contamination problem in the northern region ofAustralia a consequence of preharvest ,,f./ilat'u itasion, or does the fungus only invade seeds
after harvest, e.g., during drying in the field, or in storage bins?M. Read. The problem is a postharvest one.with fnngal invasiMon occurring in the sorage bins.
The ,. iav'ti. source is tnknown, but the spores arc proba bly omnipresent in groundnut
shelling and storage areas. Ihis is at relatively small problem in Australia.
R.V.BhaI. [he example of Australia is very relevant to dcveloping countries. The differentilethods of aflatoxin estli-ations in',llowed, i.e.. mtinicoluntn at the initial stage, and TIC at the
final stage are very appropriate Ior developing cotntrics. 
M. Read. Agreed. Ihe niinicoltimni test as k cdo it is \cry quick (9 min ) and cheap (US $2total). Accurate TILC does not requLire autos otting densiometers as evidenced by our perfor
mance in tihe Smaller program.
C. L.L. (Gowda. )oes blanchinrg reduce tine aflatoxin content of seeds? In the sorting process,
you showed that somne nts from (lhe second lot (16 400 mg kg-1 allatoxin) were brought back to
l.ot I (.-16 bg kg I allatoxin). HIow could this happen?
N1. Read. Inthe blanching roasting process allatoxin contents can be reduced byaround 50%
and by sorting out the reject nuts it was possible to upgrade lots. 
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Removal of Aflatoxin B, from Peanut Milk 
by Flavobacterium aurantiacum 

D.Y-Y. Hao, R.E. Brackett, and T.O.M. Nakayama' 

Abstrac! 

NRRL B-184 to remove aflatoxin t1, fromThepotentialforusing Flavobacterium aurantiacurn 

peanut milk was evaluated. Prelitainar' esperimentsdetermined that this bacteriumgrew in both 

nondelttted peanut milk (NI)PM) and partiallydelitttedpeanut milk (PDPIM). In neither case 

the growth inhibited hy the presence ofalatoxin B,. Other experiments were designed to wa.s 

assess the ability of I01 resting (stationary) cells of F.aurantiacuin to remove aflatoxin IB,fron
 

F. aurantiacum decreased
phosphate bulkir (PI). ND'PM, and 1PDPlM. Alter 24 h at 30'C, 

in I'DPM. ProteolYsis of PDPM beforeaflatoxin B, by 40%', in I'll, 2?'17 in NI)1'M, and 701' 
over nonproteolyzedinoculation ttit/ . aurantiacum increasedreco very oftoxin hy about 30, 


samples. 7his increase in recoverv was not observed when NDPAI samiples were proteolyzed,
 

suggestingthat some ofithe toxin may be bound to thegroundnut protein and not be available for
 

removal bY F. aurantiacuini.
 

Risum6 

Elimination de I'aflatoxine B, du lait d'arachide grice i Flavobacterium aurantiacnm : La 

capacit1 de Flavobacterium aurantiacuni delimniner Ialatoxine B1,prsente dans le lait dara

chice a t6 6tudi6e. DIiprisles r6sultats des premiers essais, cette bact6rie se dveloppe auissibien 

dansIc lait d arachidenon dceshuile (NIPM)que dans /c lait d'arachidedeni-deshuild (PDPM) ct 

son dtvcloppement n est nullenent inhib parlaprbsencc de / .il7a toxine B,. D autresexperiences 
de 10 cellules itnmnobiles de F. aurantiacumont He raises au point pour iva/uer la capacit 

d'clininerlallatoxine 11,prescnte dans un tanpon phosphate (I'll), Ic lait NI)IM et Ic lait 

PI)PM Les taux de diminution de Idlatoxine B, par F:. atirantiacuin apris 24 heurcs i 301C', 

sont de 40%7 (I'll), de 23%/ (NDPM) et de 70%' (PDPM). La protolyse du PDPM avant 

l'inoculation avec /a bactbrieaanmlior-larccuprationde /a toxined'ipciuprs30%/')parrapport 
n a pasaux cchantillons non protolyses. Cependant, Ia protolysc des &chantillons NDPM 

Ia protdine dedonni les imens rcsultats. cc qui signifie qu'une partie de la toxine serait lidce l' 


I irachide tie permettant pas son /imtination par F. aurantiacum.
 

I. Graduate Student, Assistant Professor, and Professor. University of Georgia, and Program Dircctor Peanut Collaborative Research 
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proceedings of the International Workshop, 6-9 Oct 

141 



Resdmene 
La diminaci6n de Iaaflatoxina B, de ]a leche de cacahuate por medio de Flaobacteriumaurantiactim: Se evalu6 e/ potencial que tiene el empleo de Flavobacterium aurantiacumNRRL B-184paraeliminarlaa/latoxina B, de la lechedecacahuate.Experimentospreiminaresestablecieronque esta bacteriase desarrollababien, tanto en leche de cacahuateno desgrasada(LCND), como en leche de cacahuateparcialmentedesgrasada(L CPD). En ningunode estoscasos ue inhibido ei desarrolloporIa presenciade aflatoxina B. Experimentosadicionalessediefiaron para evaluar la capacidad de una concentracitn de 109 clulas individuales deF. aurantiacuni, para/a elihnmaci6n de allatoxinaB,. de una soluci6n amortiguadade fosfato(A F), L C'ND, 'vL D. Despuesde24 horasa .0°C., F. aurant iacum redujo en 40de a/latoxina B, en AF: 23C, el contenidoea LCND, .'v70§', en I. CPD.La prote6lisisde LCPD antesde 1ainoculaci6ncon F. aurantiacum aumnentiIa ecuperaci6nde toxinaen alrededordeun .0?iOsobreel caso dem uestrasno proteolizadas,lo cualsugierequepartede ]a toxinapuede esterligadaalasproteinasdel cacahuate,Y por In tanto, no disponibleparasu elininaci6npor F. aurantiacum. 

Introduction 

One of the most serious and persistent problems facing groundnut growers, processors, andbrokers is aflatoxin contamination. As one would expect, this has stimulated much research onways to prevent and eliminate aflatoxin contamination.One of the areas of aflatoxin research where a lot of workdetoxification of contaminated products. There has been some work 
remains 

done on 
to 

this subject, and 

be done is the 
most of the detoxification methods tried have involved chemical treatments (Doyle et al. 1982).The procedure found most promising and used most often is treatment with ammonia compounds, known as ammoniation.Biological detoxification has also been tested. Ciegler et al. (1966)Research Cent,, at the Southern Regionalhave been the most active in searching for microorganisms to accomplish thistask. However, of the many cultures they screened, onlyaurantia.uni , was 

one bacterium, Flavohacteriumable to completely remove aflatoxin with no residual toxicity.The Food Technology group at the University of Georgia has been conducting research aimedat using F.aurantiacumto detoxify aflatoxin contaminated groundnut products. This paper willreport on some general results obtained during this work. The details of this project have beenpublished in scientific journals (Hao and Brackett 1988, 1989). 

Materials and Methods 

Experimental Design 
Initial experiments were designed to determine the stability, growth and survival of F aurantiacren in phosphate buffer and peanut milks. Additionally, the effect of the presence ofaflatoxinin the peanut milk on the survival of F.aurantiacutnwas also determined. The purpose of theseexperiments was to determine optimal conditions for detoxification of nondefatted and partiallydefatted peanut milks.In the second phase of this project both peanut milks and buffer were treated with viableF aurantiacumcells and the amount of detoxification determined. 
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Cultures 

Flavobacteriumaurantiacum NRRL B- 184 was used in all experiments. The stock culture was 
maintained on trypticase soy agar (TSA) at 5°C. Before use in the experiments, cells were 
activated by two successive transfers in trypticase soy broth (TSB, Difco) and incubated at 
300 C. 

Determination of microbial populations 

Populations of F. aurantiacumwere determined by taking l-mL samples of test solutions and 
making appropriate serial dilutions in potassium phosphate buffer (pH 7.2, 0.1 M). One mL of 
each dilution was deposited and mixed in duplicate TSA pour plates. Colonies were counted 
after the plates had been incubated for 72 h at 30'C. 

Preparation of peanut milks 

Florunner type groundnuts were used throughout this study. Nondefatted peanut milk (NDPM) 
was made by first loosening the skin of groundnut kernels in hot water (79°C) for 90 sec and 
removing the testae as described by Branch (1984). The kernels were then dried for 24 h at 25°C 
and NDPM prepared as described by Beuchat and Nail (1978). 

Partially defatted peanut milk (PDPM) was prepared by first crushing the wholegroundnuts 
in a Carver Laboratory Pressc (Model C, Fred S. Carver Inc., Wisconsin, USA) with 9 to II 
tons of pressure for 45 min. The kernel testae were then removed by a groundnut blancher and 
PDPM prepared as described by Beuchat and Nail (1978). 

Growth and harvest of F. aurantiacum 

Ulavohacteriunt aturantiac'um was grown in both nondefatted and partially defatted milks, by 
inoculating 0.2 mL of a 24-h culture (about 101 cells) into duplicate 250 mL Erlenmeyer flasks 
containing 100 mL of autoclaved (121°C for 10 min)milks, Populations ofF.aurantiacum cells 
were periodically determined. In addition, the pH was monitored with a combination pH probe 
and meter during the growth period. 

Stationary phase cells of P.aurantiactomwere harvested by first inoculating about 101 cells 
into duplicate 250 ml Erlenmeyer flasks containing 50 mL TSB. After 24-h incubation at 30'C, 
the TSB containing the cells was centrifuged at 5000 xg for 15 min after which the supernatant 
fluid was discarded. The pellet was washed with potassium phosphate buffer and recentrifuged. 
The supernatant fluid was ag" indiscarded and the pellet was resuspended in 0.5 mL phosphate 
buffer. This final suspension was used in all survival experiments. 

Preparation, extraction, and analysis of aflatoxin 

Aflatoxin B, (Sigma®, St. Louis, Missouri, USA) was prepared as a stock chloroform solution 
(5 mg mL-1) and stored at -20'C in volumetric flasks covered with aluminum foil. All aflatoxin 
handling was carried out in a darkened area. 

Aflatoxin B, was extracted from duplicate samples using the method described by Ciegler et 
al. (1966). Extracts were then evaporated to dryness using a rotary evaporator, and the residue 
was redissolved in 5mL ofdimethylene chloride. The extracts were then subjected to the cleanup 
procedure described by Hurst et al. (1984). Cleaned samples were dried under nitrogen and then 
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reconstituted With high pressure liquid chronmatography (llPLC)-grade henzene-acetonitrile(98:2) to known volumes. Aflatoxin was isolated using thin layer chromatography (TIC); usingchloroform:acetone (9:1) as developing solvent. Aflatoxin 13,was quantified using a FOCI®spect roll uoronieter with a I.C scanner attachment (Farrand Optical Col. Inc. New York). Thespectrofluorometer excitation wavelength was 365 rinm and emission wavelength was 445 rim.Results are expressed as nicans of' duplicate readings from duplicate samplings. 

Treatment of phosphate buffer, NI)PM, and PI)PM with F. aurantiacumt 

Samples of potassiumII phosphate buffer, N)IPM, and PDPM were each (iIvided in half. One halfwas used to determine survival of1-. auraiiiacmiin the presence of aflatoxin B31and subsequentdetoxification. The other halIf was used as a control for survival studies. Aflatoxin B-con ta iii na ted milks were prepared by adding 10 ul. of the aflatoxin stock solution to the milksso that the final concentration of aflatoxii It, was I ug n1l.-I. Contaminated phosphate bufferwa, ,imilarly prepared except that [lie final concentration of aflatoxin was 5 ug m L-. Then50-Il. portions of andcontrol contaminated solhut ions were placed in duplicate 250-mLEr'lenimeyer flasks and heated at 121'IC for 10 mill to sterilize tie solutions and remove anychloroform present that resulted frori the addition of allatoxin I1.A cell stuspension (0.2 nil., about 10" cells) of a 48-h1 culture of '/. aurunliacumwas added toboth control and treatment solutions aid all solutions were incubated at 30"C in an incubatorshaker. Solutions were agitated continuousl)\ at 200 rpni. Cell populations and allatoxin BIconcentrations were quantified after 0, I, 2, 6, 12, and 24 i. 

Effect of proteolysis of groundnut milks on aflatoxin BI recovery 

P'rotein contents of NI)hNM and PI)PM\were determined by the micro-Kjeldahl method (AOAC1980) before they were used in tile proteolysis experiments. The milks were then contaminatedwith allatoxin 13,as described above. Triplicate samples of contaminated milks were takenbelore and after autoclaving for quantification ofaflatoxin It,. After autoclaving, samples wereallowed to equilibrate for 24 I at 30 C and then triplicate samples were taken. The milks werethen treated with protease, after which triplicate samples wete taken for adlatoxin aiialyses.The protease used in these experiments (type XIV, 5.8 Units m il: Sigma®, St. Louis,Missouri) was prepared by suspending 7.5 mg o protease in 7.5 mll of water; and sterilized byfiltration (). 22 un filter). Proteolysis was done a,, adding 5 units of protease to 100 inL ,nilk
and incubating both proteolyed and control (non-proteolyzed) milks at 20'C for 48 h, after
which aflatoxin content 
was determined. 

Results 

Flavo/acieriunaurantiacumgrew well in both NDPM and PI)PM (Fig. I). However, populations of viable cells increased more slowly in PDPM during the first 48 h. The presence of up toI pg mLI ofaflatoxin B, did not affect the growth of'/. aurantiuum in either of the groundnutmilks (Fig. 2). The presence of aflatoxin 13,did not reduce the viability of resting cells in either ofthe milks, or in the phosphate buffer (Fig. 3). These results suggest that this bacterium couldsurvive well in either liquid during subsequent detoxification trials.A major problem in comparing the degree of degradation among the samples was the lowrecovery ofaflatoxin from the samples at time 0. These initial recoveries averaged only 30%, for 
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Figure Ia. Growth of Flavobacterium aurantiacum in trypticase soy broth (TSB, pH 7.2), and tryptone
yeast extract-glucose broth (TGY, pH 5.9 or 6.5), b. Associated pH changes. 
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phosphate buffer, 51% for PDPM, and 82% for NDPM. At later times, recovery increased forall samples, and then decreased in all samples except for those of PDPM that had not beeninoculated with F.aurantiacwn. Because recoveries differed for the three media, the removal ofaflatoxin is reported as percentage of aflatoxin B, recovered at time 0.The addition of F. aurantiacum resulted in a reduction of the aflatoxin concentrations in bothmilks (Fig. 4), but the degree of reduction differed among the solutions. Reduction was greatestin PDFM (74%), followed by phosphate buffer (40"j). and NDPM (23%). In comparison,recovery of alfatoxin B, from contaminated milks not inoculated with F aurantiacum did not
significantly change during the experiment.

Results from other studies (Brackett and Marth 1982) have suggested that the binding ofaflatoxins to protein may affect the efficiency of their recovery during solvent extraction. Thelow initial recovery of aflatoxin 13j, acd the apparent increase in recovery over time (Fig. 4)suggested that a similar phenomenon might be happening in milks. This stimulated us todetermine the effects of proteolysis on aflatoxin recovery. Results of these experiments (Fig. 5)indicated that protcolysis increased recovery of aflatoxin t1 from by aboutPDPM 35%.However, proteolysis did not enhance recovery ofaflatoxin 13,from NDIPM (Fig. 6) possiblybecause the protein content of this milk ( 18.2 mg ml.-') was much less than that of PDPM (35.1mg ml--'). Thus, one would expect less opportunity for binding to protein. However, because of 
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Figure 5.Comparison of aflatoxin B (+BI) removed by Filaiobacterium aurantiacun (+Fa) inphosphatebuffer (PB) and nondefalted peanut milk (NDPNI) and partially defalted peanut milk (PDPM). Datareported as the percentage of B, recovered at time 0. 
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Figure 6. Effect of proteolvsis on aflatoxin B, (+BI) recovery from nondefatted peanut milk (NDPM)and 
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insufficient knowledge of aflatoxin-protein binding, the actual effect of groutidnut protein on 
aflatoxin B, recovery is not yet known. 

Discussion 

Results of these experiments confirm those of earlier studies (Ciegler et al. 1966) in clearly 
demonstrating that F. aurantiacum can reduce aflatoxins in some foods. Although it is likely 
that a detoxification system using this bacterium would work best for liquid products, it "as also 
been shown to work with whole groundnuts (Ciegler et al. 1966). 

One of the major problems in using F. aurantiacum to detoxify peanut milks is that this 
organism is brightly pigmented orange-pink. Thus, the addition of the bacterium to the clear 
white milks results in a discolored product. In most cases, this would be considered an 
undesirable quality. Moreover, a thorough evaluation of the safety of this organism would be 
necessary before it could be added to foods or feeds. 
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The potential 
 for using metabolic systems associated with F. aurantiacun, offers 
 morepromise for removing aflatoxins from foods or feeds. However, much more work needs to bedone on both the basic physiology of this bacterium, and the mechanism it uses to degrade
aflatoxin. 
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Discussion 

S. Nahdi. You said that the organisms removed the aflatoxins, but do they not merely adsorb
the aflatoxin molecules? If this is the case, and you change the substrate environment, could the
adsorbed molecules again enter into the media'?T.O.M. Nakayama. We have not determined whether the aflatoxin is merely adsorbed orbroken down. Our experiments merely nhow removal.F.S. Chu. Concerning the mechanism of removal ofaflatoxin by F. aurantiacum, two possiblemechanisms might be involved: (I) Ifaflatoxin B, is metabolized to aflatoxin Bz,, aflatoxin B,,-may then form a "Schiff's base" with the amino group in proteins; or/and (2 )aflatoxin B, may beactivated by the bacterium and then react with DNA and other proteins.I.A. Rana. You have suggested that the aflatoxin molecule breaks down at a suitable pH totwo aldehyde molecules which behave as sugars and react with protein to form a Schiff's base. Isthis reaction possible at room temperature? I believe heat is needed for this reaction to occur.T.O.M. Nakayama. I believe it occurs at ambient temperature, but it would be more rapid atelevated temperatures. 
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H. Amra. Can this method of biological control by F. aurantiacum be used on a large scale? 
T.O.M. Nakayama. Not at present. 
B. Singh. Does this bacterium cause flavor problems or color problems? Have you thought 
about the practical aspects of this problem? 
T.O.M. Nakayama. We did not consider the method to be a practical one, but rather a tool to 
investigate the basic processes involved. 
T. Shantha. You said when toxin was added externally, that 70% was removed. Did you 
conduct the experiment on natuially occurring toxin'? 
T.O.M. Nakayama. No. 
1. Shantha. In my experience, an added external toxin behaves somewhat differently from a 
naturally occuring toxin, and is less difficult to remove. 
A.H. Siwela. Assuming that aflatoxin 13,is metabolized to aflatoxin 132., and binds to protein 
by forming a Schiff's base, then surely the activated epoxide species must bind covalently to 
DNA. What is its mutagenecity on IFaurantiacumn? 
T.O.M. Nakayama. No studies on mutagencity were conducted. 
V.K. Mehan. How popular is peanut milk in the USA? 
T.O.M. Nakayama. Peanut milk is not a commercial product in the USA to my knowledge. 
There are other nondairy milks produced, but not specifically from groundnuts. 
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Detoxification of Groundnut Seed and Products in India
 

T. Shanthal
 

Abstract 

The exposure of groundnut oil contaminated with allatoxin B, to bright sunlight for a given 

periodof time cornpletely destroysthe toxin. The saltyandshelf life of the sunlight-exposedoil 

have been confirmed. Allatoxih is present in finely suspendedsolidsin the oilandmost ofit can be 

removed by filtration or by extraction with 10(7 NaCl. Aflatoxin-contaminatedgroundnut 

kernels (0.5-mnm thick flakes) can be partill' detoxilied if exposed to sunlight for 14h. To remove 

allatoxinfrom groundnutcake. 50t alcohol, acetone, methanol, or I i, calcium chloride can be 

used. ireating ,he protein isolate with Ih'drogen peroxide, and groundnutsin the form of thin 

flakes or groindnutcake powder with urea and sovabean flour, with or without formaldehyde 

can destroy 90'. of theirallatoxincontent. 

Risum6 

Datoxification des graines d'arachide et de leurs produits : L'exposition de I'huile contarnin6e 

par IllatoxineB, au soleilpendant une duroc dcterinepermet de d~truirecomplktement la 

toxine. II a t confirnieque cc traitenientdonne trne huile saine tout en prolongeantsa duroe de 

conservation. (I ne grandepartiedelaf7;atoxiiepr'sentedatis les particules itessuspenduesdans 

Ihuilc peut etre enlevec par la filtration ou par l adjonction d'une solution de NaCI ,) /0,. 

1. x.position au soleil pendant i4 heures de grainesd'atachidecontaminbes(6cailles fines de 0,5 

mun) perniet de les detoxificr partiellement. L.c traiteoient par l~dcool ;' 50C , I'dctone, le 

tntthanoloi le chlorurede calcium I': Massurela detoxificationdes tourteaux. Le traitementdes 

isolats de protcincparIeau oxygence et celui des arachidesen cailles fines ou en poudrepar 

I'urce et /a f1rinc de so/'a, avec ou sans formaldhWe,' suppriment 90(', des aflatoxines. Les 

bcOfices et les itcontnientsde ces tncthodes sont discutes. 

Rcsimene 

La elimninaci6n de toxinas de la semil!a de cacahuate y otros productos en la India : La 

expegsici6n del aceite de cacahuatecontaminado con afatoxinaB, a la luz solarintensadurante 

un lapso de tiempo determinado,destruve cotmpletamente la toxina. Se ha confirmado que el 

aceite expuesto a la acciuin de la luz solar es complctainente itocuoY se conserva en buenas 

condiciones conerci:,lesen fornaprolongada.La allatoxinase encuentrapresenteen forma de 

silidos finamente divididos J' suspendidos en el aceite, Y l mayor parte de 6stos puede ser 

I. 	 Scientist, Iiscipline of Microbiology and Sanitation, Central Food Technological Research In titute (CFt RI), Mysore 570 013, 

Karnataka, India. 
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eliminadosporfiltraci6n o nediante extracci6n con una soluci6ndeNAC1 l 10g. En losgranosmolidos de cacahuate(en formade escamasde 0 .5mm de espesor)contaminadosconaflatoxinas,es factible eliminarparcialmentelas toxinas, mediantesu exposici6n a la acci6n de la luz solardurante 14 horas. Paraelimninartotalmente las atlatoxinasde la torta de cacahuate, se puedeutilizar alcohol al 50 , acetona, metanol, o una soluci6n de cloruro de calcio al 196. Eltratamientode Ia proteinapurificadacon aguaoxigenada,Y de los cacahuatesmolidos en formade escamas delgadaso pulverizadascon urea v harinade sova, con o sin formaldehido,puededestruirel 90Ki de su contenido de al7atoxinas.Se discuten las ventajasy las desventajasde estos
procedimientos. 

Introduction 

Aflatoxin contamination ofgroundnuts is a serious problem in India where the average level ofaflatoxin in groundnuts is about 100 pg kg-' (survey by Central Food Technological ResearchInstitute (CFTRI), Mysore), and in groundnut oil about 170 mg kg-' (Shantha and Sreenivasamurthy 1975), 
 levels that are not acceptable to the Indian Standards Institution (!S1)
international or anyagency. A general practice is to handpick healthy seeds for export and tablepurposes and to divert the remainder to oil mills. About 15% of the total toxin will be carried inoil and 85% will remain in the cake (Basappa and Sreenivasamurthy 1974). Depending on thequality of the raw material, the oil often contains aflatoxin above the permissible limit of 30 ,ugkg-'. The extensive research work carried out by CFTR Ito decontaminate groundnuts and theirproducts is reviewed. 

Methods Used to Detoxify Groundnut Oil 

Photolysis (Shantha and Sreenivasamurthy 1977) 

CSince toxin in oil is in the form of very fine suspended particles, it is inactivated by exposure tosunlight (50 000 to 100 000 Lux) for 15 to 30 min. Ultraviolet, infrared, and visible light(Tungsten lamp 150W) could not individually detoxify oil to any significant extent in 2 h (Table1). Sunlight can destroy 100% of the toxin in about 15 min but since the other lights are not sostrong as sunlight, prolonged exposures (18 h) are necessary to significantly decrease aflatoxin 
content.

Detoxification by photolysis was verified by a feeding test using albino rats. Rats fed on
photolyzed oil showed no abnormalities.
Exposure of oil to direct sunlight is more effective than exposuredestroying the toxin as to ultraviolet light inmeasured by fluorescence or biological activity. Such oil retains itsorganoleptic quality even after being stored for 3 months in the dark. (Shantha and Sreenivasa
murthy 1980). 

Extraction with sodium chloride 

Extraction ofcontaminated oil with a '0% aqueous solution ofsodium chloride (1:4) at 80'C for30 min removes 85% of the aflatoxin from the oil (Shantha and Sreenivasamurthy 1975). Any oilmill with facilities to refinc crude groundnut oil can easily follow this method. 
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Table 1. Effect of light of different wavelengths on aflatoxin content of groundnut oil. 

Aflatoxin content (pg g-1) 

Oil exposed for 2 h. Oil exposed for 18 h. 

Before After Destruction Before After Destruction 
Source of light exposure exposure (%) exposure exposure (%) 

Shortwave ultraviolet 0.2 0.17 45 0.11 Not estimated Not estimated 

Longwave ultraviolet 0.17 0.10 40 0.11 0.015 87 

Tungsten lamp 150W 0.17 0.13 30 0.11 0.022 82 
(visible) 

Infrared 0.25 0.25 0 0.11 0.033 73 

Filtration 

Based on the principle that aflatoxin isin finely suspended form i oil, special filter pads were 
developed by Basappa and Sreenivasamurthy (1979). 

Use of two such filter pads to filter 100 kg of contaminated commercial groundnut oil, at a 
filtration rate of 12 kg I -', resulted in an average removal of 88% of the toxin. 

Detoxification of Groundnut Seed and Cake 

Aflatoxin in groundnut oil can easily be detoxified by sunlight as it remains in finely suspended
form, but in groundnut seeds or cake it is bound to the protein molecules (Shantha and 
Sreenivasamurthy 1981). Sunlight cannot destroy this bound aflatoxin, so it is necessary to use 
alternative physical or chemical treatments to detoxify seeds and cake. 

Detoxification of groundnut meal by hydrogen peroxide 

This method (Fig. 1) uses hydrogen peroxide and alkali to destroy the toxin. It is the most 
suitable method of detoxification, because hydrogen peroxide does not leave any residual taste 
or smell in the product, and the safety of detoxified products can be demonstrated by feeding 
tests in ducklings. 

Removal of aflatoxin by salt solutions 

Several salt solutions are effective in removing toxin from groundnut meal. Results (Table 2)
indicate that I 1, calcium chloride is better than other salt solutions since it removes 80% toxin 
with only 6% protein loss. 

Removal of aflatoxin by various solvents 

Among different solvents tried at CFTRI, stirring contaminated powdered groundnut cake in 
50% ethyl alcohol adjusted to pH 4.5, and then exposing it to sunlight for 6h was found to 
remove about 70% aflatoxin. 
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Figure I. Sitjpwiie Inetlho orf(llo(xJfitilln ujitill hydrogen lperoxide. 

)etoxification of groundnut flakes by sunlight and urea 

When groundnitut flakes 0.25- to 0.5-mm thick are spread in thin layers under sunlight of' 
50000 100(000 L.ux for about 14 h, (r' of aflatoxin I3 contamination is lost. Pretreatment of 
the groundrm flakes with urease enzyme from soybean I'lour and urea ini aqueous solution
enhances detoxification by sunlight (Slantha ct al. 1986). This method call remove 85 90%(tof
the toxin and any residual anmonil canl be removed by blowing air at 60"' through the
det(oxificd product. Sirwe this method isircxpnllsive arid prcliminary toxicological and nutri
timial tests on rats havc shown it to he sale, it has potential use for the (letoxification ofcake used 
for cattle feed, even though the product is dark brown. 

Tible 2. Extraction of aftlaoixin 1)y direren salt s(dutions. 

Prolei Initial Residual toxin 
extracted aflatoxin aflatoxin extractedSalt solution e1)(%) (mg kg (mg kg-) (%) 

NaCl (21,'; 8.0 10 
 5 50Na UI (V:( ) Negligible I0 10 0
NaII(Q (1 ) 33.0 10 0 1(0
C('I ("I;;) 6.0 10 2
Sodiuno citrale (1%) 

80 
It) 000 

NaIICO,1 NatlP0 4 (1, pli 7.4) I) 7 30

liufler (carhoate + bicarbonate phl 9.(5) 10 2 80
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Detoxification of groundnut cake by urea-urease and formaldehyde 

The addition of formaldehyde to moisten groundnut cake, to the urea-urease treatment outlinei 

above enhances tile detoxification effect, but the method required high temperatures (12 P°C for 

30 rain), and although 95% of the toxin isremoved, the available lysine and methionine contents 

of the product are reduced. 
Prelimnnary feeding tests using rats indicate that the treated product isnot safe if used as a sole 

source of protein. However, it has not been tried on cattle and since it isreported that ruminants 

can metabolize formaldehyde and formaldehyde-treated groundnut meal (Codifer et al. 1976). 

Groundnut cake treated with urea, urcase, and formaldehyde could be tried as a cattle feed, 

provided toxicological tests were first conducted to prove its safety. 
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Discussion 

I.A. Rana. What is the cost-effectiveness of the urea formaldehyde method? 

T. Shantha. We have only recently established this method and have yet to work out its cost 

effectiveness. 
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Methods for Aflatoxins Analysis
 



Current Immunochemical Methods for Analysis
 
of Aflatoxin in Groundnuts and Groundnut Products
 

F.S. Chu' 

Abstract 

With the availability ofspecific monoclonal and po.vclonal antibodies against mycotoxins in 

recent years, simple, sensitive and specific radioifmm unoassa (R IA) and enzyme-linked immuno

sorbent assays (EL ISA) of nycotoxins have been developed. The sensitivitiesof RIA were in the 

range ofO0. 1-0.5 ng and of EL ISA 2.5-25 pg assay' .Simple and quick irnmunoassay protocols 
(EL ISA) for monitoring alkatoxin 1t,i groundnuts and groundnut products, that require less 
than I h to complete, have been developed and successlilly tested in naturally contaminated 
groundnut samples at levels about 5;:o 10 pg kg-1. In addition, antibodies against mycotoxins 

have been used as an immunohistochemical tool to monitor n vcotoxins in tissues and for the 

preparation ofimmunoaflinitvcolumnts that were then used, eitherforallatoxindetermination in 

groundnuts, or as a cleanup tool for aflatoxin analysis. Details of recent progress on the 

production ofantihodis. antibodyspecificity, and the advantagesanddisadvantagesofdifferent 

immunoassavs, as well as problems associated with imnmunochemical research on mycotoxins, 

with emphasis on allatoxin, are reviewed. Emphasis is centered ontthe immunoassays ofaflatoxin 

in groundnut products. 

Resuni 

Les milhodes immunochimiques courantes de I'analyse des aflatoxines dans les arachides et leurs 

produits: La dcouvertercente des anticorps monoconaux et polyclonaux sp~cifiquesaux 

m'cotoxines a abouti Ala mise au point des tests d'une simplicit6, sensibilite et spcificit6 
adquates,notamment le radio immuno dosage (RIA) etla m~thode immunoenzymatique de 

dosage des anticorps (EL ISA ). La sensibilit6 du R IA varie de 0. I 0,5nget de 'ELISA de 2,5A25 

pgpar essai. Des protocoles"ELSA simples demandant moins d'une heure ont 6t6 6laborspour 
le dosage de I alatoxineB,dans les ara 'hidesct lursproduits. Ces essais ont permis d'analyser 

-
avec succs les bchantillonsayantsubiuie contaminatio natureIllede 5-I0,ug kg . Les anticorps 
des mycoloxines sont uti/isbs en tant qu 'un outil imnimunohistochinique afin de doser les myco

toxines p,-6sentes dans les tissus et d 'tablir Ics colonnes d immunoaffinit6. Celles-cisontutilesau 
dosage de l'aflatoxinedans les arachides, et ) Ia purification pour lanalyse des aflatoxines. Le 

progrs rbalis6 dans la production des anticorps, a spbcificitW des anticorps ainsi que les avan

tages et inconvbnients des diffrents tests immunochimiques sont examin6s en m~me temps que 
les problmies /ic',s la recherche immunoehimique sur les mycotoxines, en particulier les aflato
xines. L 'accent est mis sur les intthodesinmunochimiques d valuationdes aflatoxines dans les 
produits arachidiers. 
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Resmimena 
Mitodos ininlunoquimicns cornunes para analizar las aflatoxinas ell el cacathuate ysus derivadosCon cl recicntledescubriinntode antlicuerposinonoclonalesy polichnales especilicos para lasInlicotox.inas. se han desarrolladopruclhas sencillas. inu'vsensihles t'especilicas, tals como laseuantilicacincs lipo radio innuiolgico (R IA) v /imrtodo in'nuno'nnmitic, 1c cuantilicachindeaniticuerpos(F. 1ISA). Lasscnsihilidadesdl R IA variande 0.Ia 0.5 ngy (t EL ISA de 2.51 25pgporprucha.Se han dcsarrolkdosercillos v rpiiosproltocolos FI.ISA. para hi cuantilieachin 

de allaoxina 11, enIe aclhlate y sits derivado., quii requlerenelectIuar,e€ Y uie s han proado con 
ienos (l na hol', par,exito ell /nesra.,de cacahuate contatilllids baloconIdictiones ritrmnIes, a miles de 5 a 0 li' kg . Los anticuerpos de las inicoto\xinas hin sidouliliuadosconlio 1in procediliento intnniohi.soquiail a Ic C;Ilatilichacit$ni de nlicotoxiinasen tcjidosy para hi preparacindeic ucohnnias dc innuloalinidtad,que posletriorcinese utiliza

ban. ya sea para la uletertuinacioti de allato.xinasen cacalluates.o en cl ploceso dc e.xtlraccin v1"lavado"en ci analisistl allatoxinlas. Sc c.xaminanl los avatces itcientes en hi producchin Alean ticuerpos, hi especilicidad (h-hos anticuerpcs. pitiehasif)nIunitluinicas, asi c ino problemasasocialdos coil ISill 'esllglciolnsitillnllnoqllirlnica .sohre micotoxinas. ' ilatelraIadn especialsobrelisallloinas.cSehacehicapicen los nictodo,is Illmtllluhniiio.spar, cuantilicarlisallatoxinas
ell produclos dcerlvdoas d/ cacahualte. 

Introduction 

The main objective of this paper is to describe current immunochernica l methods for analysis ofaflatoxin in groundnuts. I appreciate the opportunity to share our experiences in this rapidly
developing research area.

Contamination of allatoxin in groundnuts and groundnut products was first realized in theearly 19 60s and this led to a renewed interest in research into nmycotoxins. Further studies haveled us to not only recogni/e that groundnuts under certain conditions are prone to invasion bythe aflatoxiu-producing fungus ,'l.Vwrgilliui./ivis,but also to understand the potential hazardsof the presence of afhatoxin and other rivcotoxins in fods and leeds to human and animalhealth. Because the mycotoxin problem is dfifficult to avoid, the most effective measurecontrolling the problem depends in 
on a rigorous program of noriitoring such toxins in food andfeeds. Consequently, there isa need to develop a sensitive, specific, and simple method for toxindetermination. The rapid progress in this area of research is evidenced by the vast numbers ofresearch papers cited by the "General Referee on Mycotoxirs" in the "Annual Report onlMycotoxins" which appears every year in the March issue of the Journal Il the Association ofOfficial Analytical Chenists (AOAC) (Scott 1986). This paper concentrates on irirnunochemical methods for detection and quantification of niycotoxins, an area of research with which wehave been heavily involved for the last 14 years. l)etails of aflatoxin analysis by other reth, dsand other cornincdities are available in several recent reviews (van Edgiond and Paulsch 1986,

Cole 1986). 

General Considerations for Mycotoxin Analysis 

Because of the diversity of their chemical structures and physicochemical properties. approachesfor mycotoxin analysis vary considerably. The analysis is further complicated by the unevendistribution of toxins in the sample as well as interference from the sample matrix, in which 
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different interference materials are present in different samples. Consequently, different proce
dures are used for different commodities even withinia group of mycotoxins, and this is the case 

with aflatoxiris. For example, the A()AC procedure o'oranalysis of aflatoxin in groundnuts is 

different from those used for nai/c, cottonseed, and other nuts (Iorwit/ 1980). ingeneral, the 

suspected contaninated commodity is first subjected to a rigorous sampling program (Campbell 

et al. 1986). The toxin is then extracted from the sample and sub jected toa cleanup treatment to 

remove interference substances before analysis. Inthe actual analysis, methods for separation 

and quantification are included in atsingle step. In some instances, it is necessary to derive the 

toxin before separation and quantifi'ation. In addition, known standards arc included inthe 

protocol to assure the identity of the toxin present in the sample. 

With so many steps inolved, the analysis o allltoxins by chemical methods is time consum

ing, and each step could introduce errors into the analysis. Tius, coeflicients of variation of 

morc than 30"1 arc not uiconilion (,.ai FIdgnond arl(lPaulsch 1986). To overcome difficulties 

encountered with the chemical anod biological methods. immunological methods have been 

developed for mlycotoxins assavs (Chu 1984, 1986a-d, CGarner et al. 1985). Methods have been 

developed for the production of specific antibodies for the iiost important mycotoxins, includ

ing aflatoxin lB, and some of its metabolites (('fin 1980d, ('ho et al. 1985, Garner et al. 1985), 

diacetoxyscirpeol (('fil ct al. 1984, Zhang et al. 1986a), dcoxynivalernol ()ON) and related 

vco(oxiris (Zhaing et il. 1986h, Kemip ct ill. 1986), kujic acid (Abdalla and Grant 1981), 

ochratoxir A (('hu 1986(d), patulin ( Mehl etal. 198,), rubratoxin i (('hu 1986d), sterigruatocys

tin (('liu 1986d. Moigan et al. 1986a), 1-2 toxin and its nrlor inetabolites (Chu 1986d, Fan et al. 

1987a, Wei et ill. 198 , Zhang et al. 1980a), and /caraienronc (('hu 1986(f). 

Ihesc antibodies have been utili/ed iii radioiriunoassirys (RI A) airil ermie-linked immun

osorbent assays (I .ISA) for the estimation of mycotoxins (Chtu 1984, 1986d). Specific antibo

dies have also been used as ifimur[ohistochenrical re:igents for monitoring mycotoxins in animal 

tissues (Pestka et al. 1983, I.c et al. 1984a, b). Inaddition, antibodies have be,'n conjugated toa 
solid phase and then usee in ininunoassas ((roopnanet al. 1985, Sun and Chu 1977, Wu et al. 

1983) arnd by alfinity columns for purification and concentration of mycotoxins in biological 

fluids. As a result of these developments, a new dimiension has emerged for myc oxin analysis 

and lfor diagnosis of niycotoxicoses in huranis and aniimals. Several kits for the analysis of 

allatoxins by iniuunochemnical methods are commercially available. 

Mycotoxirrs are rot antigenic. Iencc, they must be conjugated to a protein or polypeptide 

carrier before iflriini/ation. Methods have been developed to conjugate mycotoxins to pro

teins. Although in earlier studies polycloal antibodies produce( iii rabbits were used, more 

recently rnonoclona lantibodies specific for mycotoxins have been used (Fan et al. 1987c, 

Gendloft ct al. 1987, (iroopmrian et al. 1984, Iunter et al. 1985, I .ubet et al. 1983, Sun et al. 1983, 

Woychik et al. 1984). Approaches used for tileproduction of antibodies against aflatoxins are 

shown in Figure I. 

lhe effectivcness otlthe atriibodies used in (Iifferent immunological studies is dependent upon 

their specificity and titers. Whereas specificity provides inforrnation on the cross-reactivity of 

antibody with different toxin analogs (quality), the antibody titers express both the quantity and 

quality. -xperimentally, the antibody specificity is measured by a competition binding assay 

with different structurally related analogs, whereas t he titers are measured by tie arnount of a 

specific marker ligand bound to the antibody. lie specificity of an antibody is determined 

primarily by tie chemical structure ani( conformatiorn of a mycotoxin, its derivatives, or its 

metabolites, that have been used in tIre antibody production, and the site in the mycotoxin 

molecule where linkage was made for co'ijugating to a protein carrier. The side chain groups in 

tie whole molecules also play important roles. It is very important to determine the specificities 
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of particular antibody preparations prior to using them in im.munoassays. [or future reference,the specificity of antibodies for aflatoxins prepared by different approaches is presented inTable I. It is apparent that when rabbits immunized with conjugates prepared by linking thecarboxymethyl oxime of alatoxin BI (Biermann and Terplan 1980, Chu 1986d) and aflatoxin
Mi ,'Chu1986d, Woychik et ;tl. 1984) with polypeptidcs, tie antibodies generally recognize the
dihydrofuran portion of the molecule. They can also distinguish tile structural variation in the
dihydrofuran portion of allatoxin molecules. Antibodies highly specific against aflatoxin 13,and
allatoxin MI were produced in this manner. These antibodies have been shown to he very usefulin the monitoring analysis of allatoxin I13in agricultural commodities (Chu 1986d) and allatoxin
MI in milk and urine (Chu 1986d, Fremy and Chu 1984, flu et 1]. 
 1983). When conjugatesprepared through the dihydrofuran portion of the allatoxin molecule were used in the immunization, the antibodies had a specificity directed toward the cyclopentenone ring. Antibodies with
similar specificity and a wider range of cross reactivities were obtained from rabbits whenconjugates prepared by coupling aflatoxin B,,,, aflatoxin BI diol, and aflatoxin 131 chloride toprotein were used for immunization ((Thu 1986d). These antibodies have been shown tocross-react with aflatoxin 1,-DNA adducts and other related compounds. With such 
a wide
spectrum of antibody specificities, the aflatoxin B2. antibodies were demonstrated to be useful 
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Table 1. Specificity of antibodies obtained from rabbits after immunization with different aflatoxin 
conjugates'. 

Aflat(xin used 

(onjugates 
2uised I1 1G. G, , M) P ,Q, , 

13SA-CMN O-1, 100 11 I •I - 6 3 
100 100 33 I 1 - - 100 

PI.I.-C'M ()- It 
PI.I.-CM -1., 

100 
100 

43 
19 

15 
2 ' 

5 
-

I 
I 

.I 
<I 

8 
I 

-

-

l3SA-11.,, 100 13 3 .:1 6 8 <.i 
100 25 • ,I I 125 I 

1SA-11-('l 4 100 238 3 2 3 - -

I SA-B:..,-IlG 100 1) 6 <1 2 II -1 

2 2 8 15 2 - -

BS3A-CNM()-M 56 1 .- 1 , 1 100 <I 1 
I .I -1 <I 100 .- 1 ,1 

IsA--Q-II
II.SA-Q:., 

100 
I 

I 
-1 

1 I - 3 
I 

33 
-

I % I' I%ItlIc II, ISA-(6:,, atinh oti uc h are Iclatl w toM rcscd its ttVaCII ,I " ii .itoalhlt excpt IISA-(5I)-N1,. and IISA-Q.2. 

.1ltt kol (%.. .1 Ind )2.I rIcpc n tio Ih ti . ' e ohint'ed I imnbuth I ,% an(i I I Is,%% ((hi Im X I (ianer ct al 1,)15 I 

2 IIa,,\b ib l il" ,,thI . \1(0 Cai h.t i,-inti lithItsln Ill uIstisghli , I I II1 LtJccint'cIn., il I' I pol lIIln 

4 iI .11 i chId t. , I it HIA,,, \AI doI IdIrt Iit\ (ulliga 

inliunohistochenlical reagents for monitoring aflatoxin 13,in liver nuclei. Antibodies against 

aflatoxin Q, also had a wide spectrum of specificities against different aflatoxins (Chu 1986d). 

Immunochemical Analysis of Aflatoxin in Groundnut 

Although a number of inrnlunochemical methods have been used for the analysis of biological 

substances of small molecular weights, only three methods; R IA. Ei.ISA, and affinity binding 

assay, have been developed for the analysis of ynyc(toxins in different foods and feed. All these 

methods have been tested for the analysis of aflatoxin in groundnuts. [lie first two methods are 

based on tie competition between tie unlabeled allatoxin in the sample and the labeled 

aflatoxin in (lhe assay systefm for the specific binding sites of antibody molecules. In the RIA, a 

radioacti ,e aflatoxin is used. -1hus, tile specific activity of radioactive ligands plays an essential 

role in the sensitivity of RIA. In tile IElISA, either the toxin-entynle conjugate, or toxin

polypeptide is used. [he affinity binding assay involves the use of an antibody column that 

specifically traps the aflatoxin ifI the colun (Sun and Chu 1977, Groopman et al. 1985, Wu et 

al. 1983). The toxin can then be luted from the column for subsequent analysis. This method 

can only be used for aflatoxins and mycotoxins that fluoresce with high intensity. 

Radioimmunoassay of mycotoxins 

The R IA procedure involves simultaneous incubation of a specific antibody with a solution of 

unknown sample or known standard, afnd a constant amount of labeled toxin. After separation 

165 



of fte free and bound toxin, tle radioactivitv in each Iraction is then leteruhnd. |he toxinconcentration of the Linknownl saniple is determined by C niparing the results to a Standardcurve established by plotting tlile ratio oftradi(oactvities in the bound fraction and free fraction)vslog concentration of, unlabeled standard toxin. R IA can detect even 0.25 0.50 jg of puriiednlycolxinr per assay ill a standard prpc.aralion. Ill lie presence of a sample matrix, tie lowerIlimits for mycotoxin d(etcctloll ill lood or hd samples is aboult 5 mg kg I oflpurificd my1Ncotoxinin a standard prpa~ialinn. Ili s'nsiivik\, oh RIA can he improved hy partial purification of fhetoxins (('hu 1986d, lee and(l h(u"h1981, Qian t al. 1984, Xu ea!. 1986). R IA can only be used in alaboratolrV which has facilities lor dete'ining radioactiv liganlds. 

I'nzymt-iihked inimmnosorlent lsslys 

Two lypcs of ISA have been used lot ihe analysis of livcoloxins; both are heterogellouisco mpet it iye assays which involve the separation of free (,ir(-actcd) toxin inonie phase (generallyliquid) flomu tile hound to(xsn in another (solid-phase). One tvpe, direct i.ISA, involves the useof mycotox in allatoxin-en/vuie c(.'niigalc and lhe other systeim, indirect [ISA, involves theuse Of a protcin-nilVcothoxili allaloxin t-otijligate and secondary antibody such as goat antirabbit Ig( to which an elivl, ichas bee)n Col'lIUgaend. Allhough horseradish peroxidase(II iP)tle Most comolnly used as e lvini elo conjugalion, other ell/vmes such as alkaline phosphatase and beta-galactosilase haive also been used (('l 1986d). 

)irect compelitive IIISA. Ill this assay, specific anlibodies are first coated to a solid phase,e.g.. polystyrene t iibcs (llicrmann a Ind Iollerll 1980), rv*lnll beads, and f'Irisaki plates (Pestkaand ('fll 1984); riiost comimonly a unicroliter plale ('lhi 1986d) is used. Thie sample solution orstandard toxin is gencrally incubael (0.5 to 2 h) siinillancously with cr/ynie conjugate orseparately incuhated in two steps. After appropriate washings, the amout of' eniynlc bound tothe plale is dltermirnlcd by incubaliol with a substile solutlion loi' an appropriate timle.resulting colo is thieri TLemeasulcd specl'ophol tf etricall or, by visual comparison with 
stlarl r iIs. 

Scve ral protoco)ls have been reported (('hi 198 6a-nl) for fie analysis of aflatoxin in groundnuts and relateld plroducts by tile direct complltit, IAAS A in themilicroplate formal.protocols develop(d Thein arlier studies took a rather long liile (o complete, and had largestandard deviations and coeflicieiis of valiatio l for each sample (('fll 1986d). We have recentlydeveloped a new 'LISA prolocol Iou' qiuantitive analysis oftalflatoxir Hl in gro unduits andniai/e (('hu elial. 1987) using a microplate coated with aniti-allatoxir antiboldy. Ii this assay,afllatoxin-contlainiraltc( samples were first extracted with 70(,'; methanol inwater containing 1%(imtrihylloruallide (I g of grouinliuls ii 5 nil.lof exiraclion solvent), dilutedl(sodliumn-phosphate buffer, p11 7.2, 0.01 moll. 
with assay buffer 

I with 0.15 moll. Itof NaCI) to a final concentration of'3t't. nethanol and then dir(ectly subjlecte d to the following [ISA procedure: (a) 50 pi.of' alatoxin standard or liluted sample was added to each well followed by 50 pl. of allatoxirntl RI conjugate, and plates were then incubated at room eriperatnure (25-28" () fort ither 30 or10 min (for screerning test); (b) tIle
wells were washed with 300,pI. (ifassay buller 3 to 5 times; (c)100 p.1. of en/Vlle substrate was added, followed by incubation at room temperatiure f'or 10 ruin;anld (d) 100 u1l, of' stopping reagent was aIded anid absorbance measurenl at 490 rim. Thus, thewhole ISA took less than one hour for quallntitative analysis and less than 30 min for screeningtests. In this assay, aflatoxiri ill the sarmple anld toxir--eniyme conjugate competes for the same
binding site with the antibondy coaed to tie solid phase. 
 Since the toxin-enzyyme (l-I-Nakib et al.198 1)and antibody coincentrations ar constant, the color intensity that results from the cnzymc 
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Figure 2. EIAISA staindard curve for aflatoxin III. 

reaction is inversely proportional to tie toxin concentration in the tested sample. A typical 
-I
standard curve for this assay is shown in Figure 2. The analytical recovery for 5-100 Pg kg

aflatoxin Il maize ineal was for peanut butter, 95.4%. The interwell andI added to 901,%; and 

interassay coefficient of variation was 10('j or less at the 20 ug kg I level and above. Excellent 

agreement for aflatoxin levels in more than 30 naturally contaminated maite, mixed feed, and 

groundnut sanples were found between tie ITI.ISA data, and the data obtained from different 

independent laboratories using ITC or other analytical methods. 

In a more recent study, we evaluated this protocoli aga inst a collaborative study on a new'fl.C 

method for raw groundnot iieals and peanut butter. Again, we found good analytical recovery 

for athatoxin added to tlie samples at levels above 10 mg kg-1 . H1owever, we also found that the 

coefficient of variation decreased to less than 10i, at the 10 mg kg- level when an additional 

extraction step of sample extracts with hexane before FI.1.SA was incorporated into the 

protocol. A sinilar protocol with longer incubation time for the analysis of aflatoxin B, in 

groundnut and related products wits described by Ram et al. (1986) who included a defatting 

procedure for the peanut butter samples before EIISA. To overcome the interference problem, 
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these investigatoirs u.1(d allatoxin-free sample extracts in tlie preparation of standards (Ran cal. 1986). rhese new protocols hase been used in the analysis of naturally occurring aflatoxin ingrourdnut prodncts (('fll e al. 1987, Ram ct al. 1986, Zhu ct al. 1987).The sensitivity, analvtical time, and assay range of different iI.ISA protocols for analysis foraflatoxin in groundlnis arc co lpared in fable 2. In general, direct [lISA is approximately10-100 times moic senslie than RIA when purified aflaloxin Httis used. Quantities as2.5 low as5. pg g oo pr mY o xii can he ieasurel. IHowever,containing various toxin Concentratirions were 
when dilerent commodities 

hie 
tested, tile lower limit Ior detection was colnpara.), or slighily better than, iliat obtaincd by RIA. A major advantage ol'LISA is that it dfoesnot use radioactive ligand. Since toxin purilication is not necessary,n;h.e within a relativcly short pcid.I.ikc RIA, Ihe scnsitiv 

many samples can he 
partlial purilicalion ot t1re ofioti.\ri [remy and ('hl1985, lieno 

1984, Ilu et al. 1983., Martlhaucr and Terplan1985). Amounts of aflatoxin I1l us low as I mg kg in peanut butter can hedetermined (Irlno 1985). 

iuhie 2. (omparison of different E.iA protocols for analysis of aflato-An Ill in groundnuts andgrounlnuit products. 

XItraction Standard I)etectionIncurhalionProtoct fangesolscnts ('leaniup limits Samplestime (11)1 (pg we'll 1), (Pg kg 1) tested1)-I II- N hit # 0.5sD)-2 25 1001055"'; MOWli hexane 3 5 I'llN 0.56 * a (.25s 12.51)..l ('1rtootorim * ''.ier 
3100 5 10 1), 1Ii 

DA-, 70i Me()ll Y 1bs+ a l uia + 0.25s 10 10100N 01.5a * (.17 1 PHJ
I-I II1" 5 SO 5 10 1), PHN 0.Sh ( #n* O.8aa +0.0s 20 10001-2 50'- WUN 5 PHN .la * 2aa # 0.25s 0.2 10 0.25 PIH 
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I I r s rII I la 'ind ( fill '9h4. I-2 i' gi tnt'l I 5,ll
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Indirect EISA. In the indirect 'I.ISA, instead of using a mycotoxin- enzyme conjugate, amycotoxin-prolein (or polypeptide) conjugate is first prepared and then coated to the microplate before assay. [he plate is then incubated with specific rabbit antibody in the presence or
absence of the homologous mycotoxin. 
 The amournt of aintibody bound to the plate coated withrIycotox n-protcin conjugate is then determined by reaction with commercially available goatanti-rabbilt Ig(-cn/yie complex and by subsequent reaction with the substrate. loth HRPand
alkaline phosphatase conjugated to tle goat anti-rabbit IgG have been used. Thus, toxin in the
samples and 
 toxin in the solid-phase competcs for the same binding siteantibody in tlie somlution. Indirect with the specificIISA has also been used for the analysis of a number ofmycIotoxins, utili/ing different proteins (or polypeptides)as carriers for the conjugation of toxin

(Chu 1986d, 

E[.ISA has 

Fan and Chu 1984, Fan et al. 1987b, L.iu et al. 1985, Morgan et al. 1986b). Indirect
been used for the analysis of aflatoxinsensitivity of 
in groundnut products (''able 2). Thethe indirect ELISA is comparable to that of the direct ELISA with the advantage 
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that ;nuchIless antibodyN is rcquired. In aldditiln, it isnot necessary to prepare I toxin-enzyme 
colljUgate. [lle (i sadvat tage oI tIe mlletl od is that in tdditional incubation step is necessary for 
the assay and it thus reqirs more tll t 1-2 h). Morgan et aI. ( 1980h) used an indirect ELISA 
for tire analysis of I8 pealnut butter samples obtained fromt retail stores and found that tile 
aflatoxin levcls ranged fronr less than I kig Ik in 8 samples to is high as 775 pg kg I in one 

sample. Most of these samples (12 of the IX) sere. below 10 pg kg 1. Ireatlrlent of s;alples with 

Scp-Pak " and utili/ltion of tIe biotirr-av ii s\'steur restilied ili higher sensItiit' of indirect 
.I.ISA for the estimllation of aflitoxin %I I ((Crv ct al. 1983). Because onlv Small amounts of 

antibody are cneeded for tie indirect FIIsA. this metilod has been used extenSively for monitor

ig tire antibodv titerS Ofi hvbridonlia cultureIfluids lor tile screening of noroclorlal altibod,
producing cells (Gcndlolt et l. 1987, (toopriran ct 1l. 1984, Ilunter et al. 1985, Woychik et a;. 
1984) in atddition to toxin atlalysis. 

Rapid immunoscreen tests for anflamtoxin in grotin(Inuts 

Several rapid rrlrrnunro0screeir tests were developed for analysis of aflatoxin iil groundnuts. A 

modification of tile direct competitive ITIISA protocol in ilicroplate format by shortening the 

first step incubation to 1Ifrrnl, ats I quick screering test for analysis of aflatoxin iil grourrdnuts is 
described abovc. Airother ipproach was, to imrobili tire a tibody orn a paper disk nlolted in 

al plastic Card instead of coating to tile tllicrotiter plate well (Illrtlroassay Quick-Card test). 
Thus, the reaction is carried out onl tile wetted paper disk. lie principle of tire reactioun ill this 
assty formrat is siniriar to that of direct [I JA. In practice, samlrple extracts (at few drops) are first 
applied to tie tes pot (paper disk) iil tile plastic cai, ,'cl ;flatoxin-en]+yme conjugate is 

applied, aid finallv tie substralte solution is added. lie abserrce of color, generally blue, at tile 

spot indicirtes tile arple contais ,lfltoxin it, compared with a negative control spot where i 

bright blue color appears. IDctails of this rnetllio have' becr deInorlstrated by i)r Goto ill tire 

present workshlop (sec pi ges 177 182). ('ole et ;il. (1987) have found tins ncthod I convenient 
way to screccr for .l]latoxirn irr lin-stock grotinditls. 

Affinity Cohumn i11initlrortsi ys 

lire application of' affinity coltinllll chromoatograplhy lor ilnimilloassay of mnycotoxins was 
reporrted b\y Sui and ('ith (1977). SuhbsequerIt studies by Wu et al. ([983)led to use of the affility 
coluirrn as a,tool for precoircentratiol alnd caleirup of samples of rnycotoxirls before RIA or 

) I.(i. ira lI sis ((6torpnan et itl. 1985). Receir atdvtances in instrunmentation have led to the use 
of an alfirrit, irhrlrrrllroassay for aflatoxin. Allaloxin extracted from tire sarmrple is subjected to a1 

disposable affiritv colin conrtaining anti-alhitoxir artibody Sepharose"' gel. After washing, 
aflaloxir is removed flrorr tile colnrrnr with ;etlllanol and its fluo1rescence deterimiined. Thus, the 

allinity column llrerelY serves is i Separatiotn aid cotlClletratiorr tool for the analysis. This 

retilod Cannot be used for llrvCotnaxins surchis trichotiecenes which do not have high fluores
cence ir chrolllrphOlres. 

Conclusions 

It is apparent from the data given in this paper that in tile last few yea rs, rapid progress has been 

made in tile arca of iniimunoassays for mycotoxins and that these are gaining acceptance as 

analytical tools. Good and reliable i tiniltoassay protocols for aflatox in in groundnuts and 
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groundniut products have been established. These methods are simple, sensitive, and specific.Several imnulnoassay kits for allatoxins and other mycotoxins are currently available. Prob
lems of extraction or release of allatoxins from crude groundnut seed extract need furtherresearch. Nevertheless, we are now at least one step ahead, and the chances are good that more
efficient and reliable. immunoassays will soon be developed. 
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Methods for the Analysis of Aflatoxins in Groundnut
 
and Other Agricultural Commodities 

T. Goto' and M. Manabe2 

Abstract 

Methods 1or atlatoxinanalysis using thin layer chroinatograph, (TI.C) and fluorescence detec
tion wvere developed in the 1960s and are stillwidel used. In the late 1970s, seteralapplications of 
high perlormance liquid chromatographys,(i 1.(') were developrd and as they were generally 
more sensitive than the I71.( methods, the' are now popular for aflatoxin analysis when a high 
degree of accuracvis required. For some test purposes con tenience and rapidit ' ofanal'sisare 

more important than accuracv, andthe bright greenish vellow tlorescence(BG YF)and minjeol

an1 methods were evolved with this in mind. Recently several enme-linked imnunosorbent 
assay (FLISA) .vstems kits loraflatoxin analysisha ve been developed and some ol'thein found 

suitable for the Aind oftesting now carriedout using the I1(1'F and minicolumn methods. Gas 
chrotnatograiphycan also lhc used foraflato.inlanalysis undercertainconditions. Frot the range 

olaflatoxin analysis methods nowt availableit should he possible to choose methods suitable for 
specific purposes. 

RWsumw 

Mithodes d'analyse des afiatoxines dans les arachides et d'autres produits agricoles : L.es 

mcthodesd 'unal.*'se des alat.oxinesparla chromatographie en couche mince (TI. C) et/a detection 

par fluorescence, nises au point dans hes annes 60 sont encore largenent utilis6es. Plusieurs 

applications de hi chronjatographieliquide haute prliwmance (Hl'I.() Nlabories vers la fin des 

annces 70. se sont a vrces plus sensibles que les nuthodes 7. C. Fles sont done retenues pourles 
analyses des atlatoxinesdemandant ne grantde prc&ision. L.a inhoded/ a rcactionvert-jaut 
tIe Iluorescence (IB(i Y1) ct cel/cd/es minicolonnesso it propos&es pour/es analysesoft la sitnplicit6 

et hI rapidit sont p/os inportantes que /a prc&-ision. Les auteursont cgalecnent examiincplusieurs 
svst&tnes FLISA parnii k-.%dilirentes nuthoc/es ini unochimniquws rapides det lopp~es rccetn
nnt,et dont co: i'ltnes soot adapt& s auIgentre d essais elkctus actuellement a vec les mtthodes 
BG YI' et tI_ niffnicolonnes. la chromatographic en phase gaieuse est galcmnent utilis6e sonus 

certai,=s conditions. Les chercheors disposent done de nonbreuses mlthodes d'nalyse pour 

choisir un test appropri aux besoins sp6ciliques. 

I. Senior Research Officcr, Mycotoxins laboratory, and Director of Applied Microbiology Division, National Food Research Institute, 
Ministry of Agriculture, Forestry. and Fisheries, 2-1-2 Kannondai, Isukuba, Ibaraki 305, Japan. 2. Director of Applied Microbiol
ogy Division, National Food Research Institute. Ministry of Agriculture. Forestry, and Fisheries. 2-1-2 Kannondai, Tsukuba, Ibaraki 
305 Japan. 

Citation: ICR ISAT (International Crops Research Institute Ir the Semi-Arid Tropics). 1989. Aflatoxin contamination of groundnut: 
proceedings of the International Workshop. 6-9 Oct 1987, ICRISAT Center, hidia. Patancheru, A.P. 512 324, India: ICR ISAT. 
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Mto(dos de analizar is aflatoxinlas ell el cacaiuale y otros productos agricolaspara Los mntodosIlloi ianalizar lasallatoxinasa basede la crolatogl/a de calla delgada (TL C) i'de1tecci6celtci'lj. ,s.c d/csaIrillinintdurate hi dccadalde /961 ia;l,, sctdw/''anc.\.tdns.amn,.Ali 
posr 

de los atios 70, se desarrcoll .ric,, "praocelie'injeltcosa have dc croiltiogratiia liquida de a/tolrimji'iento (t/'1 "v clli)cotos generahnnte
acitlIhlllntes'ol t. poliule.pipl 

son inas senlsihles que his m!todos 17,('vcitai n'ihis de"*tlkitlo\tis.ctisl t t'irlilifo alto/21;doIC eactitifld. Paraalgulilos rc/ic, Illtilit.sintnprcitntes tich e.ac'itilttd. y" lendl'o b iidad.I/ sto /pesv a Iapidl, dce//l is/i:soislin;i'ilse dcS Irr//S cl InMltdo utilila hirvacej(lnde Ia lluore.ccnci, aIa,'cl-e u/c/ic'
.iAIfis rccientc/ntle 

hrillatc(/-AIVI) y v/'ntodo de hiII int)icoihma.se hal dcsairrolladoahln,ilos cllipos puirtliles para I'l it'a ilcl'j'j ti/c ldi l'. 
uso c/cldc todo deimi hcloj, (RI,).v vriri mitolos I lillilcccaciin de altitwlrl/,, (IL/SA), 'n/l,,j s.dtcllltili

s dc anaihsis ,/c a/lkito inas,"i c-c'ad.o laracl tv i c/, 
' algunms dc estos Iat testilla,decruebas que actail en/'itse' c c'iian conItiilticollli)nas. los In't'/ A . t/ ,'deI ; cronialo11gra)ij'el 1 lase/scgascosa tanilbij puedca/lato.il"a lls c parl Ci auiisis'thao ciertascco/Idicio/ie's.hiltr h/.elgran ilnljinro tc lltnodo.s dc a/hactualnwnte' am iisc alltoxinasm,d//p mil/es, de sert/lctibleescoger ttodos clie scan los tn-is apropauospara linpc pcsito espwci/ico. 

Introduction 
Ii 1960 in the (Inited Kingdorn, more than 100 000 young turkeys and ducks died in the course ofa few niolnths. Since tile causal agent 
syrliptoms, 

was unknown, and the affected animals exhibited similartile disease was labeled lTurkey "X- disease' (llount 1961). In 1961 a toxic coinp ourd was isolated I'ronInoldv lrailian groundnut meal (Sargeant et al. 1961) used ih turkey[eed. Since tile compound produced 1) 'lspc'ril/h. //flaut
was 

Iinuk ex eda1f;latoxil. It is now kncwn that altoxin is not 
lries it was nall 

lie compound but a group of more than fifteentoxiris (Table I, Fig. I). Allatoxins 131,I, (G,, and ( have often been detected in groundn ut,maie aind other agricultural commodities (WIlO 1979), and aflatoxin M,
iiilk and dailry products has been detected in
rniltanimals fed allatoxin Ill3contanlnllated feed (de hongli t al. 1964).Many studies have been carried out oil alattoxins due to concern about their toxic effects onhumans and aniimals, especially their very strong inutagenicity (Wong aindcarcinogenicity (WIi() 1979). Ileish 1976) aindThe developmtent of'methods of' analysis for aflatoxins wasnecessary for these studies aild there is still a very strong demand for the development of new andimproved tech niques (1lesseltine 1986). 

Methods for Aflatoxin Analysis 
T hin layer chromatography ("IC)had been used as the only practical method for the analysis ofaflatoxins and even now it is tie method most connonly used, followed by high performanceliquid chromatography (II PI.C). Manabe et al. (1967) developed a method to separate the fourmajor aflatoxins (11, 13,, G(, and G,) by column liquid chromatography (LC) but a practical 
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Table I. Major physico-chemical properties of aflatoxins. 

Aflatoxins 

Property 1I3 B, G 

Chemical formula 
Molecular weight 
Melting point ('C) 
Sorbent from 

C17HI20 
h 

312 
268-269 (D)' 
Chloroform 

C, 7H406 
314 
287--289 (D) 
Chloroform 
+ pentane 

C17H107 

328 
244 249 (D) 
Chloroform 
+ methanol 

Amax nm (E) 
in ethanol 

223 (25600) 
265 (13400) 

220 (20 500) 
265 ( 2700) 

243 (11500) 
257 ( 9900) 

362 (21 800) 363 (24000) 264 (10000) 
362(16100) 

Fluorescence 425 nm 425 nrn 450 nm 

I 1) = )ecomposition. 
Source: (ole and Cox 198l. 

H C 1,HWU ;P~~C 

allatoxin BI aflatoxin B, 

aflatoxin G, aflatoxin G, 

CH"Ctl, 

aflatoxin M,aflatoxin M, 

Figure 1. Molecular structure of aflatoxins. 

G M, 

C, 7H407 C17H1207 
330 328 
230 299 (D) 
Ethyl acetate Methanol 

217 (28000) 226 (23 100) 
245 (12900) 265 (11600) 
265 (11 200) 357 (19000) 
365 (19300) 

425 nm 425 nm 

& CH, 

aflatoxin B2,, 

aflatoxin G2. 

00H 

CH, 

aflatoxicol 
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Method for the analysis of aflatoxjls by I'(, was rot developed untii the late I970s. "hercafteralarge nturnnher of IPI.('-hased "lethods have been developed,graphic methods, i contrast to these two chromatogas ehroma tograph' ((C), one of tile most popular chroma tographicmethods, has not been used for the analysis olaflatoxills except to confirm tie cornpound bygasclromatography 'mass spectroletry (MC/MS).While the accuracy and sensitivity of the TLCand IIPI.(" lihods was recogri/ed, ot1her methiods foranalysis weredeveloped hecauseL of theirsifliplicily. 
 These included the, minicolu nilethods (Iloladay 1981)
Greenish Yellow iluorescence) aid tile HGYI (Brightlethod (Shotwell and Ilesseltine 198 1)which have been widelyused Some eri/yine-iiked ininiunosorbelit assay (El.ISA) methods have recently been appliedfor tire analysis of atlatoxins. As some of these methods are very sensitive and easy to use, theymay eventually replace soie of the chemical methods presently in use for the analysis ofa flatoxils. 

Analysis of Aflatoxins by TLC and I|PLC 
At least iii tie first decade olatlatoxin research, TI.C was the only practical method of analysisaid even nowy istileiiost comionly used technique. F'or the analysis of allatoxins in groundnut,tire ('13 or BF methods, both approved by the Association of Official Analytical Chemists(AAt'), or tie Vater slurry fierhod (Whitaker er al. 1980) were commonly used for tireextractiol aind purificationi of samples. Comnmercially available precoated silica gel plates arenow used instead of "holnciladec" plates to separale and deterline ahlatoxins, because they areconvenient and safe. Ahlatoxiiis arc detected under long-wave (ca. 365 ff111) ultraviolet (U V) lightunder which Ihey exhibit a blue to as seflliqualltilive, but 

blue-green liocsccnrce. TI.("methods have been consideredthe diflulsiofl of sophisticated dcnsitollieter and samiiple applicationrdevices has signilicalitlY inpro'ed the accuracy of '1IC(analysis.
Nowadays IIPl.("s'e 

-r


idely used inalvyical laboratories. In the 19X6 IA RC'-WIO 
alialoxin check sairplc survey. 58 out of 227 results for the analysis ofaflatoxii lliiealwere obtained by I lll.(" methods. In the history of II 

in groundnul
cells ((iVI)) I.(', spectrometers with niicroflow(305 ril o 254 nn abso)rption) were first usedrMiethods to detect aflatoxils, but thesewere less sensitive than 'TI.Cmethods. Recently most of tlie IIfiiofrspctrortric tlC methods employd(etectors wit Imicrollow cells (FtL)) to detect aflatoxins, and UVi) is uaedfor very limited and specific purposes. There are few problems in the separation of allatoxilseitier in norial phase column o)rreverse piase colnrii but quenching isstill tie major problemin aflatoxin analysis by hi.)-ITl('.Three fiethods arc now beirg widely useddeveloped by Panalaks anrd Scott (1977) 

to anralyse aflatoxhlis by HPILC. The first wasand employs a silica gel packed flow cell foren hance fluoresceice anl improve tie s:nsitivity of 'l) totie analysis. Indeveloped by Manabe et a. ( 1978) a normal phase silica gel Column is used arid a special systen 

tile second method,
 
to reduce qtuenching in tire miobile phase has been devised (Ftigure 2). The advantage of this
filethod is t hat it does not requ(ire any special equiprmrnt or treatment of tile samples, andsalples prepared for '.C analysis can also be used fordepends HifPLC analysis, The third niethodon tire derivatizatun of allatoxins. As aflatoxins (especially aflatoxin 131)
very strongly quenched, several methods have been are usually
developed to convert aflatoxin BIto other
compounds that are not quenched under certain analytical conditions, This method includes
several variations and each has its advantages and disadvantages. In this group, the method to
convert aflatoxin B3,to aflatoxiui hE., (Pons et il.1972) before analysis, and the post-column
enhancement method using bromine or iodine are often used. As the postcolumn derivatiz-tion
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a. 	Allatoxin standards b. Extract from c. Extract from 

groundnut meal (x 1/100) yellow maize meal 

6' 

ot'0L 

a.4.
 

m0
 

6' 

~~ZJ 

to	 7 60 

CC 

57 

co 

C 
0 

0 10 	 0 10 0 10 
Time (milm) 

Flow rate, I ml, min-'; column temperature, 40" C 
Columln : l)evelosil 60-5" (4 ml i.d. x 10 cm) 
Excitation 365 rim; Emission 425 nm 

Figure 2. Chromatograms of aflatoxins obtained by IIPIC mobile phase, toluene-ethylacetate-formic 
acid-methanol (89:7:2:2). 

177 



by bromine or iodine is very sensitive and relatively easy to operate, it may infuture become oneof the standard detection methods (Gilbert and Shepherd 1985, Kok ce al. 1986). 

BGYF and Minicolumn Methods 

These methods were developed for simple and rapid analysis of aflatoxin and both haveproblems relating to the sensitivity and accuracy of the analysis. In the BGYF method, as afungal metabolite other than aflatoxin is used for the detection, sometimes the correlationbetween tie concentration of allatoxin and tie amount of HGYF causes problems. In themimicolumn met hod, tie low sensitivityand the presence of Lunknown interfering materials makeit difficult to detect aflatoxins.
For these reasons, most of the analyses that use these methods will probably be replaced byother methods such as EILISA in the near future. 

Immunoassay Methods 

It had been very difficult to produce anti bodies for small molecular weight compounds such asaflatoxins but recent advances in biochemistry and organic chemistry opened the way to theproduction ofantibodies for aflatoxins (Chu and Ueno 1977)and other mycotoxins (Chu 1984).Once methods for production of anti bodies were developed, tie application of immunologicalassays for aflatoxin analysis made rapid progress.
A radio im.lnoassay (RIA) 
ne hiod was first applied to the analysis of aflatoxin (Chu andUeno 1977), but now FL.ISA has becomen more popular (Pestka et al. 1980). Fu rther, adva rices inbiotechnology led to the development of the monoclonal method for tile production of antibodies. After the nmass-production procedures of either polyclonal or inonoclonal antibodies foraflatoxins were developed, several EI.ISA-applied allatoxin assay kits were produced oin acommercial basis. We have eva luated three different types of EL ISA-applied aflatoxin assay kitsfor their characteristics, accuracy etc. (Table 2) (Goto and Maniabe 1988). The first kit uses astandard 96-well microtiter plate. At least two companies (in .Japan and UK) have developedsimilar kits capable of simultaneous analysis of a large rnumber of samples (at least 20) in 2 to 3Iiexcluding sample preparation and extraction time. The sensitivity ofthese kits ishigher than allother methods. The second kit was developed in the iSA, it consists of a small card (like acredit
card) and three srnall via,s containing the neccssaryv reagents. The kit can be used anywhere, even
in the field, and takes only 5 min to detect aflatoxins. Alt hough this -it
aflatoxins in a sample it 
enab!es the detection ofdoes not allow quantitative determination. The third kit was developed
in the UK and uses a small column packed with antibody-bounded gel and Florisilc" chips for
detection. Aflatoxins are analyied seiiquantitativcly without ally special instruments except
for a dark box with i a long wavelength UV lamp. A single test takes about 
 15 nin, and thismeth.)d can be used outside the laboratory. Several other kits are available on the market, andsome of them can be used independantly of a well-equipped laboratory.These Fi.ISA-applied analytical methods are suitable for both simple analysis and the masssample analyses required for food quality control they are likely to become widely used in the
 

near future.
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Table 2. Comparison or performakice of Enzyme-Linked Immunosorbent Assay (EIISA) kits for afla
toxin analysis 

Kit 

FIA KIY 
I 'stcharacter Aflatoxin 1I, F-Z Screen Atlatest 10 

component (,Japan) (ULSA) (U K) 

\ntibod Mon oclonal PolycIonal Monoclonal 

Specilicity Atlatoxin It Alatoxm IIIand (i Allatoxin Illand B3, 

sclnsitlvty 10 pg 170 pg 2 10 ng 
I)clccion 492 non absorption Ilue-graN, color change Fluorescence on Fhorisil ,,chip 

-I
 
(ulantilication 0.2-100 mg kg i I)itticult Serniquantitative 2-100 pg kg

Extraction ((';ethanol) 50-55 80 60 

Allatoxin 1I 16.51 +2 [. • W 

Allitoxin B1*, 1.5 - R 

Athltoxin (i, 11.5 + _B 

Allatoxi (1, 0.6 13 

Allatoxin In 
4grlnd 111 11 .0 + B3<
 

l latoxIn In in
 

niai/'e 6.3 + -IB
 

I Amount lll as+,alltml|i, 

'.tr% l l set It 0 pgi kg 

I 0III ( jig kg ' standard; R r 50 pg 1,g stind rd.pg kg I %la arid. 2 

A1,1 \1 ,11t- B:i. ( , -(i, 110. 1I*5. I jig kg 1)
 

11 15 spg kgI 

Gas Chromatography 

GC has often been used and plays a major role in the analysis of various mycotoxins. However, 

in the case ofthe analyses ofaflatoxins, GC has rarely been used as an analytical method because 

the Ii.C and HPI.C methods were sufficiently sensitive. Moreover, aflatoxins have to be 

converted into volatile compounds before GC analysis. Thus GC was used only with a mass 

spectrometer (MS) as a detector to confirm the compound. Friedli (1981 ) showed that aflatoxin 

Bl could be analyzed by (C/MS without chemical derivitization, and later Rosen et al. (1984) 

also showed that allatoxins BI and 1,in groundnuts can be detected by GC/MS without their 

derivatization. Recently (oto et al. (in press) succeeded in analyzing aflatoxins tll,B2, GI,and 

6,using GC equipped with a flame ioniiation detector (H I)), one of the most popular detectors 
" 

for GC (Fig. 3). This system consists of a Shimadzu GCI5A( gas chromatograph with a 

capillary or column injector, Fi), and a fused silica capillary column having a chemically 

bonded SE-54 equivalent liquid phase. The minimum quantitation limit of aflatoxins by this 

method was I ng for aflatoxins Illand B2, and 2 ng for aflatoxins (, and G 2.These findings 

suggest that aflatoxins in various agricultural commodities can be analyzed by GC depending on 

the development of sample preparation methods. 
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a. Aflatoxin standards (Attenuation 2) b. Extract from liquid medium 
of A.wergillu.flavus (Attenuation 4) 

III 5ng** 13Sng 

G, 10 rig 

.(, 10 ng 
I I I -I 

0 10 20 0 10 20 

Time (min) 

Figure 3. C(hrrmalograms of aflatoxins obtained by gas chromatography with flame ionization detector(G(IC.'11 

Conclusions 

Conventional chemical methods for the analysis ofaflatoxins such as TLC and H PLC have beenwell standardized, while biochemical methods such as ELISA are making rapid progress. Someparts of the chemical analysis will be replaced by biochemical methods. Irrespective of themethod chosen, effective sample preparation, including sampling, extraction, and purification,is necessary and is increasingly important. To measure the amount of aflatoxin in nuts andcereals, it should be noted that aflatoxin contamination ofsuch agricultural commodities variesfrom kernel to kernel, and sometimes even within the same bag differences in the amount ofaflatoxins detected ranges from zero to several thousand ug kg-', hence sampling and samplepreparation are very important procedures (Campbell et al. 1985). In the case of the ELISA kitsavailable in the market, methanol (50 to 80%) isrecommended as an extraction solvent becauseit can be used for both extraction and final sample preparation. However, depending on the 
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extraction solvent used and the properties of the samples, recovery rates of aflatoxin vary 
considerably, so extraction procedures need to be carefully evaluated (Whitaker and Dickens 
1986). 

At present, several methods for the analysis of aflatoxins have been reported, and in most 
cases one or more can be used for the purpose of a specific analysis. There are still strong 
demands to develop new and improved methods of analysis (Hesseltine 1986). Recent improve
ments in instrumentation and in biochemical techniques make possible the development of new 
methods. Regardless of the analytical method selected careful attention should be paid to 
sample preparation to ensure the accuracy of results. 
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Enzyme-Linked Immunosorbent Assay (ELISA) 
for Aflatoxin B, Estimation in Groundnuts 

V. Anjaiah', V.K. Mehan 2, S. Jayanthi', D.V.R. Reddy 3, 
and D. McDonald4 

Abstract 

The commercially availablehapten, alla fl1-o. imie-bi (ict i e serum albumin, was used to produce 

an antiserum in rabbits. 17Tsame hapten was coupled with alkaline phosphatase (hapten-BSA-

ALI') and used in the competitive direct em,.wse-linked inmmunosorhent assay (ELISA) for the 

detection olallatoxin B,.Allatoxin B,wjs ex'racted in mnethanolfroin naturall' containinatedor 

'spiked'groundnutseed samples. 
Wells ola polYstyrene mnierotitre -late itere coated with the antiserum, the plates were washed 

standards or )roundntut sample extracts, and hapten-l)SA-AlPin PBS-iueen, ailatoxin I1, 

conjugate tiere added and the plates incuhated. AThplates itereagain washed, and the amount of
 

co!jugate hound to the antibod'. was determined alter addition oi the substrate, p-nitro

phenylphospha e.
 
The hapten-1USA-AI.I conjugate has advantages in stability, sinplicity ot'preparation,and 

high specificity. Over the con ventional toxin-envme conjugate in direct competitive EL ISA. The 

assay method is more rapid and less expensive than the physico-chernical nethods ol'alatoxin 

analysisand it can detect letels of allattoxin B,as low as 50 picogranis. 

Risuni 

Diecrmination de I'aflatoxine B, dans les arachides par la rnitl de EASA: Les6ruimalbuinine 

At,-o imebo ine. conuttnrcialis sous lefoni de Hapten.a servi i 16aborationd'un antis6rum 

chi,,des lapins. ('e produit est associi ;)ia phosphatase alkaline eninhatique (Hapten-ALP) et 

utilis dans Ilessai Fl.ISA ad~quat pour Ia dcltection de I'aliatoxineIll. ('ette mycotoxine a &6 

extraite avec le n1tthamul ;ipartir des M'chantillnsde graines d ",rachideayant subi une contani

nation naturelle u celles artilicielle n t marquees. 

ala 

plaque de microtitrageen poltvsvrinesont enduites d "ntisrun et les plaques 

sont ensuite lalves au produit IllS-Tween: Iflahtoxine B,6taloo oulles extraits des 6chantillons 

d"achhide ainsi que le colijugu" llapten-A 1.flysolt ajoutbsa vant incubation. Lesplaques sont i 

nvuttveio laves et la quantite de ,on ulglulie;)fh ntieorps est dtertnin~eenyajoutant lesubstrat 
p-tnitropht)mlpho sphate. 

Les avantages de Hapten-A I. P par rapport aux conjugubs toxine-enymne classiques pour le 

Ies parois d "tile 

1.Rsearch Associates. 2. Groundnut PathologiAI, 3. Principal Virologist. and 4. I'rincipal (iroundnut Pathologist, Legumes Program, 
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proceedings of theInternational Workshop, 6-9Oct 1987, ICRISAT Center, India. Patancheru. A.P. 502 324, Indii: ICRISAT. 
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test El. ISA sont s, st:ahiit, sa simplicit el s;I li-te sp')ificit, la inahode est p/us rapide VtinOins cotiltetseque les proctde splisico-chirniquesde dosagedes lilattoxj'nes et poss,'de t setlilde dtecijonde Idtlato.xjne Ii, in/eritir ;} 50 pivograins. 

Restitnemt 

Determinaei6n de Iaaflatoxina B, en el cacahuate por el mtodo EISA : Se uti iirlbnmiftade suero hovino-ali I, -oxitne , 'onotdo tomerialinenitecon e/ noinhre de "Haptln" parprodticciinde tin ;tt tierll IiL'o/t.coliv e iw tlo "tlapten "ie ligado con 1ist"Itosa aklalin 
hl 

(Hapten-lISA-A I. I) "v 1sado en V/ tctOtodo directttnente comnpetitito I.inmtitoahsorbetevincuatdo a en/iniasde vlualit'a'inciJ dV anl/i'tvllpos. Fi ISA, patra hi detecv (in de allatoxinaIB,. Laailattox'ita B, he extrai da 'on llet'ilol(t In vles.ras de sellia de avahtawile tolltaililadas.iaseaeni tl'na lattiralo all'ific n11enit-, v-ol vsI tilicotoxill.
I.as depresiones de i llt i de polistir¢tovnpiada para inirtttoli'tthitc)otnesse rectbrieroncon tinad Cd;lpt de'igld,tC deittfiiluro: i.s ia.s se hvIatron con v/ producto PiBS'- Iween: seagl l't' s/oilli.ioes aiibraldas (Iv llatoxinas , o extracvtosdevinest asSdie cvaahtliates I',acontlnacvin,enviltl gado Iaptlt-lBS, -A I cP iuvgo se inctihaion .as piatc.t. S" laivarontevanente ils picas. y I canltidadde cnittitldo g,ado :i/ antitierpo. se d'termin6i despus de

aIditoiin diC/ sutbstrato, p-n/ttol nilli,.l1a.to. 
i 

17 conjtkeado tatcn-IiSA--1 Il tiene inartvadas venitjas de estahilihd. slinplicidad ialtaesp'ecifiid, sobrc ci uso delvoniugado to.lxita-vn,,'na Con vlenional.en Vi mlntodo comipetitivodireto FL ISA. l tod t o prneran citdoes nis rlio ' n os costoso qtelosilittOdos fis/co-q uiliht). de anilisis de altlo as puede dctectarnive/esde allatoxina B, hasta 
dei orden de 50 picogrilns. 

Introduction 

The thin layer chromatography ('I.C) systems developed in the 1960s and 1970s are still themost commonly used methods for detection and estimation of aflatoxins in groundnut andseveral other agricultural commodities. These methods are expensive and time consuming andso efforts have been made to develop more rapid and less expensive methods for aflatoxinanalysis (Pestka et al. 1981, Morgan et al. 1986, and EI-Nakib et al. 1981).Several enzyme-linked immunosorbent assay (ELISA) procedures have been reported for theestimation of aflatoxin III in groundnut and groundnut products (FI- Nakib et al. 198 !, Fan andChu 1984, Morgan et al. 1986). These assays have advantages over conventional analyticalprocedures using II.C and high pressure liquid chromotography (H PLC) in terms of speed, easeof sample preparation and use, and are potentially cheaper for allatoxin analysis. The majorapplication of EILISA procedures at present is analysis of aflatoxin III in such agriculturalcommodities as maize, groundnut, and groundnut products (EI-Nakib et al. 1981, Fan and Chu1984, Morgan et al. 1986). A few direct and indirect ELISA procedures have been developed foranalysis of aflatoxin B, in groundnut, groundnut meal, and peanut butter. All direct competitiveELISA procedures necessitate the use of aflatoxin-horse radish peroxidase (HRP) conjugate.Two problems are encountered in preparation of the conjugate: (I) instability of the toxin
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enzyme conjugate, and (2)variations in the amounts of toxin conjugated to the enzyme (Fan and 

Chu 1984). Both these factors affect the sensitivity of ELISA. To overcome these factors, we 

have used alkaline phosphatase (ALP) enzyme in place of H RPand have coupled it directly with 

the commercially available afla B1-oxime-BSA. Using this afla B-oxime-BSA-ALP conjugate, 

we have developed a simple, rapid, specific, and comparatively inexpensive direct competitive 

ELISA for analysis of aflatoxin B, in groundnuts. 

Materials and Methods 

Chemicals and reagents 

Aflatoxin B1, bovine serum albumin (BSA, RIA grade), afla B1-oxime-BSA, alkaline phospha

tase (Type VII-NT), p-nitrophenyl phosphate disodium, glutaraldehyde (RIA grade), and 

Tween 20 ® were purchased from Sigma Chemical Co., St. Louis, MO, USA. Complete and 

incomplete Freund's adjuvants were obtained from Difco Laboratories, Detroit, Ml, USA. 
l)ynatech Lab, Virginia, USA. All otherPolystyrene microtitre plates were obtained from 


organic solvents and inorganic chemicals used were of the highest analytical grade.
 

Production of antiserum against aflatoxin B, 

Antiserum against aflatoxin B, was produced by immunizing rablhits with afla Bi-oxime-BSA, 

using the methods of Chu and Ueno (1977) and EI-Nakib et al. (1981). Antiserum titre was 

determined by the indirect competitive ELISA procedure described by Morgan et al. (1986). 

Preparation of aria B-oxime-BSA-ALP conjugate 

Afla BI-oxime-BSA was conjugated to ALP through the glutaraldehyde bridge using the 

method of Avrameas et al. (1978). Several ratios of ALP and afla B,-oxime-BSA were tried in 

initial experiments and the most suitable ratio was I mg of afla B,-oxime-BSA to 4 mg of ALP. 

Afla B1-oxime-BSA was dissolved in phosphate buffered saline (PBS,pH 7.4, I mg mL -') and 

mixed in proportions of 1:2, 1:4, 1:6, and 1:8 with ALP. The mixtures were dialyzed with 0.06% 

glutaraldehyde in PBS at room temperature for 2 h for conjugation. Excess glutaraldehyde was 

removed by dialyzing in PBS at 4°C for 3 h with three changes of PBS. The resultant afla 

B1-oxime-BSA-ALP conjugate was stored at 4°C. 

Sample preparation and extraction 

Groundnut seeds (cv J I1)were obtained from the 1986 rainy-season crop grown at ICRISAT 

Center. Healthy, mature, finely ground seeds (500 g) were divided into several lots of 5-and 10-g 

samples and these were 'spiked' with aflatoxin B, standard to give concentrations of 10, 20, 40, 

and 50 pg kg-'. Samples were spiked by directly adding a measured volume of aflatoxin B, 

standard solution in methanol and then mixing thoroughly. These samples were used to test the 

recovery of the toxin by the ELISA procedure as described below. Some nonspiked samples 

were used to determine naturally occurring aflatoxin B,. Naturally contaminated seeds werealso 

tested for aflatoxin B, levels using TLC and ELISA procedures. For ELISA, aflatoxin B, was 
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extracted from the spiked or naturally contaminated samples with 55% methanol (5 mLg-I) in aWaring blender for 3 min. The extract was filtered through Whatman No. Ipaper, the filtrateconcentrated by flash drying, and then diluted in PBS to avoid methanol interference (to havebelow 11% methanol in each assay). The Pons' method of extraction (Pons et al. 1966) was usedin the detection and estimation of aflatoxin B, by TLC. 

Aflatoxin B, standard 

Various concentrations of standard aflatoxin B,ranging from 100 ng to 50pg(in two-fold serialdilutions) in PBS containing I1% methanol were used in ELISA. 

Direct Competitive ELISA Procedure 
In the first step, 200 ul. of crude antiserum (1:5000 in 0.05 M carbonate buffer, pH 9.6) wereincubateo in each well of polystyrene microtitre plates for 2 h at 37'C. The plates were thenwashed three times in PBS-Tween. Next, 100,uL of various dilutions ofaflatoxin B,standard orsample extracts were added to each veil, followed byconjugate (diluted 

100 PL of afla Bi-oxime-BSA.ALP -n PBS-Tween containing 1%BSA, 1:4000). The p!ates were incubated at37'C for 2 h.flhe wells werc then washed with PBS-Tween, 200 pL. of p-nitrophenyl phosphate(enzyme specific substrate) added, and the plates incubated at room temperature for 30 min.Thereaction was stopped by the addition of50 l.of 3tool sodium hydroxide, and the absorbance at405 nm was measured using a micro-ELISA reader. 

Results and Discussion 
The relationship between different concentrations of standard aflatoxin B, and absorbancevalues in the ELISA procedure is shown in Figure 1. All points are means of two replicates.There was no strictly linear relationship across the different concentrations of aflatoxin B,tested. This isprobably due to reactions between different proportions of toxin and toxin-BSA-ALP.conjugate that influence the amount of the toxin bound to the antibody adsorbed to thewell surface. Only at optimal concentrations can a linear relationship be expected. A linearrelationship can be obtained expc, mentally by utilizing a particular range of concentrations ofthe toxin and using a predetermined toxin-BSA-ALP conjugate dilution. The linear regressionline (standard curve of aflatoxin BI) is shown in Figure 2. This linear regression equation was
used to calculate the toxin concentrations from the sample extracts.
 

Recovery of Aflatoxin B from Spiked Groundnut Samples 

The recovery of the toxin was 6 2 - 86 %for 5-g samples and 70-107% for 10-g samples (Table 1).The recovery of the toxin was significantly lower when higher levels (50 pg kg-J) of the toxin
added than when lower levels (10 

recovery increased from 70 to 

or 20 pg kg-1) were added in the case of5-g samples, while the
107% when 10-g samples were used. Similar results have beenreported by other workers, particularly while using larger samples (Fremy and Chu 1984, Fanand Chu 1984, and EI-Nakib et al. 1981). Dilution of the sample extracts would have avoidedthis problem. However, in both sample sizes, recovery of the toxin ranged from 70 to 96% fromsamples 'spiked' with concentrations of the toxin at 10 or 20,pg kg-. These results are supported 
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centration and intensity of alkaline phosphatase Figure 2. Lir.,.a regression line(standard curve)of 
(ALP) reaction measured as absorbance. aflatoxin B1. 

Table 1. Recovery of aflatoxin B, by ELISA from 5-g and 10-g groundnut samples spiked with different 

concentrations of the toxin, ICRISAT Center, 1987. 

Toxin added Toxin recovered
 
(dIg kg-') (Mig kg-') Recovery (%) SE CV (%)
 

5-g samples
 
10 8.6 86 ± 3.9 21 
20 16.4 82 ± 2.9 9 
50 3 i.0 62 + 3.9 5 

10-g samples 
10 7.0 70 + 6.3 20 
20 19.2 96 ±31.3 30 
40 43.0 107 ±44.8 18 

by the findings of the other studies (Fan and Chu 1984, and Fremy and Chu 1984, and Hu et al. 
1984). Aflatoxin was not detected in samples that had not been 'spiked'. 

Comparison of ELISA and TLC Procedures 

The ELISA procedure estimated markedly more aflatoxin B, in the samples than the TLC 
procedure (Table 2). The levels of toxin estimated by this ELISA procedure indicated that it is 
possible to detect high levels of toxin in naturally contaminated samples, provided appropriate 
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Table 2. Comparison of TLC and ELISA procedures for estimation ofaflatoxin B,innaturally contaminated groundnut samples, ICRISAT Center, 1987. 

Aflatoxin B, (/pg kg-1) 
TLC method ELISASample Mean Range Mean Range 

3.9 3.6-4.0 6.5 5.4-8.2SE ±0.20 ±0.84 
Cv (%) 5 

3.9 3.6-4.0 6.0 4.9-7.0 
SE ±0.20 ±0.61 
CV (%) 5 18 

dilutions of the sample extracts are used. The procedure can detect aflatoxin at levels as low as 5pg kg-' with a simple extraction procedure. The ELISA procedure described in this paper can beused to screen large numbers of groundnut samples for aflatoxin B content in either naturally orartificially contaminated seeds. Thus, it is possible to screen large numbers ofgenotypes simplyand inexpensively for their ability to support aflatoxin production when seeds are artificiallyinoculated with aflatoxigenic isolates of Aspergillusflavus" This ELISA procedure has anadvantage over the TLC procedure in terms of cost and time for aflatoxin analysis.
El-Nakib et al. (1981) described 
a direct competitive ELISA procedure for aflatoxin B, ingroundnut and other agricultural commodities that is more sensitive (detecting down to 3 pgkg-') than the presently described procedure. However, they used the BF extraction for theirELISA procedure which also differed in its use of toxin-HRP conjugate prepared by theconversion of aflatoxin B, to afla BI-oxime and subsequently coupled with the HRP. In thepresently described ELISA procedure, the commercially available afla B,-oxime-BSA has beenused to produce antiserum as well as for conjugation with the enzyme-ALP. In this case, thepreparation of aflatoxin Bi-oxime-BSA-ALP conjugate is relatively simple and the conjugate isstable. No loss in activity of the toxin-enzyme conjugate was detected when the conjugate wasstored at 4C for 6 months. Other workers (Fan and Chu 1984, and Morgan et al. 1986) havedescribed indirect competitive ELISA procedures forestimation ofaflatoxin B,. These methodstake longer than the direct competitive ELISA procedure because additional incubation stepsare required. The ELISA procedure described in this paper is relati.ely simple and economical,and only requires a simple extraction procedure, and low concentrations of antiserum and thetoxin-enzyme conjugate. It can detect aflatoxin B, in samples at a 
level of 50 pg per assay.
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Aflatoxin Analytical Methods for Groundnuts 

D.M. Wilson' 

Abstract 

A flatoxin determination in groundn uts can be approachedin several ways. Groundnutsare often 
contaminated with aflatoxins B, and B., less often with allatoxins B, lb. G,. and G, so it is 
importantto have analytical values that represent the totalalatoxin content. Sonecountriesare 
onl, interested in B, content and others are interested in the total allatoxin content. It is essential 
to saklv hand/c all experimental materialsassociated with allatoxin anal'ses or the allatoxigenic 
tingi. Visual screening ol suspect groundnut lots, based on the presence o! conidialheads ofthe 
Aspergillus flavus group. is not a chemical test and may allow allato.in-contaminatedlots into 
commerce. Minicolumn screening techniques can he uselinl hut the ' should alwavs he used in 
conjunction with a quantitative nethod. Several thin layer chromatographic (TLC) and high 
perlormance liquid chromatographic (HPIl.(') methods are stiiahle lThr quantiticationand are in 
general use. lie newer inimnochenical methods such as the en,,vme-linked imunosorbent 
assa.v(El.ISA) or a/finity column methods are being rapid/' developed. I. ISA methods are 
a vaila ble lirscreenin.g,as ivell asquantification, but these methods are temperatur-sensitive and 
they should on]v he used with proper controls. 1/e alfini vcolumn nethod is less temperature, 
sensitive and can be used fr eitlherscreening or quantifica tion. The chenical and imnmtn ochemi
cal methods ar reliable i/careis taken andpersonnel are well trained.AlIIanaticallaboratories 
should stress safety and include suitable analytical validation procedures. 

RWsum6 

Mithodes d'analyse des aflatoxines dans les arachides: I/va p/usieurs approches an dosage des 
allatoxinesdans les arachides. Les arachides sont souvent contaninees par les deux alato,\ines 
B, et B, et moins souvent parlensenble B,. B, G, et G: i/con vient doneded6terminerles valcurs 
ana/ytiques qui reprsentent Iateneur totale en allatoxines.On considerc soit /a teneur totale, soit 
un,*quenient la teneuren BI, se/on lepa vs. On nepeut tropsouligner l'importancedes precautions 

prendre dans la manipulation du mnatcriel exprinental et des champnigons producteurs 
d al1atoxines. 

Le controlevisuel des lot.s suspects i cause de ]a presence des conidies du groupe d spergillus 
flavus, i 'estpas un essaichimitueet ii 'empcherapas la diffusion de certains lots contamin6s. Les 
mcthodes de criblage par minicoonnes, quoique utiles, doivent itre accompagnbes d 'nalyses 
quantitatives. Plusieurs nmthodes de dosage des atlatoires par /a chromatographie en couche 
mince (TLC) et ]a chromatographie liquide haute perihrmance (HPLC) sont d'usage commun. 
D utres nouvefles nthodes ininiumochimiques tel/es que /a mnthode inmmunoenzymatique de 
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dosage des anticorps (EL ISA) et celle de colonnes d'affinit6 sont de plus en plusperfectionn6es.Les tests ELISA permettent , la fois la d6tectioneI IVdosage. Cependant,ils sont sensibles Alatemp6ratureet necessitent tine maitrise adequate des conditions. La m~thode des colonnesd flinit est moins sensible , a temperatureet peut tre utilisesoit pourle dosage,soil pour/ad~tetion.Les niethodeschimiques et immunochimiques sont valablesA condition que toutes lesprecautionssoient prises el que le personnel soit bien formt. Les precautionset les analysesdecoi'rmationappropriaessont d himportance capitalcdans un laboratoired inalyse. 

Restimena 

Mitodos para analizar las aflatoxinas en el cacahuate : La determinaci6nde aflatoxinasen elcacahuate puede llevarse a cabo de diversas maneras. Los cacahuatesfrecuentemente esthncontaminado .)n las aflatoxinasB, ; B,y menos frecuententecon a combinaci6nde B,, B2 ,G, y G , de manera que es imp ortante la obtenci6n de valores analiticosque representan elcontenidototalde atatoxinas.A Igunospaisesse interesanpot elcontenidototalde aflatoxinas.Es esencialmanejarcon las precaucionesdebidastodos los materialesexperimentalesasociadoscon los ana/isis de aflatoxinas o los hongos atfatoxigenicos.
La selecci6n v depuraci n. en forma visqual, de lotes de caca/luatesdudosos, que se basanen ]adetecci6n de conidi6forosy conidiosdel grupo de hongos Aspergillus flavus, no es tan confiablecom(o una pruebaquimicay puedeocasionarque lotes de semillascontaminadascon aflatoxinas
entren en el comercio. Las tccnicasde depuraci6npormedio del uso de minicolumnapueden ser
Utiles, pero siempredeben usarsecombinadascon algin m~todo de an/isiscuantitativo. Varios
mbtodosana/iticosa basedecromatograliad,-capadelgada(TL C)ydecromatografialiquidade
altorendiniento(HPLC)son satisfactoriospara/a cuantificaci6nde allatoxinas,' se utilizande
manerageneral.Los mctodos inmunoquimleos mis recientes, tales como el m6todo inmunoabsorbente vinculadoa enzimas decuantificaci6nde anticuerpos(ELISA) o m~todos de columnas
de atinidad,se estinperfecionandorlpidamente.Los mctodos ELISA pueden asarseparafines
de depuraci6n,asicomo paracuantificacionesde allatoxinas,pero son sensibles a]efecto de lastemperaturasv solanente deberin usarse cuando se dispone de un control apropiadode estefactor.E/ mcitodo de colnnasde afinidades menos afectadoporlatemperatura,ypuede usarseya sea parafines de depuraci6nde lotes de materialeso de cuantificacinde las aflatoxinas.Losmntodos quimnicos e inmunol6gicos son confiables, si se usan con los cuidadosnecesariosporpersonalbien capacitado.

Todos los laboratoriosanaliticosdeben enfatizar la adopci6n de medidas de seguridad,eincluir procedimientos adecuados para verificar la exactitud de los resultados analIticos 
obtenidos. 

Introduction 

The study of aflatoxin contamination of foods and feeds is important because aflatoxins aretoxic and carcinogenic to humans and animals. This paper reviews the sampling plans andanalytical methods for aflatoxins in groundnuts and groundnut products, and also refers to the 
safety aspects of such methods. 
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Safety 

Chemical safety 

Guidelines for mycotoxin safety precautions are given by the Association of Official Analytical 
Chemists (AOAC) in Official Methods of Analysis Chapter 26 (1984). The mycotoxin analysis 
publication from the International Agency for Research on Cancer (IARC) also has a good 
discussion of safety precautions (Stoloff et al. 1982). The safety guidelines discussed in these 
books are appropriate for both crude and pure aflatoxin preparations. The chemicals should 
only be handled with gloves and used only in properly ventilated hoods or glove boxes. 

Biological safety 

Spores and other viable propagules of Aslpergillusflavus, A. ;arasiticuis,and other fungi can 
cause three types of disease in humans: allergy, poisoning, and infection (Hill et al. 1985). A. 
flav'us infection in humans is uncommon but possible. Airborne spores and dust containing 
propagules of the A..flavus group may cause allergies in some people and the inhaled particles 
may contain aflatoxins (Shotwell et al. 1981). Two thin layer chromatography (TLC) methods 
have been developed to measure allatoxins in maize and grain dust (Ehrlich ind Lee 1984, 
Shotwell ct al. 1981). 

Hill and co-workers (1984) found between 104 and 109 viable fungal propagules per m1 of air 
containing maize dust; air containing groundnut dust is probably equivalent. The majority of 
the A../1av'us propagules in air samples were deposited on the stages of the Andersen sampler 
corresponding to the trachea, primary bronchi, and secondary bronchi in the human respiratory 
system (Hill et al. 1984). A.flavus spores and propagules in dust associated with inoculation, 
shelling, grinding, and extraction procedures are sufficiently hazardous to require safe handling 
procedures including gloves, masks, protective clothing, and efficient dust collection 
mechanisms. 

Sampling 

Sampling is the most important contributor to the variability of analyses for aflatoxin in 
agricultural commodities, particularly groundnuts, because of the nonhomogenous nature of 
aflatoxin distribution. The first consideration in any experimental or regulatory protocol should 
be the sampling method. Protocols have been published on sampling techniques (Dickens and 
Whitaker 1986). Schuller et al. (1976) published an excellent review of s;-mpling plans and 
collaboratively studied methods for aflatoxin analysis. 

Aflatoxin contamination in groundnuts generally is more variable in single fields, single test 
plots, or single lots thain aflatoxin contamination in maize and some other crops. Therefore a 
22-kg sample is needed for groundnut whereas a 4.54-kg sample is usually sufficient for maize, 
especially when several analytical samples are averaged to approximate the true mean (Whitaker 
and Dickens 1983). In grmiindnut lots composed of mixed loads from different sources, a larger 
initial sample should be taken. In the United States three 22-kg samples are taken from each 
groundnut lot (Dickens and Whitaker 1986). The total sample should be ground so that it passes 
through a 0.85-mm sieve, thoroughly mixed or divided, and properly subsampled before 
analytical samples are taken. Sampling protocols for test plots must be part of the experimental 
dr :,n and should be tailored to meet the experimental objectives. 
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Aflatoxin Standards 

Criteria for aflatoxin standards (Rodricks 1973) and procedures for checking the concentration 
and purity of allatoxin standards can be found in AOAC Official Methods of Analysis (1984).
The use of calibrated standards in all analytical laboratories is essential. Prepared standards are 
available from several commercial companies at reasonable prices and analytical laboratories 
should, if possible, routinely use these standards. Velasco (1981) found that cyclohexane,
heptane, and toluene could be substituted for ben/ene in standards if tile solutions were not 
exposed to light. Analysts should take solvent composition into consideration when standards 
are prepared for high performance liquid chromatography (H PLC) as it has been found that 
solvent composition affects aflatoxin fluorescence (Chang-Yen et al. 1984). 

Presumptive and Screening Methods 

Some applications require only presumptive or screening tests while others require the quantifi
cation of only 13 or several of the aflatoxins. Groundnuts at the buying point are visually
inspected in tileUnited States for evidence of/../lavus conidial heads and ifpresent thesuspect
lots are not allowed into commerce for human consumption (Dickens and Whitaker 1986). This 
visual examination is not a chemical test and may result in family acceptances or rejections. The 
other commonly used screening technique is the application of one of several minicolumn 
procedures to detect aflatoxin contamination above a predetermined level (Iloladay 1981,
Romer et al. 1979). Shannon and Shotwell (1979) conducted a collaborative study of two 
minicolumn methods and found that a combination method using the Holaday extraction and 
the Velasco minicolumn was the most satisfactory method. Minicolumn techniques should not 
be used for quantitative purposes where accurate quantitative data are required. Madhyastha
and Bhat (1984) recently developed it minicolumn confirmation method for aflatoxins. These 
workers confirmed tile identity of allatoxins on the develo 1,..d minicolumn by applying 20% 
H,SO, 20(,' HCI, or trifluoroacetic acid (TFA) in 2O' lHNOI. All acids changed the fluores
cence from blue to yellow, with the Tl-A in 201'; HNOI having the lowest detection limit. 

Quantitative Methods 

Many of the methods adopted by scientific groups and government agencies are based on TLC 
detection and quantification procedures that have been evaluated in collaborative studies. The 
HPLC methods are not more often recommended only because very few collaborative studies
 
have been conducted on them as yet. The AOAC (1984) 
 recommends the contamination branch
 
(CB) and the best foods (1F) methods for allatoxin analysis in groundnuts. Nesheim ( 1979. and
 
Shotwell (1983) have also reviewed methods on aflatoxin analysis.
 

Thin layer chromatography (TI.C) methods 

The CB method (AOAC 1984) isthe standard by which other methods arejudged. Details can be 
found in Stoloff et al. (1982). Shotwell and Goulden (197 7)compared the AOAC BFgroundnut
method and the AOAC c ,nseed method with the CB method for analysis of aflatoxins in 
maize. The BF method uses a methanol+water (55+45) extraction solution, while the cottonseed 
method uses an acetone+water (85+15) extraction solution. Neither of these solvents extracted 
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allatoxins from maize as efficiently as did the chloroform+water (250+15) extraction of the CB 
method. The B F method issuitabIe for groundnuts with aflatoxin contents below 50jg kg-1. Lee 
and Catalano (1981) developed a scaled-down cleanup column as a solve it-saving modification 
of the CBimethod. i.aboratories which use Iluorodensit ometry for quantitative measurements 
need to be careful to avoid fading ofaflatoxin spots on T.C plates flading could be delayed by 
coering the layer on the 11C.( 1971).plate with another glass plate (Nesheim 
The ('11 method is an excellent IH.C' method, but it has two major disadvantages: (I) it is 

expensive because it ises large amounts of solveiis which create a disposal problem, and (2)the 
major solvei t used is chloroform which may be a haiard to workers. l)antzilan and Stoloff 
(1972) developed a modified screening method in which tihey omitted the column chromato
griaphy step of the ('3 method and directly spotted tile residual oil from nai/c extracted with 
(j t (' 1 -water..Spi man (1 985) modified this screening method for maiie by adding benzene+ace
tonitrile (98+2) to tile residual oil and measuring the volume to obtain quantitative TIC results. 
Grouidnuts would have to be dcfatted with hexane before tile CHCI,-water extraction for these 
screening methods. 

Kamiui ra et al. (1985) recentlv described a simple rapid HPTI.C method which compared 
fhivorahl\bli tlie (' method. )avis et al. ( 198 I) used a novel approach by devising a method 
using tile IltoresceiCC of tile iodine derivative of aflatoxin i t for quantification and TLC 
confirmatit. .oselesson and Moiler (1977) developed a nmuItinmycotoxin screening method for 
detection of aflatoxins, ochratoxiti. patulin, sterigmatocystin, and ,earalenone, while Seitz and 
Moh r (1976) and Thomas ct al. (1975) developed methods for atlatoxin and zearalenone 
determination. 

The AOAC aflatoxin confirmation method is based on tile TFA reaction with 1B G, or MI, 


(Prvbvlski 1975). lheiFA procedure or direct acetylation (Cauderav 1979) can be carried out 
on a TI.C plate before development. Trucksess et al. (1984) recently published a rapid TLC 
method using a disposable silica-gel column for cleanup and confirmation by gas chromatogra
phy mass spectroscopy. No matter which TI.C method is used the allatoxin identified needs to 
be confirmed. A review of confirmation methods has been written by Nesheini and Brumley 
(1981). 

High performance liquid chromatography (HPIXC) methods 

Aflatoxin analysis using HPILC for separation and detection is quite similar to TLC because 
similar sampling and extraction procedures are used. The major advantages of HPLC over TLC 
are speed, automation, improved accuracy, and precision. Both normal-phase and reverse
phase HPI.C separations have been developed for aflatoxin analyses. Early experimental work 
by Scitz (1975) and Giarner (1975) on HPLC separations revealed that aflatoxins could be 
separated on normial-phase colunins and detected with either a U V detector or a fluorescence 
detector. Seitz (1975) noted that the fluorescence detector had limited usefu!ness for aflatoxin Bt 
and B, with normal phase separations. 

Panalaks and Scott (1977) develope ,asilica-gel packed flow cell for fluorometric detection of 
BI, B,, GI, and (i with normal phase aflatoxin separations. A silica-gel packed cell was used by 
Pons (!979) and Thean et al. (1980) in two different HiPLC methods for determination of 
aflatoxins. The major disadvantage of the packed cell is lack of stability. The cell needs to be 
repacked often and the detector signal weakens with time. The advantages of a packed cell 
method are that no de:vativc is necessary for detection and the mobile phase can be recycled. 

Reverse-phase HPLC separations of aflatoxins are more widely used than normal-phase 
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HPLC separations. However, the fluorescence intensities
reverse-phase solvent mixtures 

of 131and (it are diminished in so the derivatives 13and are( generally prepared beforeinjection. Analysts should he aware that derivatives IBand G are not stable in methanol, whichshould be used with caution, especially ill tire injection solvelt Acetonitrile-water mixtures donot degrade 13and i rapidly and are preferred to methanol-water mobile phases.Several reverse-phase methods hae been published (Cohen and Lapointe 1981, Stubblcfieldand Shotwell 1977) including three with comparisons to the ('13 method (l)e\'ries and ('hang1982, Hutchins and Hagler 1983, larter et al. 1984). Stubblefield and Shotell (1977) found thatM, and M its well as ll. , (iB,and G, could be resolved and detected with a I \' detector at 350nn using re,,erse-phase chromatography. Ihe methods dekeloped by lutchins and Ilagler(1983), D)eVries and Chang (1982) and larter et al. (1984) all use Il-A derivati/ation andapparently compare fa'iora blv with other niethods D)iebold et ,ll. ( 1979) used laser luronietrvto detect aflatoxin I after reverse-phase chromatoigraph\.l)avis and )iener (1980) found that the iodine derivative ofH could be used for cOiifirtiiionand developed a reverse-phase method with fluorescence detection for this der ative. This workled to the development of a postcolumn lodinationi method to enhance 13,and (;i fluorescenceafter reverse-phase chromatography. Shepard arnd Gilbert (1984) investigated the conditionsneeded for the postcolt inn iodinat ion reaction to enhaice fluorescence olaflatoxins 13,and Gi,. 

Immrunocheniicul netlhods 

Allatoxin II, in groundnuts can be determined using solid-phase radio-imuniinoass (RIA).(Langone and van Vunakis 1976, Sun and ('hu 1977), monoclmoal affinity colum i1IrlUrnourssay(Groopman et al. 1984), or eni/.lme-linked immuinosorbent assay (l lISA) techniques (('hiu andUeno 1977, EI-Nakib et al. 1981. Lawellin 
colurr techniques are 1ilore suited to f+, 

-1ill. 1977. Pestka et al. 1980). I:.ISA or affillity
Jse thain R IA teChliqtues and will probablyextensively developed and beuitilied. The riiajo, .dlvaritages ofthe [I.SA and affinity colun1methods include speed, ease of sample preparation, ease of use, and a poten tia llv low cost peranalysis. The disadvantages iniclude different antibody specificities for 13, and cross reactivitywith other aflatoxins, LI.ISA procedures ;ire qualitative or seni-q(iuintitatie at best and aretemperat tire sensitive. The major application for VIISA procedures at present is screening foraflatoxin it below a predetermined concentration. lhe color deseloped by the eriyniemediated reaction gives an iridication of tie ii onlit of fit present. More developnient is neededbefore immtrinocherical techniques will be generally useftil for applications where quantificalion is critical. Methods also need to be developed that will distinguish between B, 13, ;,, andG, individually or collectively. 

Selection of Analytical Approach 

Regulatory and experimental applications of methods for aflatoxin anah,,sis do not always needto be the sanre. Regulatory applications need to be quantitative and legally acceptable, butacceptable methods may vary within a country or between countries. Howveser, it is important touse va, lidated iiethods for regulatory applica tions.A'latoxin analysis in experimental work must be tailored to the objectiyes andselection should be methodit part of the experimental design. Inexpensive minicolumn data may besufficient for somne experimental purposes whereas qualititative data on hi, I., i,, and G maybe required for other purposes. Costs and data requirenents can soentirmes seem to be at odds 
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when quantitative data are necessary. The TLC and immunochernical methods may not aiways 
be cheaper than H13LC in the long run because H PLC requires a single large initial investment, 
and TLC and ELISA both use expensive disposable plates. HPILC ispossibly more suitable for 
large analytical laboratories while 'LC ismore suitable for laboratories with only a few samples 
to be analyzed. With further development, immunochemical methods will probably become 
more versatile and suited to a wider variety of applications. 
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Session VII
 

Research on Aflatoxin Contamination 
of Groundnut: General 



Aflatoxin Research in the Peanut-CKSP: An Overview
 

'r.o.M. Nakayama' 

A bstra.-t 

The globalproblem ofallatoxin is beingpursuedby the Penut CollaborativeRe,earch Support 
Program (Peanut-CRSP) through: (I) development of cultivars resistant tj invasion by 
alatoxin-producins fungi; (2) cultural practices to minimize insect darna~e which facilitates 
fungalinvasion;(3) deto.xificationofcontaminatednuts and theirproducts; and(4)separationof 
contaminatednuts. The dimensions of the problem appearto indicate that a substantialportion 
of the cropmust be ,.orted out to eliminafe,'la:oxin.Progressin each oftheseareasgivespromise 
of the elimination of..tlatoxin from food-gradegroundnuts. 

12isunli 

Recherches s,jr Jes aflatoxines dans le cadre du programme "Peanut CRSP": Leproblamedes 
aflatoxinesest tudi dans sa totalite dans le cadredu Peanut CollaborativeResearch Support 
Program(Feanut CRSP). Ceprogrammecomprendplusieursvolets: (1)/a creationdes cultivars 
resistants h intvasion des champignos atlatoxinognes. (2) la mise au point des techniques 
culturalespermcttant de minimiser le., dbgiits par Ps insectes qui favorisent linvasion par les 
cham,,ignons, (3) la dJ-toxilication des arachides contaminees et de leurs produits:et enfin. (4) le 
triage de" arachides contaminees. Compte tenu de Fimportancede ce prcibl~me, il faudrait 
eliminer une grandepartiedes rtcoltesafin d'en enlever les al7atoxincs. Les progr~srbalis6sdans 
chacun de ces domainespermettrwit d'obtenir des arachidesde bouche exemptes d'aflatoxine. 

Restimene 

Investigaciones sobre Iss aflatsxinas en c!Preg;ama de Apoyo Conjunto a Ia Investigaci6n del 
Carahuate (CRSP): Una revisi6n general: EL problemade las allatoxinasse estA estudiandoen 
forma integialpor el personal del Programade Apoyo Conjuntoa Ia Ir vestigaci6ndel Cacehuate 
(PeanutCollaborativeRescarchSupport Programo "PeanutCRSP'),mediantetrabajossobre: 
(1)el desarrollo, 'cultivares resistepteso i'a invasi6n de hongos atlato::igenos;(2)pricticasde 
manejo del cultivo que reducenlos dafiosporinsectos que facilitanlas invasionesfungosas; (3)Ia 
eliminacitnde toxinasde los cacahuatescontaminadosy los productosderivadosde losmismos; 
y, (4) la separaci6nde lo -cacahuatescontaminados La magnitud del problemaparece indicar 

I. 	Professor, Uiversity of Georgia, and Project Director. Peanut Collaborative Research Support Projram (CRSP) Georgia Experi
n.ent Sation, Griffin, GA 30212, USA. Supported by USAID grant no. DAN-4048- G-SS-2065-00. Opinions stated are those of the 
author and not an official position of The United States Agency for International Development (USAID). 

Citation: ICRISAT (International Crops .esearch Institute for theSemi-Arid Tropics). 1989. Aflatoxin contamination cfgroundnut: 
proteedings of the International Workshoi, 6-9 Oct 1987, ICRISAT Center, India. Patancheru, A.P. 502 324, India: ICRISAT. 
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que una parte considerablede ]a cosecha deberi seleccionarsey desecharse para lograr laeliminaci6n de las aflatoxinas.Los avances logradosen cada uno de los rubrosmencionadospermiten abrigaresperanzas de lograrla obtencitn de cacahuatespara el consumo humano
pricticamentelibresde aflatoxinas. 

Introduction 

One of the constraints to increasing production/utilization of groundnuts listed by the PeanutCollaborative Research Support Program (CRSP) is the control of mycotoxins, especially
aflatoxin, in the final product.

Efforts to overcome this problem have been pursued in several projects in the Peanut CRSPsuch as the Texas A&M University project with l'lnstitut de technologie alimentaire in Senegal,the University of Georgia project in Thailand and the Philippines, and Alabama A&M University's project in Sudan and the Caribbean. Other Peanut CRSP efforts have been made in theinsect management project in Burkina Faso with the University of Georgia, and the Universityof Florida's efforts in the Caribbean project. 

Breeding 

Breeders have been looking for cultivars that are resistant to invasion by Aspergil/usspp.Theseefforts are pursued by screening groundnut seeds or pods against Aspergillus spp in thelaboratory and selecting those that show resistance for further trials. A completely resistantgenotype has yet to be found. Although some promising leads have been uncovered, the goal of aresistant cultivar still eludes us. 

Insect Manngement 

The role of insects such as termites in Burkina Faso and the lesser cornstalk borer, Elasmopalpuslignosellus in Georgia as facilitators for Aspergillus invasion has been directly correlated withthe presence of aflatoxin in groundnuts. Cultural practices such as prompt harvesting at the endof the rainy season to minimize insect damage have resulted in a lower incidence of aflatoxin.The harvesting, drying, and storage phases ofgroundnut production are distinctively risky forthe development of aflatoxin. Studies by the Alabama-Sudan group indicate a generally lowlevel of aflatoxin in groundnuts at the farmer's level in Sudan (Singh 1986). A recent PeanutCRSP effort has been initiated in the Caribbean to study problems of drying and storing
groundnuts. 

Removal/Destruction 

Once aflatoxin is formed in the groundnuts, there are several options one can take. One is toignore it, although most persons would not find that option acceptable. Another is to remove ordestroy the aflatoxin, and studies on removal from groundnut oil by adsorption with inorganicclays, such as aluminum silicates, have been pursued by the Texas group. Removal from peanut 
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"milk" by a bacterium, Flavobacterium aurantiacum, has been studied by the Georgia Food 

pages 141-151). The question of whether the aflatoxin is seeTechnology group (Hao et al., 

simply removed or destroyed has yet to be answered. 

Chemical detoxification has been studied by the Florida group who chlorinated aflatoxin and 

was eliminated, the method is not 
identified the resulting products. Although the aflatoxin 

other chemical agents such as 
use because of health concerns. Studies usingproposed for 

as has photocLzmical degradation.
bisulfite and ammonia have been proposed, 

The third option for controlling mycotoxins is to remove or sort out the contaminated nuts. 

The Food Science Project in Thailand and the Philippines with the University of Georgia, and 

Texas group has used dielectric 
the Texas A&M project have taken this approach. The 

precision has yet to be 
characteristics to distinguish sound from moldy nuts, but the necessary 

achieved. 
nature of the distribution of the 

The task of separation or removal is affected by the 

contaminated nuts. This has been studied by Whitaker and Wiser (1969) at North Carolina 
-
State 
,the
 

University, USA, who showed that in samples averaging an aflatoxin content of 100 Mg kg
 

toxicity resided in less than 0.5% of the nuts. While this is a statistical abstraction, it indicates
 

high level of aflatoxin. The problems of sampling,

that a small fraction of the nuts contain a 


which are exacerbated by such a distribution, make it very difficult to study the effect of
 

variables in a statistically sound manner. 
et al. (1984) at the National Peanut Research Laboratory of the 

Studies by Blankenship 
United States Department of Agriculture, Dawson, Georgia, USA, have shown a direct rela

tionship between pod damage, pod strength, and aflatoxin levels, and an inverse relationship 

terminal velocity, and aflatoxin levels. The commercial 
between pod size, seed density, pod 

methods of separation are based on these characteristics to isolate contaminated nuts from a 

mixture of contaminated and aflatoxin-free nuts. 
stream containing a 

visual sorting preceded by blanching and group usedThe Georgia-Philippines-Thailand 
steaming. The rationale was that a method utili-',ing "appropriate technology" was needed. The 

testae and embryos wLre removed. The goal was to
the nut, thereforeultimate product was 

detect the presence of mold rather than aflatoxins, inasmuch as there might possibly be other 

mycotoxins in the nuts. Steaming was used for several reasons, firstly to inactivate lipoxygenase, 

and secondly to enhance any chromogenic reactions resulting from the presence of molds. 

Other considerations were to limit the destruction of antioxidants by providing an anaerobic 

atmosphere that also minimized oxidative browning reactions. Using this method, a batch of 

were treated and sorted into accept
groundnuts averaging an aflatoxin content of 120 mg kg-' 


able and questionable groups. They were then processed into peanut butter and analyzed. The
 
of more than 

acceptable lot had no detectable aflatoxin whereas the rejects contained aflatoxmi 


800 pg kg-1. The rejects amounted to about 13% of the total.
 
such practices as dry roasting, blanching, and 

Variations of this procedure are seen in 
nuts; or blanching, oil roasting, and inspection for roasted nuts. 

inspection for confectionery 

have shown little or no aflatoxin in the nuts.


When carefully done, tests 
to mask any imperfections

On the other hand, the processing of peanut butter is such as 

present in the nuts, and it is entirely possible that the aflatoxin levels in the 800 pg kg-' range seen 

result of utilizing reject nuts. A similar situation exists when nuts are 
in some samples are a 

toppings or as a base for 
mixed with other condiments for use as decorativechopped and 


cooking.
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Discussion 

The questions that arise are:I. If the aflatoxin is concentrated in a small percentage of kernels, is it necessary to removeperhaps 10 times as many?2. Is the rate of infection by aflatoxin-producing fungi usually in the range of perhaps 1-10% ofall fungi infecting groundnuts?
The removal of nuts that have been attacked by mold thus results in 10 times more nuts being
rejected than if methods for detecting and removing individual aflatoxin-contaminated nutscould be perfected. But during the process of removing mold-damaged nuts, other mycotoxinsare eliminated. The amount of rejects depends on the initial condition of the sample, but adds up to a sizable portion, and thus methods for using reject nuts would be a further incentive forseparation.Studies by the Texas group on the incidence of Aspergillus spp in groundnut seed fromSenegal gave average seed infection levels of 1I%for A.flavus and 36% for A. niger. However,considerable variation was noted between samples; andvariety, etc. were also noted. It 
effects of location, environment,was concludedsurfaces when sown. Thus, it 

that most seed had A. flavus spores on theirappears reasonableaflatoxin-producing at this time to accept the premise thatfungi usually infest groundnuts at a level of 1-10% of the total fungalpopulation, but have a potential for 100% infestation.The potential for improvement is in reducing the total fungal infection rate by use of resistantcultivars, improved cultural practices, protective handling during harvesting, drying,storage, and better sorting methods. 
and 
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Discussion 
J.l. Pitt. Regarding the comment by Dr Nakayama on A.flavus invasion ofgroundnuts being
very variable (1-22%) in the USA, I have found variation in Australia (5-88%) to depend greatly
upon drought stress and cultural conditions. 
T.O.M. Nakayama. I agree.K.K. Shreshtha. In Nepal, we don't have very good technology for detection and analysis for
aflatoxin. You metioned sorting, inspection, rapid drying and good storage conditons. Are these
appropriate technologies for developing countries? 
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T.O.M. Nakayama. I certainly think so. 
K.K. Shreshtha. Is there any other method you would like to suggest? 
T.O.M. Nakayama. Technology is a pretty loose term. We chose the method we did because 
we didn't need the color sorter. Secondly we addressed the number one constraint which is 
inadequate food supply. 
T. Shantha. 20 to 25% isa considerable amount of produce to reject. What do you do with the 
rejects? Can one afford to reject so much? 
T.O.M. Nakayama. This is a serious problem. Once a nut has been removed from the food 
chain because of possible mycotoxin contamination, it should not return to the human food 
chain, but should be used for other purposes where it can do no harm. 
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Queensland Department of Primary Industries'
 
Involvement with Aflatoxin in Groundnuts
 

in Australia and Indonesia
 

K.J. Middleton' 

Abstract 

Rainfed groundnut production in Queensland, Australia is often severely affected by aflatoxin 

contamination. The Queensland Department of Primary Industries (QDPI) provides extension 

and research services togroundnut producers, and has addressed thisproblem in a variety ofways 

since becoming aware of it. 
Extension activities have attempted to improve producers' understanding of the causes of 

affatoxin formation in groundnuts and of the management methods available at the farm level 

and at the shelling plant. 
Scientific support has been made available to: assist the groundnut industry establish its own 

qualit v-control facilities; help define some of the local factors important in aIlatoxin develop

ment; conduct an Australiansite fbr the International Groundnut Aspergillus flavus Nursery; 

and to collaborate with industry, the Commonwealth Scientific and Industrial Research Organi

zation (CSIR 0), and the Australian National University (ANU) in allatoxin research activities. 

The Australian Centre for International Agricultural Research (A CIA R)-funded groundnut 

project in Indonesia conducted in collaboration by scientists from QDPI and the Agency for 

Agricultural Research and Development (AARD) may, in future, consider the inclusion of 

research on production aspects of aflatoxin contamination. 

Risume 

Participation du Queensland Department of Primary Industries aux travaux sur les aflatoxines 

dans les arachides en Australie et en indon~sie: Les arachides cultiv6es pendant la saison des 

pluies au Queensland en Australie sont sou vent forteinent contamin6es par les aflatoxines. Le 

Queensland Department ofPrimar 'Industries(QDPI), ayant pris connaissance du problme, a 

adopt6plusieurs approches en ve de maitriser ]acontamination et offre des servicesde recherche 

et d'encadrement aux producteurs. 
Les services d'encadrement cherchent h sensibiliser les producteurs en ce qL i concerne les 

causes provoquant ]a formation des atlatoxines et aux techniques de lutte utilisab -sau champ et 

dans les unites de dcorticage. 
La recherche assure son appui pour : I 6tablissement des contr6les de qualit6 au niveau 

industriel, la dterminationdes facteurs locaux qui fa vorisent le d~veloppement des aflatoxines et 

I. Senior Plant Pathologist. Queensland Department of Primary Industries, J.Bjelke-Petersen Research Station, PO Box 23, Kingaroy, 
Qucensland, 4610. Australia. 

Citation: ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1989. Aflatoxin contamination of groundnut: 

proceedings of the International Workshop, 6-9 Ot 1987, ICRISAT Center, India. Patancheru, A.P. 502 324, India: ICRISAT. 

209 



la conduite de I'ssai InternationalGroundmt Aspergillus flavus Nursery. Les services scientifiques cooplkrent uvec le secteur industriel, le Coinonwealth Scientillc and Industrial ResearchOrganization(CSIRO) ainsi que I'Australian National University (ANU) dans le cadre de Iarecherche sur lIs a/latoxines.
Le protSlitI "rachidel'nanc parI:,4ustralian('entre for InternationalAgricuit'iralResearch(A CIA R). est situ9ten indon~sieet tenn en collaboration avec les chercheurs du QDPI et ceux deI'Agenc . lor Agricultural ResearchDevelopment (AA RD). I devrait galement 6tudierl 'effetdeIa contamination par les allatoxines au niveau de i production. 

Res6mene 
Participaci6n del Departmento de Industrias Primarias de Queensland en los trabajos sobre lasaflatoxinas en elcacahuate, en Australia e Indonesia : La producci6n de cacahuates bajocondiciones de secano en Queensland, A ustralia, frecuentementees contatninada en forma severacon allatoxinas.El Departmento de industrias Priniarias de Queensland (QDPI),quepropoiciona servicios de asistenci t&,nica v de investiaci(in a los productores de cacahuates, se hadedicado a este probleina en dit,.-rsas lirtnasdesde que lo detecti.Los serviciOsde asistencia ttcnica han tratado de .ensibiliara los producitores acerca de lascausasde Ia lornaci(jn de las alato.xinas en los cacahuates, . sohre las prJcticas 1e manejodelcultivo que pueden usar.se para et itarsu lornac6n, tanto en los predios rurales, cofio en lasplantas de dcAscascarainiento.

Se ha pronorcionadoapo"o cientilico para: auxilh:r a la industria cacahuatera en el establecimiento de controles de calidad a nivel industrial; avudaren laidentitcaciin de lictoreslocalesque son itnportattes en ia librmnacifn de las allatoxinas: establecer en Australia el Vivero
Internacionalde Aspergillus tiavus en Cacahate *colahorar con b industria, la Organizachinpara la Invcstigaciin 'ientilica e Industrial del Conlrontalth (CSIRO).as conio con I/personal de la I nt;ersidadNact' nal A ustrahima,en traba/'osde in; estigaci6i sohreallatoxinas.El pro;-ecto sobre cacahuates linanciado por el ('entro Australiano para ia lnvestigacinAgricola Internacional(., C/1A R). situado en Indonesia. que se realiza con la colaboraci6n de loscientilicos del QDPl y de la Agencia para el Desarrolloy la Investigacisn Agricolas (AARD)podr,,i en el futuro, considcrar incluiren sus trabaiosinvestigacionessobre los aspectos industriales de lacontanfinaciin con a/latoxinas. 

Australia 

Almost all of the groundnuts grown in Australia are produced in the state ofQueensland. Thereare two main centers of production. The Atherton Tableland in north Queensland is favored byadequate rainfall, produces high yields (2 t ha-1), and has few problems with aflatoxin. SouthBurnett and Central Burnett in south Queensland form a much larger area, but due mainly toless-reliable rainfall, yields there are generally lower (I t ha-'), and aflatoxin occurrence ismore 
common. 

The Australian groundnut industry is entirely mechanized, with all production intended forconfectionery and table purposes. A small quantity of oil is produced from groundnuts unfit for
these purposes.

The Queensland Department of Primary Industries (QDPI) is the principal agency servicing 
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primary producers in Queensland with applied research, extension, and regulatory functions. 

The QDPI has abcut 2)50 staff, many of whom are located in country centers. Research is 

carried out at 45 laboratories and research stations strategically located throughout the state. 

Extension services are widely offered with extension officers disseminating up-to-date knowl

edge to producers in their areas. 
The role of the QDPI in assisting the groundrut industry to address the aflatoxin problem has 

been one of providing various aspects of scientific support. 

Until 1977, there was no requirement in Australia to test foods for aflatoxin. At that time, the 
aPeanut Marketing Board (PMB) was conducting random checks of the graded product as 

means of gathering data on the incidence of aflatoxin in the Queensland crop and of meeting 

export requirements. The QDPI provided the PMB with technical support, initially conducting 

the aflatoxin analyses, and later assisting the PMB to establish its own aflatoxin test laboratory. 

This has since been developed, largely independently of the QDPI, to recognized world 

standards. 
In 1977, a year when all south Queensland production areas experienced severe drought, 

was and As consequence, health authoritiesaflatoxin contamination widespread severe. a 

recommended the implementation of maximum tolerable levels of 15 ug kg-: total aflatoxin 

contamination in groundnuts and groundnut products. The industry was then confronted with 

the long-term need for information on techniques to deal with the contaminated crop in store. 

Producer representatives, a production specialist employed by the industry and a QDPI plant 

pathologist acting as scientific adviser, undertook a fact-finding mission to the USA, a country 

with similar production technology to Australia. Among other things, they were able to confirm 

that: 
, aflatoxin contamination may occur preharvest under drought conditions; 

aflatoxin can be rapidly detected in samples taken from individual deliveries at the buying* 

point;
 

* frequently, not all kernels in a contaminated lot will cr itain aflatoxin;
 

* 
 careful sorting can often separate aflatoxin-contami,...,, d kernels from noncontaminated 

kernels;
 
can assist the sorting process; and
• 	 blanching kernels (testa removal) 

• 	 in cases where aflatoxin production commenced before digging, careful drying and storage 

(on-farm and in processing plants) can prevent further production of aflatoxin during 

these procedures. 
As a result of these findings the aflatoxin problem in the Australian groundnut industry has 

by:been satisfactorily 	managed, despite some further serious occurrences, 


of the close link between drought and aflatoxin;
* 	 being aware 
* 	 careful harvesting, drying, and storage. especially when local conditions indicate potential 

for contamination;
 
monitoring individual deliveries, and segregating contaminated lots from Jean ones;
" 

from the contaminated portion of the crop;* 	 careful sorting and grading of produce 
* using dry roasting and blanching as a means of improving sorting efficiency; and 

" rigorous testing, using sophisticated procedures, at all stages of processing from shelling to 

dispatch to user. 
The costs of this approach have been significant, but at no time have Australian consumers 

been denied groundnuts or groundnut products because of aflatoxin contamination. Similarly, 

at no time have producers' incomes been dramatically slashed because of aflatoxin contamina

tion in droughted crops. The QDPI has contributed significantly to the efforts to improve 

growers' awareness and understanding of the aflatoxin problem. 
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The QI)PI conducted a research project from 1979 to 1981 to verify the role of those factorsbelieved to make important contributions to the recurrent problem facing the Australian
groundnut industry. Graham ( 1982a,b,c) formed the following conclusions:" The bulk of the fungal contamination and toxin production occurs preharvest.* 	 Soil populations of the ..l.%lwrgi//usflavt, group fungi are frequently adequate for infection, particularly in soils with low water-holding capacitv or during drought." At pod moisture contents from 20(' to 75(i intact pods were rarely invaded by A./lavus,while broken pods and insect-damaged pods were frequently invaded by the fungus. Thissuggests that intact pods provide some barrier to invasion. This statement issignificant asthe Red Spanish cultivar grown on soils prone to moisture limitations, frequently splits its

shell during the process of pod filling (maturation).
* Drought stress during early stages of crop growth does not lead to aflatoxin contamination, whereas stress in the last 30 days before harvest can lead to high levels of 

contamination. 
* 	 Aflatoxin contamination induced by drought stress is not amenable to control throughmanipulation of plant population and or special arrangerment, within agronomically

acceptable ranges of these factors.
* When aflatoxin is not present at diggng (lifting), curing in a warm humid environment isunlikely to lead to allatoxin contamination although otherspoilage fungi may damage the 

crop.
" The adjustment of harvest date to prevent contamination incurs a yield penalty of greatervalue than the cost of recovering an edible commodity from the crop produce.The QDPI has conducted an Australian site of the ICRISAT International Groundnut• lwqer'ilh/.u/lavus Nursery (IGAFN) to complement data supplied from other countries. TheQDPI was assisted with this trial by the PMB who conducted aflatoxin analyses on kernels atharvest, and after inoculation with a kno, n allatoxin-producing strain of A. flavtis which wassupplied by CSIRO. High levels of *.Vrpi//u.s nigr infection were recorded on seeds afterharvest. Some of the materials grown for the IGAFN have been used by scientists at theAustralian National University who are working wifh ICRISAT scientists to understand themode of A..flavus resistance uffered by groundnut germplasm.

The QDPI has assisted the Queensland groundnut industry to manage its aflatoxin problemthrough scientific assistance and advice, a significant extension commitment, a limited researchrole, and by coordinating and advising others involved in either commercial management, or
detailed pathogen or host investigations, thereby maintaining a balance between studies on the
host, the pathogen, and the environmen:al factors affecting tnem.
 

Indonesia 
Since 1985, scientists from the QDPI and the Food Crops Institutes of the Agency for Agricultural Research and Development (AARD) in Indonesia have conducted a collaborative "PeanutImprovement in Indonesia" project funded by the Australian Centre for International Agricultural Research (ACIAR). A conscious decision was taken during planning discussions not toinclude aflatoxin in this project, which is funded until October 1988. It can be anticipated,however, that aflatoxin would be considered for inclusion in any continuation of the currentwork if funding of a follow-up project were recommended.

QDPI mycotoxicological expertise has been made available to assist Indonesian scientistsassociated with Indonesia's intensive animal industries to develop the facilities necessary toaddress thL aflatoxin problems facing those industries. 
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Discussion 

You said that no oil extraction isdone using rejected groundnuts, what do you do
A.H. Siwela. 
with the groundnuts? If oil is extracted, what do you do with the contaminated cake? 

K.J. Middleton. Groundnuts are not deliberately produced with oil extraction in mind, but 

contaminated groundnuts are used for oil extraction: oil is further refined. Contaminated cake is 

used for stockfeed, but allatoxin content of formulated stockfeed is also regulated. 

R.E. Pettit. Mention was made that groundnuts are sorted in Australia. What procedure is 

used to sort these groundnuts? 
K.J. Middleton. Electronic color sorting, often following blanching and/or light roasting. 

D. Caley. Can you confirm that Queensland has only three receiving points for buying 

groundnuts? 
K.J. Middleton. Yes. One in north Queensland, two in south Queensland. 

D. Caley. If you only buy groundnuts at three locations, are delivery distances very long? 
The maximum is 600 km. All

K.J. 	Middleton. Delivery distances of 50-60 km are common. 


in bulk, usually by 10-t semi-trailers.
deliveries are 
How many staff are employed in research and extension?D. Caley. 

a staff total 	of 2950 for all functions. Staff associated full or
K.J. Middleton. QDlPI has 

part-time with the groundnut industry would be Research 15, Extension 6, and Regulations 3. 
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Groundnut Aflatoxin Problems in Indonesia 

M. Machmud' 

Abstract 

Aflatoxin research in Indonesia was initiated in 1969. Of the marketable groundnuts tested 
60-8097, were contaminated with aflatoxin at levels from 40 to 4100 ,g kg-' seeds; retailground
nuts being the most highl' contaminated. 

Processing raw groundnut seeds into other products, such as peanut butter and fermented 
groundnut presscake significant' reduced allatoxin contamination. Clinical studies suggested a 
positive correlation between allatoxin ingestion and human hepatic cancer. 

More research is needed on the role of preharvest fungal infection on postharvest allatoxin 
contamination, the control of storage contamination, and on fungi - groundnut - environment 
interactions favoring allatoxin production. 

Rsum 

Problime des aflatoxines dans I'arachide en Indon~sie : La recherche stir les aflatoxines a 
d6hut6 en 1969 en Indon~sie. Entre60 et 80C§de ]a production commerciale des arachides &tait 

alors contamine i des nivea ux allant de 40 i 4100 ,g kg-' de graines. Les arachidesfaisant I'objet 
du commerce de detail 6taient les plus fortement contamintes. 

Le traitement des graines da,-achide crues pour/aliabricationdes produits tels que le beurre 
d'arachideet les ,ourteaux thrinents rcduit sensiblement /a contamination. Les 6tudes cliniques 
sugg, rent une correlation positive entre Pingestion des aflatoxines et /c cancer du foie chez 
I homme. 

Les recherches plus poussces sont necessaires stir le r6le de Pinfection par les champignons 
avant la rccolte dans la contamination des arachides par les atlatoxines apr~s la r6colte, sur la 
maitrise de la contamination des arachides stock es. ainsi que sur les interactions champignons x 

arachides - milieu qui favorisent I1laborationdes allatoxines. 

Resimene 

Problemas de las aflatoxinas en eleacahuate en Indonesia : Las investigaciones sobre las 
aflatoxinas se iniciaron en Indonesia en 1969. Sesenta a ochenta por ciento de la producci6n 
comercial de cacahuates estaba contaminada con allatoxinas,con niveles de 40 hasta 4100,ug kg-' 
de semilla: los cacahuates en el comercio al menudeo fueron los ms altamente contaminados. 

El procesamiento de las scm illas crudas, para su con versi6n en otros productos, tales como 
mantequilla de cacah uatey tortade cacahuate fermentado, redujo significativamente la contami

1.Plant Pathologist, Bogor Research Institute for Food Crops (BORIF). P0 Box 368/800, Jalan Cimanggu, 3A, Bogor 16111. 
Indonesia. 

Citation: ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1989. Aflatoxin contamination of groundnut: 
proceedings of the International Workshop, 6-9 Oct 1987, ICRISAT Center, India. Patancheru, A.P. 502324, India: ICRISAT. 
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naci6n con at7atoxinas. Estudios clinicos sugirieron la existencia de una corrclaci6n positiva
entre la intgesti6nde allatoxinas y la incidencia de cincer hepatico en los hurnanos.Se necesitannisin iestigacionessobre los eectosde la infecci6n fungosa antes de la cosecha enI; contatninaci6r con alatoxinasdespu6s de la cosecha;cl controlde la containinaci6nduranteelalincenaje;y sobre las iitcaccines hongo x cacahuate x nedio ambiente, que favorecen la 
producci6n de allatoxinas. 

Introduction 

Groundnut is a major food legume in Indonesia and ranks second after soybean, annualproduction being approximately 0.5 million t of unshelled nuts from 550 000 ha, with yieldsranging from 0.5 to 1.5 t ha-i (Bell et al. 1986). Gruundnuts produced in Indonesia are used
almost exclusively for human consumption.

The humid tropical conditions of Indonesia and its agricultural practices favor rapid growthand w idespread infestation of crop plants, including groundnut by Atspergillus./7avus,tiemoldresponsible for aflatoxin production (Husaini et al. 1974). 1lie aflatoxin hazards to man andaninal have been known for a long time in Indonesia (Pang and Husaini 1972, Panget al. 1974),but specific attention and research on groundnut aflatoxin was initiated only in April 1969 bythe Nutrition Research Institute, Bogor, in conjunction with the first Five-Year DevelopmentProgram of the Government of Indonesia. Studies have been done in three phases, (1)a survey of,ls1er,1'iI/is./iaviv invasion and allatoxin contamination in groundnuts, (2) studies on prevention of aflatoxin production in groundnuts, and (3) assessments of the relationship between tieaflatoxin content of diets and human primary hepatic cancer (Husaini et al. 1974). Recentlyother institutions such as the Institute for Veterinary Research (Blaney, B.J. personal communication) and the Southeast Asian Regional Center for Tropical Biology (SEAMEO-BIOTROP)
have initiated research on aflatoxin (Dharmaputra and Rahayu 1985). 

Groundnut Production, Marketing, and Consumption 

Most groundnuts in Indonesia are grown by small-scale farmers. The crops are usuallygrown inupland conditions or in lowlands after rice, either as a monocrop or intercropped with maize orcassava. Tlhe major groundnut-growing areas in Indonesia are located in 8ofthe 27 provinces ofthe country, namely Bali, Central Java, East Java, West Java, Lampung, North Sumatra, SouthSulawesi, and \Vest Nusatenggara (Muhilal and Nurjadi 1977, Machmud and Middltton 1987)with about 70% (f the area in .ava (Figure I). The annual harvested area, production, and yields
of groundnuts from 1969 to 1985 are shown in Table I.Farmers sell their groundnuts either as fresh pods, dry pods, or dry nuts to "village buyers",after retaining some for their own consumption. The village buyers sell the groundnuts tocollectors or directly to industrial factories. The lime taken for the groundnut to reach theconsumers after harvest ranges from 40 to 110 days (Muhilal and Nurjadi 1977). Figure 2shows
channels of groundnut marketing in .lava.

Although Indonesia exports some of its groundnuts, most ofthe produce isused domestically,primarily for human consumption as raw nuts or in other food products (Muhilal and Nurjadi1977). The foods made of groundnuts can be divided into two categories, those in which the nutsare still recognizable, such as fried groundnuts, made from selected, good quality nuts, and those 
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Figure I. Major groundnut-growing areas (shaded) in Indonesia. 

in which the nuts are ground into powder or pastes, such as peanut butter, that are made from 

the lower-grade nuts and are likely to be contaminated by aflatoxin. There is also a delicacy 

called oncom made of groundnut presscake (bungki), a waste product of groundnuts that have 

been pressed to extract the oil. The presscake is fermented by molds, Rhizopus oligosfJorus(for 

black oncom) and Monilia 'itophila (for red onconi). This food is particularly popular in West 

Java (Hermana 1973). Table 2 shows some of the groundnut and groundnut products commonly 

consumed by Indonesians, and their aflatoxin content. 

Table 1. Annual groundnut harvested area, production, and yield ha-1 in Indonesia, 1969-1985. 

Harvest area Production Yield Ilarvest area Production Yield 

Year ('000 ha) ('000 t) (kg ha-1) Year ('000 ha) ('000 t) (kg ha-') 

1968 395 287 730 1977 507 409 810
 

1969 372 267 720 1978 506 446 880
 

1970 380 281 740 1979 473 424 900
 

1971 376 284 750 1980 506 470 930
 

1972 352 282 800 1981 519 475 920
 

1973 416 290 700 1982 461 437 950
 

1974 411 307 750 1983 480 460 960
 

1975 474 380 800 1984 576 535 990
 

1976 414 341 820 1985 490 493 I000
 

Source: Directorate General of Food Crops 1986. 
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Figure 2. Channels of groundnut marketing in Java.
Source: Survey of Agricultural Economics, Departmentof Agriculture, 1972,in Muhilal and Nurjadi 1977.
 

Table 2. Aflatoxin contents of groundnuts and groundnut products in indonesia. 

Aflaloxin content' 

(ugkg-1)Item Samples (no) B, 
Groundnut (raw) 20 180 353Groundnut oil 20 61 82Groundnut presscake (hungki) 20
Fermented presscake (oncoin) 

126 174 
39 67 120Fried groundnut 4 ND2 NDBoiled groundnut 4 80 NDFlour-coated fried groundnut 3 ND 3 

83 49 
Groundnut sauce 
Peanut butter 
Sweetened groundnut cake 

3 13 ND 

Fried oncom (red 
2 170 83or black) 16 41 83 

I. Average value. 
2. ND not detectable. 
Source: compiled from Muhilal. Karjadi, and Prawiranegara (1971). 
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Groundnut Aflatoxin Problems and Research Progress 

Studies revealed that the groundnut crop could be infested by aflatoxin-producing fungi while it 

is still in the field (Roedjito 197 1, Machmud and Middleton 1987). Thus, the source of aflatoxin 

contamination may be in the fields. Since Indonesian farmers usually harvest, process, and dry 

their groundnuts manually, groundnut quality is not wel! controlled and varies considerably 

among farmers. Surveys indicated that most groundnuts sold in the market were invaded by 

fungi capable of producing aflatoxin, although the level of infestation varied from market to 

market. Muhilal, Karyadi, and Prawiranegara (1971) reported that 60-80% of groundnut 

market samples were invaded by fungi and contained from 40 to 4100 pg kg-' aflatoxin. 

Interestingly, groundnut samples obtained from research institutions and distributors contained 

virtually no aflatoxin (Table 3), while those obtained from the retailers contained considerable 

quantities of aflatoxin. Thus, aflatoxin contamination is more likely to occur while the ground

nuts are in the :etailers' stores or shops. 

Table 3. Aflatoxin contents of groundnuts in Indonesia. 

Aflatoxin content' 
(jug kg-') 

Groundnut source Samples (no) B, G, 

Central Research institute for Agriculture 
Distributor 

5 
5 

ND2 

ND 
ND 
ND 

Subdistributor 
Retailer 

5 
12 

8 
615 

ND 
67 

I. A~erage v.alue from the sample analyed. 
2 N) = not detectable. 

Source: compiled from Muhilal. Karjadi. and Prawiranegara 1971. 

Groundnut products may also be contaminated with aflatoxin, Muhilal Karyadi, and Prawi

ranegara (1971) reported that almost all the groundnuts and groundnut products sampled from 

markets, stores, and food manufacturers contained aflatoxin from trace amounts to more than 

1000 pg kg-', except in fried groundnuts in which aflatoxin was not detectable (Table 3). 

Compared to the maximum permissible aflatoxin contamination in food products designated by 

the United States and Canadian Food and Drug Administrations, the aflatoxin contents of 

Indonesian products are, on average, hazardous to human health. 

A study was also undertaken to find ways to control aflatoxin production in groundnuts. The 

study was designed to distinguish between the effects of early or late harvesting, drying, and 

storage on aflatoxin contamination in Gadjah variety. The results suggest that the most 
100-110 days after sowing, otherwiseappropriate time to harvest this variety is between 

aflatoxin contamination is likely to occur. Groundnuts should be stored in dry, closed contain

ers (Muhilal and Nurjadi 1977). 
Aflatoxin contamination was first detected in home-stored, good quality groundnuts 10 

weeks after storage. The level increased rapidly to over 500 pg kg-1 .The moisture content of the 

groundnuts usually increases from about 8. when first stor,'d to 11.4% after 10 weeks (Husaini 

et al. 1974). In another study of home -stored groundnuts alatoxin was detected after 16 weeks 

of storage and an increase was n,' I.ltr 28 weeks (Table 4). Most of the aflatoxins contained 
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Table 4. Effect of harvest and storage on aflatoxin content of groundnuts (cv Gajah) in Indonesia. 

Aflatoxin content (jug kg-J) 
B1 G,Weeks after harvest' 100 DAS2 110 DAS 100 DAS 110 DAS 

0 ND-1 ND ND ND12 ND ND ND ND16 ND ND 0.7 1.420 6.7 0.8 1.6 2.624 6.7 1.6 2.2 3.928 27.2 12.7 2.8 4.8 
I. )uring storage the moisture contents W1the stored seed varied betseen 6 ',;and 8%,.
2. IAS = da|yrs after soowing. 
3. NI) no detected.
 
Source: Ifusaini et al., personal Commnunicationl.
 

in the groundnuts and groundnut products were aflatoxins B, and G, which have been reportedas potential liver carcinogens. (Pang et al. 
liver cancer in 

1974, Muhilal and Nurjadi 1977). The incidence ofhumans and animals in Indonesia is high (Muhilal and Nurjadi 1977). Theassociation of aflatoxin with human and animal diseases has been recognized for some time(Blaney 1987). We studied the influence ofaflatoxin on human liver cancer, using 81 patients, 80suffering from primary liver cancer, and 
and 

one who was healthy. The patients included 66 males15 females ranging in age f. om 7 to 75 years. Aflatoxin was detected in the liver tissues of58% of the patients suffering from primary liver cancer. The types and amounts of aflatoxinfound in the liver specimens were B, G1, and M, at levels from trace to > 400/g kg-'. The foodscommonly consumed by the contaminated patients included oncoun, fried groundnuts, groundnut sauce, groundnut cakes, soy sauce, salt fish, and various kinds of traditional medicine madefrom herbs (jamu). These foods usually contain aflatoxin 13,, G, or both, the aflatoxin B, contentrangiag from 8 to 1190 pg kg-1 and allatoxin G, from 4 to 690jMg kg-t (Muhilal and Nurjadi
1977).

Recently, more institutions, plant pathologists, and veterinarians have become interested inaflatoxin problems in Indonesia. Dharmaputra and Rahayu (1985) surved storage fungi, andreported that at least four Aspergillus species and one Penicillium species infest groundnuts
during storage. 

Prospects for Future Research 

Research on groundnut aflatoxin in Indonesia has so far concentrated on the toxin and its effecton man and animals, rather than on the causal fungus and factors influencing aflatoxinproduction. Research in the following areas would help to reduce aflatoxin hazards.1. Surveys on the distribution and incidence in groundnut seed of the fungi involved inpreharvest aflatoxin contamination.
2. Studies on the relationship among the fungi, the groundnut hosts, and environmental factors

in relation to aflatoxin production.
3. Further studies on the effect of aflatoxin on man and animals. 
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4. 	Studies on practical methods that could be adopted to reduce aflatoxin production in 
groundnuts in the field and during storage. 
Coordinated national research programs involving scientists from different disciplines, and 

cooperative activities with international scientists and institutions would enhance lndonesia's 
capability to solve its groundnut aflatoxin problems. 

Conclusions and Suggestions 

Groundnut aflatoxin is an important problem in Indonesia. Research was initiated in 1969, and 
considerable results have been achieved to date but further work is still needed. A national 
coordinated research program with an integrated approach and cooperative work among 
domestic and international scientists is necessary to enhance our problem-solving capability. A 
working group composed of scientists from different countries and disciplines who are inter
ested in groundnut aflatoxin problems should be regularly convened to report research progress 
and to reevaluate future problems. To solve these problems internationally, it is necessary to 
organize an interdisciplinary working group of scientists from different countries who are 
interested in the groundnut aflatoxin problem. Such a group should meet regularly to evaluate 
the problems and to report research progress. 
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Discussion 

D. Caley. I note that the concentration of aflatoxin G, exceeded that of B, in two instances inyour results. This is contrary to a common belief that B, always exceeds G1.J.1. Pitt. Aspergillus parasiticusisolates mostly produce both B, and G, aflatoxins, but theratio varies widely. Some A. parasiticus isolates produce more G, than B,, and a few make G,almost exclusively, therefore B, does not invariably exceed G1. 
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Field Studies on Aspergillus flavus and Aflatoxins 
in Australian Groundnuts 

J.1. Pittl 

Abstract 

Aflatoxins have been a seriousproblemin Australiangroundnutsin thepastdecade. With the aid 
ofgovernment and industrial funding, the Commonwealth Scientific and IndustrialResearch 
Organization(CSIR 0), Divisionof FoodResearchhas carriedout an c ngoingproject formost 
of thisperiod, with emphasis on studies under commercialfield conditions. 

Research has been primar.;'yconcerned with understandingthe variables that influence the 
invasionofgroundnutsby Aspergllus flavus and A. parasiticus, andthe subsequentproduction 
ofaflatoxins. Factorsstudied include: levels of A. flavus in soils, environmentalfactors; farm 
managementpractices affecting A. flavus invasion; and the influence of drying and storage 
procedureson aflatoxin development. 

Most groundnutsoils in Kingaroyhave been found to contain detectablelevels of A. flavus, 
while surroundingvirginsoils usuallydo not. Levels of A. flavus ingroundnutsoils varywidely, 
from less than 10-sporesg-Ito ashigh as 105sporesg-1:high levels aremuch more likely tolead to 
invasion. Some fields contained consistently high levels over severalyears. The A. flavus/ 
A. parasiticus ratioalso varies widely from farm to farm, andmay influence invasion and toxin 
production. 

Investigations have shown that invasion of groundnuts by A. flavus takes place before 
groundnutsare harvested. Invasion will not occursubsequently, neither will aflatoxin be pro
duced, even undertheleast effective dryingprocedures.In all butexceptionallydryseasons,little 
aflatoxin is produced while groundnuts are in the ground, i.e., most ailatoxin is produced 
postharvest. Underthe most favorableconditions,groundnutsrequire6 to 10 days to dry in the 
field after harvest, a period sufficiently long for aflatoxin to reach unacceptablelevels. Field 
dryingcannotbe sufficiently rapid,even in dryseasons,to ensureaflatoxin-freenutsatintake to 
shellers. 

The perceivedimportanceofpreharvestinvasionas the necessaryconditionforthe production 
ofunacceptableaflatoxin levels has led to attempts to predict aflatoxinlevels atshellingintake 
from A. flavus levels atharvest.Success rateshave been encouragigbutarenot yet ofpractical 
utility. 

Risumb 

Etudes au champ sur Aspergillus flavus et sur les aflatoxines dans les cultures d'arachide en 
Australie: A u cours des dix derni~resannes,les aflatoxinesont pos6 un problame tr~sgrave 
chez lesculturesd arachideen A ustralie.Pendantla majeurepartiede cettep6riode,la divisionde 

I. 	Senior Principal Research Scientist, Commonwealth Scientific and Industrial Research Organization (CSIRO) Division of Food 
Research, Food Research Laboratory, PO Box 52, North Ryde, New South Wales 2113, Australia. 

Citation: ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1989. Aflatoxin contamination of groundnut: 
proceedings of the International Workshop, 6-9 Oct 1987, ICRISAT Center, India. Patancheru, A.P. 502324, India: ICRISAT. 
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la recherchesur les cultures vivri~res de la Commonwealth Scientific and IndustrialResearchOrganization (CSIRO) a men6 un projet ax6 sur les cultures commerciales, grice h l'appui
financierde /'Etat et des entreprises privies.

Ces recherches portent essentiellement sur une apprehension des variables qui influencentI'nvasion des aracuides parAspergillus flavus etA. parasiticus ainsique Ia production ult~rieuredes a/latoxines. Les lments 6tudi6s sont : les niveaux d' A. flavus dans le sol, les facteurs6cologiques, les pratiqu(s culturales qui iniluencent linfxtion par A. flavus, I'influence desm6thodes de s~chage et ,de stockage sur le d veloppemen: des aflat.)xines.
A. flavus cst present a des niveaux detectables dans les sols cultiv~s en arachide de Kingaroy,tandisque le champignon est absent dans les sols non cultivds aux alentours. Le taux d'A. flavusdans les premiers varieconsid~rablement de moins de I'-jusqu 1lO g-'. Le risqued 'nvasion 

est d iutant plus grand que le taux est plus Nlcv6. On constate des taux syst6matiquement 6lev6sdans certains champs. La variation du rapport A. flavus/A. parasiticus d'un champ A l'autre
pourrait influencer l' nvasion et Ia production des toxines.

D 'pris nos observations, l'invasion des arachidesparA. flavus a lieu avantlarcolte. Mrmeen cas d'un s6chage inelficace, il n 'v a pas dinvasion par le champignon aprs la r6rolte, doncaucune production d'aflatoxines. La production d atlatoxinesest n6gligeable lorsque les arachides sont encore en terre sauf pendant des saisons trs sches. Les atlatoxines sont doncproduites aprs la rcolte. Sous conditions favorables, les arachides mettent 6 A,lOjours As6cherau champ apris la r6colte: cettep6riodeest suffisamnientlongue pour la production daflatoxinesquiatteignent des niveaux inacceptables. Les6chageau champ n "estjamaisassezrapide, memeen
saison siche, pourgarantir la non production dadlatoxines avant le d6corticage.Etant donn6 que Pinvasionpar A. flavus avant la r6colte est responsable des taux de contamination inacceptables, ce paranitre est retenu pour la pr6vision du niveau au d6corticage. Cettemethode a donn6 des r6sultats satisfaisants, mais elle n6cessite dautresperfectionnements avant 
d Ptred'utilit6 pratique. 

Resdmene 

Estudios de campo sobre Aspergillusfiavusy las aflatoxinas en el cacahuate en Australia: Enlad6cada pasada, las aflatoxinas han constituido un grave problema en las siembras del cacahuateen Australia. Durante la mayor parte de ese periodo, la Divisi6n de In vestigaciones sobre losAlimentos de la OrganizaciJn para la Investigaci6n Cientifica e Industrial del Commonwealth
(CSIRO) ha desarrollado un proyecto, que actualmente contima en marcha, con el apoyofinanciero del gobierno y las empresas industriales, con especial atenci6n en los estudios realizados bajo las condiciones existentes en las siembras de campos comerciales.

Estas investigaciones primordialmente han sido enfocados hacia el conocimiento de las variables que influyen en la invasi6n de los cacahuates por Aspergillus flavus y A. parasiticus, y ]aproducci6n subsecuente de aflatoxinas.Los factores estudiados incluyen: niveles de infestaci6ncon A. flavus en los suelos; factores del medio ambiente; pricticas de manejo del cultivo en lospredios rurales, que afectan las invasiones de A. flavus; y el efecto de los procedimientosempleados en el secado y almacenamientode la cosecha. sobre la formaci6n de alatoxinas.Seencontr6que lIa mayoria de los suelos dedicados alaproducci6n decacahuates enla regi6nde Kingaroy, contienen niveles detectables de A. flavus, mientras que en los suelos virgenescolindantes, generalmente este hongo estaba ausente. Los niveles de infestaci6n con A. flavus enlossuelos cacahuateros vari6 marcadamente, desde menos de 102 g - I hasta niveles tan altos comol0 5g-'; los altos niveles aumentan el riesgo de invasi6n fungosa en el cultivo. Algunos campostuvieron altos niveles de infestaci6n a trav6s de varios afios. La relacidn A. flavus/A. parasiticustambi6n varia considerablemente depredio a predio, ypuede influiren la invasi6nfungosayla
producci6n de allatoxinas. 
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Nuestras invcstigaciones han dernostrado que la invasiin de los cacahuates por A. flavus 
ocurre antes de la cosecha. La invasifn no ocurresubsecuentemnente, ni tampoco se producen 
atlatoxinas, incloso cuando se usan los procediniientos nionos eficaces de secado. En todos los 
ciclos agricolas. excepto aqieiloscon severas seqnias prolongadas, pocas atlatoxinas se produ
clan mientraslos eaeahi,':tespernaneecn dentrodel suelo, es decir, hi mavoriade las aflatoxinas 
se prodcen enci periodo post-cosecha. Ba jo las condieiones nis ltivorables, los cacahuates 
requicren de 6 a 10 diaspara secarseen elcamnpodespi5 (Ic hibersecosechadoel 'ultivo, lo cual 

es un periodo de sulielente duraiin para que los niveles de allatoxinas Ileguen a niveles 
inaceptables. Fl sec-;do en el campo. ann en la temporada de estiaje, no puede realizarse con 

stilncite rapide,, que pernita aseeurar que los granos se encuentren libres de ailatoxinas, al 

Ilevarse las vainas a las phntas dtscasca:;adoras. 

La importanciaplenanente demos.trada de a invasi6n precosecha, como condici6n necesaria 

para i produccitin de niveles inaceptables de allatoxinas,ha originado intentos depredecirlos 

niulesde allati)xinasq ucpueden esperarse alen tregars"Iaeoseeha alasplantasdescascaradoras, 

a partir de los niveles de A. flavus presentes en v/ cultivo en el mornento de Ila cosecha. Este 

nitodo haha dado resultadosprometedores.perorequiere de perfrccionanientodebido a lo cual 

todavia no es de utilidadprietica. 

Introduction 

In Australia, the groundnut industry isconcentrated in the northeastern state, Queensland, with 
a few exceptions. In Queensland, the traditional area for groundnut production is the Burnett 
region, northwest of Brisbane, centred on the town of Kingaroy (Graham 1982). A second major 
area is the Atherton Tableland, west of Cairns in the far north of the state. Groundnuts in 
Australia are grown primarily on volcanic soils of high water-holding capacity and nutrient 
status. The availability of such soils is limited, so groundnuts are also grown on poorer quality 
soils in the burnett area and elsewhere. Most groundnuts are grown under rainfed conditions. 
Moisture deficits are common in the Burnett region, where rainfall is often sporadic, but the 
major growing areas in the Atherton region have reliable rainfall. 

Studies on aflatoxins at the Commonwealth Scientific and Industrial Research Organization 
(CSIRO) Division of Food Research began in 1979, after it had become appa:'ent that aflatoxins 
were a major problem for the Australian groundnut industry. The studies described in this paper 
have all been carried out in the field, on commercial groundnut farms in the Burnett region. 

During the first 3 years of the study (seasons 1980-1982), investigations were confined to the 
postharvest period. In the following 3 years, studies were carried out to investigate Aspergillus 

flavus invasion and aflatoxin formation from the time of flowering right through pod develop
ment, harvesting and drying, to delivery to the shellers. 

Aims of the Project 

The aims of this project evolved as the work progressed. At first, the majoraims were to develop 

media and methods for rapid and reliable detection of A. flavus and A. parasiticus, to use such 
methods to determine levels of these fungi in soils, and to develop some understanding of factors 
influencing the growth of A.17avus and the development of aflatoxins in groundnuts postharv
est. After it became clear that A. flavus invasion was almost exclusively a preharvest pheno
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menon, attention focused on the causes of preharvest invasion and the factors controlling it.Later studies were oriented more towards developing an early warning system for the industry,to enable prediction of good or bad seasons at or before harvest. 

Basic Concepts 

The primary factor influencing the production ofaflatoxins in foods is the ability of the fujigusto grow. In laboratory culture, A./lavus grows well between 10and 37° Cat high moisture levels,and between about 25 and 35°C when relative humidity (RH) is reduced to 80%. Below 80% RHgrowth is very slow (Averst 1969, Pitt and Hocking 1977). Aflatoxin production can occur overmost of the growth range (Northolt et al. 1976, 1977, Diener and Davis 1977), but is greater at
higher humidities. 

Groundnuts are in equilibrium with very high humidities when harvested, usually in excess of99 (our unpublished observations). Thus, prime concern for prevention ofaflatoxin production is rapid drying of nuts after harvest. Safe moisture contents for prevention of A..Ilavusgrowth and aflatoxin production in Australian groundnuts are near 12%7 (wet weight basis). Thesafe moisture content for prevention of spoilage is about 8('.Growth of .-l..lavus in living substrates, such as developing groundnuts, has been less wellstudied than growth in laboratory culture. Indeed it has only been accepted quite recently thatA.fllaus will invade living tissue, as a pathogen or commensal,postharvest (Lillehoj et al. 1976, 
rather than invading onlyKlich et al. 1984). Little is known about aflatoxin production

under such conditions.
When A..flavus invades groundnuts, a positive correlation appears to exist between droughtstress and aflatoxin formation (McDonald and Harkness 1967, Pettit et al. 1971, Dickens et al.1973, L)iener and Davis 1977), but resul.s have not always been clear (Wilson and Stansell 1983). 

Drying Times for Groundnuts in the Field 

It is current practice in the Burnett region to allowgroundnuts to dry on the plants in the field forperiods ranging from several days to 2 or more weeks before threshing. The nuts are then placedin bins where further drying will be slow unless mechanical air flow or dehydration is used. Ourdata show that, even in a y'ear like 1980, when drought resulted in most nuts being partially drywhen lifted, and low humidities throughout the drying phase resulted in optimum dryingconditions, nuts required 6-10 days to dry to a safe moisture content (around 12%,). This time
interval provided ample time for .-1..lavus to grow and produce high levels of aflatoxin. In tile
1981 season, nuts harvested before the onset of rain required 16 to 20 days to dry to a safe

moisture level.


During the 1982 season, farm management practices were studied on 27 farms. Groundnuts
were allowed to dry in the field for 2 weeks or more before threshing en 70%' of the farms. The
longest drying period noted was 4 weeks. Kernel moisture content at the time of harvest rangedfrom 30'' to 46%. As in 1980, 6 to 10 days in the field were required on most farms to reducemoisture levels sufficiently to prevent growth of.flavus . On three farms, 12 days were needed 
to reach this point.

In the 1983 season, heavy rains occurred in the region after harvest. Most farms receivedbetween 90 and 100 mm of rain between harvest and threshing, which dramatically affected themoisture content of nuts during postharvest field drying. For instance, in one field where kernel 
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moisture had fallen from 50% to 25% over 10 days, it rose in the next week to over 40%. On the 12 
farms studied, drying to a moisture level where A..lavus could not grow required an average of 
31 days. 

In season,, in which A. flavus invasion is high, the use of forced ventilation or mechanical 
dehydration appears to be essential to restrict aflatoxin levels, even when field drying conditions 
appear to be .erv !avorable. 

Development of an Enumeration Medium for A. flavus and A. parasiticus 

To permit the reliable detection of A../lavus and A. parasiticusin the presence of bacteria and 
other soil fungi, a new medium was needed, selective against bacteria and spreading fungi, 
selective for A. flavus and A. 1wrasiticus , and enabling their ready recognition. This was 
develoned in our laboratory: Aspergillus Flavus and Parasiticus Agar (AFPA: Pitt et al., 1983) 
is base. on Aspergillus l)ifferential Medium (Bothast and Fennell, 1974), and is commercially 
available. On AFPA, A./*.[avus and A. parasificusgrow rapidly, and produce brilliant orange 
yellow colony reverse colors after incubation for only 42 to 48 h a! 30'C. Aside from good 
selectivity, AFPA has the further advantage that no special skill is needed to interpret results, 
and false positives or negatives are rare. 

By shaking a 10-g soil sample in 100 iL of 0. 1 ' peptone water, dilution plating 0.1 mL 
aliquots onto 20 petii dishes containing AFEPA. and counting total A..flavus colonies on the 20 
plates, an effective selective medium, AFPA (Pitt et al., 1983), was used for the enumeration of 
A. lavus and A. /ara.iticus from soils. It is possible to detect 5 propagules of A./lavus per gram 
of soil or nuts. This level is much lower than can be detected by other media or te!:hniques and, at 
the limit of I colony per 20 petri dishes. 

Levels of Aspergillusflavus in Groundnut and Other Soils 

In 1980 and 1981, about 300 samples of soil from the Kingaroy and Atherton districts were 
examined for A. .lavus populations, using AFPA. Most were taken from land in which 
groundnuts had been grown recently, or from virgin forest soils in areas adjacent to groundnut 
farms. Nearly 90% of the samples from land in which groundnuts had been grown contained 
readily detected levels of A../lavI, usually 100 to 5000 spores g-I of soil. The spores appeared to 
be uniformly dispersed, rarely varying by more than a factor of 10 over the 8-12 sites sampled in a 
single I-ha field. 

In contrast, virgin soils and pasture land contained much lower numbers of A.flavus spores. 
Of 30 virgin soil samples taken, only three were found to contain detectable levels of A.Jlavus. 
One of these, containing 100 spores g-1, was from a site in the drainage path of a groundnut field. 
The other two, containing 5 spores g-1, were from within 30 m of two sites in a groundnut field 
which each contained 800 spores g-1. 

Because thL levels found in virgin forest soils are so low, it is not certain whether A..flavus 
occurs naturally in undisturbed forest soils. It is clear, however, that cultivation of groundnuts 
results in greatly increased levels in soils. Further studies will be needed to determine whether 
this is specifically due to groundnut cropping, and whether A. flavus levels are materially 
affected by crop rotation. 

Some farms in the Burnett region have shown consistently low soil levels of A..flavus over 
several years, while others have been consistently high, and some quite erratic. The reasons 
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remain elusive, but soil moisture certainly plays a role. Levels of viable A.flavu. in soils drop
rapidly during wet weather, and rebuild slowly during dry periods. Decreased levels in wet soil 
may be attributed to tile action of competing bacteria and fungi. Increases in dry times mayoccur directly in the soil, in the absence of competitors which are inhibited by the dryness: but may also be due to growth of the fungus iii nuts detached from plants during harvest and left in 
the fields. Further studies on this aspect are needed. 

Levels of Aspergillusflavus in Groundnuts 

In the first 5 years of this study, intact kernels were used to assess levels of kernel invasion at allstages of development, and postharvest. Fifty carefully hand-shelled kernels were surface
sterilized for 1-2 rin in chlorine solution (10% household bleach; Andrews 1986) and thenplated directly onto AFPA plates (10 kernels per plate). After incubation for 2-3 days at 30'C,the percentage invasion was assessed from numbers of orange-yellow reverse colors at the point
of medium contact with the kernels. Levels of invasion ranged from 0-100% of kernels, and 
varied with farm, groundnut variety, and season. 

This method of assessing A../lavus levels in groundnuts is effective when invasion rates arehigh, but practical limits on sample size make it relai.i.Jv imprecise. In later studies, sample size 
was increased by the following technique. Samples ( I kg) of nut, in shell, usually collected atharvest, were surface serilized by immersion in a boiling water oath for 15 sec, then cooled (2min) in sterile (boiled) cold water. The nuts, still unshelled, were then chopped (in approximately350-g batches) in a Bamix ' food processor for 30 -35 see, a procedure which produced finely
divided, friable samples. Batches were recombined and mixed. Subsamples (approximately 2g)were transferred aseptically to each of 5 petri dishes containing AFPA. The petri dish lids werereplaced, and the dishes reweighed. Samples were spread with sterile glass spreaders, plates
incubated at 30"'C for 2 3 days, and A.flavus colonies enumerated, with results expressed ascolonies g-1 of sample. Such a large-scale technique was difficult to keep entirely sterile:background contamination was assessed over a large number of samples as 1-2 colonies
sample-' (i.e., 0.1 colonies g-1 of sample). Low levels of invasion were established as less than Icolony g-' and high invasion as greater than 10 colonies g-1, as higher numbers were difficult tocount accurately against the background of groundnut meal. Counts obtained in this manner

shc,wed much lower variability between duplicate samples than direct plating of kernels, and
 
were used as a basis for experimental prediction of aflatoxin levels in dried nuts.
 

Development Stage and Invasion 

Griffin and Garren (1976) and more recent work has suggested that A../lavus may be able toinvade groundnuts through the flowers, as is the case in cotton (Klich et al. 1984), travel down
the pegs, and be present in the groundnuts from the time of setting onwards. On the other hand,it is well recognized (Hill et al. 1983) that invasion can occur during growth and maturation ofthe nuts, and is also possible after pulling and during drying. To attempt to establish the most
important invasion times under Australian conditions, the invasion of'groundnuts by A.flavuis was studied from the time of flowkering until nuts were fully dried. Branches were cut from plants
in fields under study, transported to the laboratory, and cut into appropriate pieces. Flowers,
pegs, and developing nuts were surface sterilized with chlorine solutions (10% household bleach)for 1-2 min (Andrews 1986), and then incubated on AFPA for 2 days it 30'C. In the 1983 and 
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1984 seasons, 171 samples of flowers and pegs. 219 of kernels before harvest, and 150 of kernels 

after harvest were examined. Altogether, more than 16000 flowers and pegs and 19000 kernels 

were sterilized, individually cultured, and examined for the presence of A../avus in this way. 

As mentioned above, the 1983 season was %'crywet postharvest, but conditions before harvest 

had been excessively dry. A maximum of 17% of flowers in any one sample were invaded before 

harvest, with the average being 3%. Pegs were much more frequently affected, the maximum 

invasion being 71%, and the average 8. This invasion appears to have no effect on the health of 

tile peg, or the plant. In that dry season, high levels of invasion of flowers and pegs appeared to 

lead to high levels of kernel invasion. Percentage infection of the 132 preharvest kernel samples 

examined ranged as follows: no infection (40% samples), I 9. infection (43% samples), 10-19% 

(I0U-samples), and 20('1 or more infection (7% samples). The maximum level of kernel infection 

observed was 47%. 
On most farms studied in 1983, the initially dry season was followed by substantial rain before 

harvest, and farmers chose to allow a second crop to develop before harvesting. Thus, the crop 

harvested on most farms vas not the crop studied preharvest. Invasion of kernels in this second 

crop was much lower tharn in the first crop. Of"88 samples examined, only 13 had greater than 5% 

invasion by A..l/laitts.
The wet season had compensations, as an unequivocal answer was obtained to the question of 

whether or not postharvcst invasion by .-1..lavius occurs. As noted above, prolonged posthai vest 

rain resulted in nuts being left in the field for long periods, 31 days being the average time 

required to reach a saie moisture content on the 12 farms studied. Only 10 farms actually 

threshed their crop: nuts left partially dried in the field for long periods were markedly 

discolored because of invasion by soil fungi. However. fields free ofA. //aivs invasion at harvest 

showed no subsequent invasion, or aflatoxin formation, despite the worst field drying condi

tions. The 1983 season therefore provided conclusive evidence that, inder Australian condi
tions, grO:tddnuts are not invaded by ,,1.flavtsduring postharvest field drying. In 1984, it was 

possible to monitor a crop for .-flavus invasion from flowering through harvest. AlthoughI. 


individual data mean little, because of the small samples involved, the data taken overall provide 

a valuable picture (Table I). 
Invasion levels in 1984 were low by comparison with those of 1983. Flower invasion was 0-4% 

on eight farms and up to 20% for individual samples on two farms. Peg invasion was up to 8% on 

eight farms, but over 20%,' for some samples on two farms. In general, levels of peg invasion were 

found to be higher than levels of flower invasion. Much more sampling would be needed to show 

whether pegs can be invaded only through the flowers or directly through intact aerial surfaces 

of the peg itself. Flower and peg anatomy suggest that flowers may be the only route for peg 

invasion, and these data are not inconsistent with that viewpoint. 
With reference to the question of whether peg invasion can lead to kernel invasion, the answer 

in 1984 appear(ed to be negative (Table I). With the exception of farm T, invasion levels in 

immature kernels were always less than, or equal to, invasion levels in pegs. On farms E and N, 

sonic peg samples showed high levels of invasion, but immature groundnuts did not. Observed 

invasion rates in immature groundnuts were very low on the farms studied; farm T was perhaps 

an exception. 
These data differ from those obtained in 1983, and emphasize the difficulty of obtaining 

definitive answers in field studies such as this. 

In general, A. flavus invasion levels increased as nuts matured (Table 1). If 10% or lower 

invasion levels are relatively unreliable (a reasonable assumption with the techniques used) only 

farm T shows significant invasion of immature groundnuts. However, seven of the 12 farms had 

some samples with significant invasion of maturing groundnuts. Invasion levels in groundnuts 
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Table 1. Aspergillusflavus invasion of flowers, pegs, preharvest, and postharvest groundnuts, andaflatoxin levels postharvest, Burnett region, Queensland, Australia, 1984. 

Invasion by A.. llavus ("'j)' 

Farm Flowers Pegs 
Immature 

kernels 
Mature 
kernels 

Postharvest 
kernels 

Allatoxins 
(,ug kg-1) 

A 
C 
E 
F 
H 

0 
0 

0-4 
0 
0- 4 

0- 2 
0 

026 
0- 2 
0-- 4 

0 
0 

0- 2 
0-2 
0- 6 

0-12 
0-14 
0-- 2 
0- 8 

20-48 

0-16 
0-22 
0-2 
0-4 

24-F" 

0- 46 
0 125 
0 
0 

0-208 
1 
L 
N 
P 
Q 
R 
T 

0-6 
0-20 
0-10 
0- 4 
0 20 
0- 2 
0- 4 

0- 8 
0- 8 
7 40 
0 4 
0- 17 
0- 3 
0-11 

0-4 
0- 6 
0-- 2 
0 
0 
0 

3 16 

0 

0- 2 
2-16 
0 12 
4.13 
019 
0 4 

0--6 
2 

0-- 6 
0-16 
2-- 6 

16 20 
0- 8 

0 

0 
0 
0 

170-540 
0 

1. RIalgn. geenerally ol 4 samples fr floters and nuts, and 4 to 6 samples for pegs. 
2. No data. 

during drying and on-farm storage show a high correlation with those for maturing nutspreharvest, lending support to the conclusion drawn earlier in this paper that fungal invasion 
only occurs preharvest. 

Aflatoxin Formation 

Aflatoxins were assayed by standard thin layer chromatography techniques. Sampling systemssimultaneously used for mycological studies often meant that sample sizes for aflatoxin assayswere relatively small (0.5-1 kg), and hence, aflatoxin levels observed showed considerable
variability. Nevertheless valuable information has been obtained.

Given that aflatoxin can only form after A.f/'tvus invasion, the crucial question remains: doesaflatoxin form before or after harvest? Evidence from our studies indicates the latter. In normal seasons, little aflatoxin has been detected in nuts at harvest, but has built up subsequently (Table2). In very dry seasons, aflatoxin levels at harvest have sometimes been unacceptably high (> 15
Mg kg-1), but an increase in unacceptable levels has still occurred during drying. 

Prediction of Aflatoxin in Dried Nuts from A. flavus Levels Preharvest 

One aim of this study was to ascertain whether knowledge of invasion levels of A. flavus inflowers, pegs, or developing groundnuts preharvest could provide a basis for predicting aflatoxin occurrence in groundnuts delivered to shellers. Ifso, a relatively simple monitoring systemcould be established to provide an early warning of a bad season to the industry. Such a systemcould be operated at a central location by one or two microbiologists. It would allow ameliorat
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Table 2. Aflatoxin content (jg kg-') in groundnut samples taken after harvest, Burnett region, Queens
land, Australia, 1980 and 1981. 

At Partially Fully 

Variety 	 Farm harvest dried' dried' 

Virginia Bunch 	 A 90 480 1680 
C <I 45 500 
E <1 <1 <1 
F <1 <I 400 
G <1 <1 <1 

J <1 <1 250 
K 219 3660 190 
M 2 <1 170 
N <1 <1 <1 
P <1 <1 20 
S <1 <1 660 

Red Spanish 	 B <1 <1 140 
H 10 10 20 
1 115 <1 45 

I. I'artiall driedsampled iaken 1 10days alter harsest; lully dried, l6 22 days after harest. 

ing measures, such as careful and rapid drying, to reduce the aflatoxin levels at intake and also 
permit slower, cheaper field drying without excessive aflatoxin levels in seasons where invasion 
was low. 

Data from the 1983 season suggested that flower and peg invasion might be a useful predictor, 
but data from 1984 did not. Studies therefore concentrated on prediction of aflatoxin levels at 
sheller intake from A. flavus levels in nuts at the time of harvest. 

Together with data on A.flavus invasion (Table I), Table 2 provides a summary of 1984 data 
on levels of aflatoxin contamination postharvest. It is evident that 4 of the 5 farms with > 10% 
invasion by A. flavus in postharvest nut samples also showed aflatoxin in some samples. Of 
those farms with < 10% invasion, no aflatoxin was detected in any sample. Correlations within 
individual samples were not so good, but as each test sample for A.flavus consisted of only 50 
kernels, the overall correlations were encouraging. 

Correlations between preharvest A.flavus and postharvest aflatoxin, while still encouraging, 
were not quite so good. Farms N and Q both showed levels of invasion ranging up to 12 or 16% 
preharvest without such high levels being found postharvest, and without aflatoxin being 
detected. However the correlalions among the other farm,- were good. 

Preliminary studies in 1985 demonstrated the feasibility of a larger-scale A.flavus enumera
tion technique using I-kg samples of nuts in shell. During the 1986 season, a full-scale trial was 
carried out. Farms were sampled at the time of harvest. Duplicate I-kg samples of nuts in shell 
were processed as outlined earlier, and A..lfavus levels enumerated. On the basis of these results, 
acceptable or unacceptable levels ofaflatoxins in dried nuts from the same farms were predicted. 
Samples for A..!lavus assay were obtained at harvest from 61 farms, and dried samples of nuts 
for aflatoxin assay received from 48 of them at delivery to the sheller. Data from the first 20 
farms to deliver dried samples are given in Table 3. 
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Table 3. Correlations between A spergillusflavus invasion at harvest and aflatoxin in dried nuts from thefirst 20 farms with complete data, Burnett region, Queensland, Australia, 1986. 

Atlatoxin contents Prediction based onFarm A../lavus invasion' (pug kg-I)2 
invasion levels' 

3
I + + +0

+ 25 +  _

4 +++ 65 + + +5 ++ 0 +7 ++ 1690 + + 
8 + 40 +9 ++ 

II + 
0 + 
0 + +12 ++ 0 . +13 0 + + + 

15 
 0 + + +16 0 + + +
17 
 + 4 . + +18 
 +++ 400 + + +20 ++ 0 _ + 
21 + 10 +22 270 .
23 ++ 165 + +24 +++ 0 .
25 + 0 + + + 

I Iisasion le.els: I colony g"; *** 2-10 colonies g-1:* m.itmore than 10colonies g-.
2. Means olduplicate samples.
3. Prediction %alues:- and-indicate accurate or inaccurate prediction ofalatoxin basedon the invasion levels.Allatoxin contents below 

15ug kg- wkereregarded itsnegatike. 

The last three columns in Table 3 show that none of the levels of A.flavus selected was aneffective predictor of unacceptable aflatoxin levels in dried nuts. The data show a 60% success
rate for each level: success rates for all 48 farms were slightly higher, and the '+++' score wasslightly more effective, close to 70%. However, the results were not sufficiently good for thistechnique to have direct practical application. Some sources of inaccuracy are clear. First, I-kgsamples are barely adequate; statistical analysis isneeded to determine the appropriate samplinglevel. Second, farm management may play a role in final aflatoxin levels, although our studiesindicate this would be more likely to affect quantitative results rather than presence or absenceof aflatoxins. Third, this technique measures extent of invasion, not percentage of kernelsinvaded. Although from earlier studies percentage of kernels invaded appears to remain quiteconstant after harvest, the extent of invasion within individual nuts can, and indeed would, beexpected to increase. The newer large-scale technique, much more effective from the samplingviewpoint, may well be less effective in estimating final aflatoxin than plating of individual 

kernels. 
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A spergillvsflavus versus A. parasiticus 

Even when the factors discussed above are taken into account, the data from farms 5, 12, 20, and 

not led to aflatoxin production. A24 remain intriguing, because high invasion levels have 
known to exist between the two aflatoxigenicpossible explanation lies in the differences now 


species, A.flavus and A.parasiticus.Recent studies (Klich and Pitt 1985, Klich and Pitt 1988)
 
more accurately than has

have defined the taxonomic distinctions between these two species 

been previously possible. Critical examination of nearly 200 isolates from souvces around the 

world have confirmed three important points previously alluded to in the littrature without 

adequate basis. First, isolates of A. /arasiticus invariably produce both B zid G aflatoxins, 

while almost all A. /avus isoiates produce only the B compounds. Second, the majority of 
never do. Third.

A.lavus isolates produce cyclopiazonic acid, while .4.parasiticus isolates 
that they almost always produce

examination of almost 300 A. parasiticus isolates showed 

when growing under laboratory conditions, while only 404 of the 100 isolates of
aflatoxins 

It appears probable that many A..lavus
A../iavus examined by Klich and Pitt (1988) did so. 

strains existing in nalure do n,)t produce aflatoxins. Hence it is possible for a farm to be heavily 

invaded by a nontoxigenic A ...7avus strain, and produce nuts highly contaminated with A./lavus 

but not to have an allatoxin problem regardless of environmental conditions. Current investiga

tions aim to elucidate this point, as it may provide an explanation for high A..flavus invasion 

without aflatoxin production on farms such as number 24 (Table 3). 

on the relative abundance of A..flavus and A. parasiticuson groundnut farms
Information 

may be obtained in two ways: by isol'ation of these species from soil or groundnuts, and 
A. be reliablyof groundnut samples. f.avus canidentification; or by mycotoxin analysis 

distinguished from A. parasiticusby conidial wall texture: A. parasiticusproduces conidia with 

walls which appear distinc:!y roughened under 40 "magnification, while those of A.flavus are 

comparatively smeoth. Other differences also exist (Klich and Pitt 1988). Detection ofcyclopia

zonic acid in a groundnut sample indicates the presence of A.flavus, but of course does not rule 

out the simultaneous presence of A. parasiticus.The presence of G aflatoxins is indicative of
 

.4.parasitius,but does not rule out the simultaneous presence of A. .lavus. In the Burnett
 
occurrence
region, G aflatoxins are present in most aflatoxin assays, indicating the widespread 


of A. parasiticuts.Studies are needed on the relative invasivity of these two species, as their ability
 

to compete with each other in groundnuts is an important ecological factor in our understanding
 

of A./ilavtus invasion, and consequent aflatoxin production, in groundnuts.
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Discussion 

D. Cale% Can Aspergillusflavus and A. parasiticus be transmitted systemically from one 
generation to the next? 
J.1. Pitt. I think this may be possible, but there does not appear to be any reliable information. 
T. Shanta. If the fungal infection is mainly from the soil, how do you explain that mechanical 
damage increases the chances of infection by Aspergilli and production of aflatoxin? 
J.1. Pitt. Mechanical damage forces soil into close contact with kernels, and so facilitates 
invasion. 
R.V. Bhat. It is important to look into the role of soil as the source ofinoculum for preharvest 
A. flavus infection. Recent work has indicated that soil irrigation, the additic, . of lime to 
increase soil pH to 7, temperatures above 40'C, and cultivation of legumes or small grains will 
all reduce A..flavus levels in soils. 
J.1. Pitt. Irrigation, which greatly reduces drought stress, seems to prevent A.flavtus invasion, 
regardless of any other factor. Unfortunately at this stage clear evidence that crop rotation 
reduces A. /lavu" levels in soils is lacking. More research in this area is needed. 
R.C. Nageswara Rao. Your data showed that drying time influences aflatoxin content, fully 
dried groundnut had higher aflatoxin than partially dried ones. What were the conditions of 
drying? 
J.I. Pitt. These were field studies over 5 years. Drying conditions varied from hot and dry to 
cold and very wet. 
R.C. Nageswara Rao. Were these studies continued to see if aflatoxins levels continued to 
increast: during drying, reached a maximum leel, or even decreased after a period of time. 
J.1. Pitt. No. These are commercial fields. All the nuts were mechanically handled in large 
batches. 
R.C. Nageswara Rao. Are these results useful in determining time of sampling for quality 
control purposes. 
J.1. Pitt. Quality control sampling should be made before or after shelling, or before sale. This 
is a commercial and public health matter. 
D. Caley . When you said that groundnuts could be stored for several months at moistuie 

contents of 8 to 9 without spoilage, or II to 12(,j without development of aflatoxin, to what 
temperature range did you refer? 
J.1. Pitt. I was referring to ambient temperatures tip to approximately 30'C. 
D. Caley. What moisture content ranges would be safe when the temperature at the top of bag 
stacks covered by black tarpaulins is 40'C? 
J.1. Pitt. Storage under tarpaulins at high ambient temperatures is not recommended because 
of moisture migration with diurnal temperature variations. Nuts stored in that way should be 
very well dried. 
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Aflatoxin Research at the Indian National Research
 
Centre for Groundnut
 

M.P. Ghewande, G. Nagaraj, and P.S. Reddy' 

Abstract 

The potentialof Aspergillus flavus isolatesto produceaflatoxins,andthe toxicityoftheirculture 

filtrates to germinatingseeds and seedlings were studied.Isolates NRRL 3000 and V 3734/10 

producedhigh levels ofaflatoxinsin culture. Culture filtrates from these isolatesandfrom NR CG 

A FA were most tox ic to seeds andseedlings. Commercialcultivars,advancedbreedinglines,and 

wild Arachis species were screenedfor resistanceto in vitro colonization of seeds by A. flavus 

isolates,and to al7atoxii -roduction. Genotypes CGC 2. 1-4, CGC 7, S 2.0,derivativesofS230 + 

P1337394 .Latur.73 were- P1337394F.and the wild species A. cardenasii and A. duranensis 


resistantto seed colonizationby A. flavus. All genotypes ofgroundnut andthree wild Arachis
 

species supported high production of allatoxins, but only trace levels were produced in
 

A. cardenasi and A. duranensis. 
A latoxins were found (r, oge of27-146pg kg-') in commercialgroundnutcake andin de-oiled 

cake. Moistureintake capaciy. levels of seed coat phenols, and protein content of seeds were 

considered to influence allatoxin contamination levels. Soaking seeds in various organic and 
A. flavus and ofinorganicsubstances was found to influence the degree of seed invasion by 


aflatoxinproductionin in vitro inoculationtests.Severaldetoxificationmethods were examined.
 

Risume 

Centre for Groundnut en inde : LeRecherches sur les aflatoxines au National Research 

potentieldes isolatsd'Aspergillus flavus ,produiredes aflatoxinesest 6tudi6ainsique la toxicit6 

du liltratpour les semences en germinationet les plantules.En culturein vitro les isolats NRRL 

3000et 1137.4' 10pr~sententdes niveaux tr&s 6lev's d'alatoxine.Les filtratsde ces isolatset ceux 

de NR CG A FA se sontmontrts les plustoxiquespourles sentenceset lesplantules.Les cultivars 

commerciaux, Ic matbrielen s6lectionet les espicessauvagesd'Arachis ont 6t6 6valubspourleur 

r6sistanceh la colonisationin vitro des grainespar les isolatsd'A. flavus et h la productiondes 

aflatoxines. Lesgbnotypes CGC2,1-4. CGC 7,S 20 issusdes croisemenisS230 - P!33 7394Fet 

Latur33 xP133 7394Fainsitie lesesp~ces sauvagesArachis cardenasii et Arachis duranensis se 

sont montrs rbsistantsAIa colonisationdes semences parA. flavus. Tous lesgenotypes et trois 

espkcessauvages ont support6une forteproductiond aflatoxines:A. cardenasii et A. duranensis 

n 'ont prbsente que des niveaux nrgligeables. 

Les tourtcauxd arachidecominerciaux et deshuilsprbsententdes taux datflatoxinesallantde 

27 ,, 146 pg kg-'. La capacit6d ,ibsorptiondel'eau, les phbnolspresentssurIet6guments6minalet 

I. Plant Pathologist. Biochemist. and Director, National Research Centre for Groundnut, Timbawadi PO,Junagadh 362015, Gujarat, 

India. 

Citation: ICRISAT (international Crops Research Institute for the Semi-Arid Tropics). 1989. Aflatoxin contamination ofgroundnbt: 

prumeedi.p of the International Workshop, 6-9 Oct 1987. ICRISAT Center, India. Patancheru, A.P. 502324, India: ICRISAT. 
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la teneuren protinedes senences• " inluenceraientle nieaude contamination.Les testsd inLe te
tion in vitro ont rv&I que /c trempace 
stsd nocuc-la

inorganiquescondjtionnet~ /n 
des sentences dans plusicurs substances organiques t'asion desgrainespar A. flavus etlaproductiondes aflatoxines.Plusieurs net/hodes de detoxification ont &eteamines.
 

Restimene 
Investigaciones sobre las aflatoxinas en elCentro Nacional de Investigaci6nes sobre elCacahuatede la India: Se estudi elpotencialdelos aisla iientosde Aspergillusflavusparaliproduccidndeal7atoxins,asitcomolIato.icidadde los liltradosde los mediosen loscualessedesarrollaron,sobre seillasen.,.crminaciin,vphi ntuls.Los aislamientosNR R L 3000y V3734/ lOprodujeronaltos nivelos de allato.inasen sus medios de cultivo. Los liltradosde esos aislamientos v,aislanientoNRCG A FA li4eron los mnis del
6.xicos a his semillas gerrninadas ,hs p/ intulas. Seseleccionaronalgunos cultiL'reS comierciales, varias lineas a vanzadasY dii ersasespecies sihyestresde Arachis paralograriaresistenciaa la colonwaciinin vitro de sos semillaspora:lqamientosde A. flavus, Y baja prodocciin de alato.inas. Los genotipos CGC 2. 1-4, CGC 7, S 230. losdcscendienesde la crt0/a S 2?O. P1 .7.94F vde a cruza Latur33 x P13.37394F 'silvestres Arachis cardenasii las especiesv Arachis duranensis resultaronserresistentesa la colonizacidndeAspergilltis fla\us en sios setmillas. Thdos los ienotiposde cacahoate.i'tres especies silvestresdeArachis dieron origen a altas produccionesde allatoxinas,pero Arachis cardenasii Y Arachisduranensis s6lo prodileroncantidadesinsignilicaniesde estas micotoxinas.Fn tortade cacahuatecomercialv n tortade cacahnatedesgrasada,se encontra-onconcentracionesde allato.vinasque Iluctuarondo 27a 14 6, g kg-'. La capacldadde absorberhuniedad,losnivcles de fknols presentes en los tegunientos de his semillas ,el contenido de proteinasde lassemillasaparentemeniteinlu veron en los nt c/cs de contaminaci'ncon allatoxinas.Asimismo.latnaceracicnde asseminllasen varios liqttidosorgainicosc inorganicos,influvd en in intensidadconla cual ocurrian las invasiones de IMsemilla por A. flavus.. las cantidades de aflatoxinasproducidasen pruebascon inoculacionesrealizadasin vitro. Se ev'aluaronvariosmetodospara laelimini'cinde las toxinaspresentesen materizlev contaminadoscon aflatoxinas. 

Introduction 
Aflatoxin contamination is a serious problem affecting the quality of groundnut. Groundnutsand their products are good substrates for the growth of Aslpergilh,.*/luavs5 and the production ofaflatoxins. High levels of aflatoxin contamination in such exportable commodities as HPSgrade kernels and deoiled cake have seriously jeopardized export earnings, thereby deprivingIndia of valuable foreign exchange. This has led to research on different aspects of aflatoxincontamination in groundnut at the Na:ional Research Centre for Groundnut (NRCG), Junagadh, since 1982. Investigations have been made over the past 5 'ears on the aflatoxin production potential of A. flavus isolates, identification of sources of resistance to A..flavuts, seedcolonization, and aflatoxin contamination in groundnut cultivars and wild species. Studies havealso been carried out on detoxification of aflatoxin-contaminated groundnuts and groundnut

products. 
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Production of Aflatoxins by Aspergillusflavus Isolates and Effect of 
Culture Filtrates on Seed Germination and Seedling Growth 

Production of aflatoxins 

Five isolates of Aspergillu.7avus (A F 8-3-2A, A FS-2, V3734/I -, N R R L482,and N R RL 3000) 
were obtained from ICRISAT, and two isoates designated as NRCG-AFJ and NRCG-AFA 
were obtained from infected seeds of cultivars GUAG I received from Junagadh and cultivar 
TM'' !Ofrom Aliyarnagar. To investigate their aflatoxin-producing potential they were grown 
in a liquid yeast extract sucrose (YES) culture medium consisting of 2%yeast extract and 20% 
sucrose (w/w) for 7 days. Cell-free culture filtrates were collected and analyzed for aflatoxin 
content by thin layer chromatography (Holaday 1984) and photofluorimetry (Nagaraj and 
Kumar 1986). 

Isolate AFS 2did not produce any aflatoxins. All the other isolates produced significant levels 
of aflatoxin B, plus one or more of aflatoxins B,, G1, and G, (Table 1). 

Table 1.Production of aflatoxins by Apergillusflavus isolates in culture, National Research Centre for 
Groundnut, Gujarat, India, 1983/84. 

Total 

Aflatoxins (,pg kg-') aflatoxincontent 

A. flavus isolates B, B, G, G, (pug kg 1) 

NRCG-AFJ 171 - 43 214 
NRCG-AFA 400 43 71 514 
AF 8-3-2A 257 71 - 329 
AFS 2 -
NRRL 482 2543 2900 - - 5443 
NRRL 3000 8614 17542 3543 386 30084 
V 3734 10 6828 3971 1471 143 12414 

Resistance to Aspergillusflavus 

The toxigenic isolate of A.flavus NRRL 3000 that showed high aflatoxin producing capacity in 
culture was used in laboratory inoculation studies to screen genotypes derived from a J II x 
Robut 33-1 (Kadiri 3) cross, some released varieties, breeding varieties, breeding lines of S 230 x 
PI 337394 F, Latur 33 x PI 337394 F, TMV 10 x PI 337394 F, and M 37 xPI337394 Fcrosses in 
F5 generation, and the wild Arachis species A. cardenasii,A. duranensis,A. monticola,A.pu
silla, A. stenosperma, ICG 8127, and ICG 8128 for resistance to A. flavius colonization of 
rehyd! ated, mature seeds using the method of Mehan and McDonald (1980). Cultivars J II and 
Ah 7223 were included as resistant cultivars, and TMV 2 as a susceptible cultivar. 

Seed colonization by A. flavus ranged from 9.1 to 60% (Table 2). Low percentage seed 
colonization was recorded in CGC 2, 1-4. S 230, Ah 7223, CGC 7, J II, and 1-7; these are 
considered to be resistant cultivars. Derivatives of S 230 x P1337394 F and Latur 33 xPI 337394 
F were also found to be resistant. 
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Table 2. Seed resistance to Aspergillusflavus colonization in somegroundnut genotypes, National Research Centre for Groundnut, Guj
arat, India, 1985/86. 

Genotype Seed colonization (%) 

Cultivar
 
S 230 
 8.9 (17.36)1
CGC 2 9.1 (17.56)
1-4 9.1 (17.56)
CGC 7 10.6 (19.00)
1-7 14.2 (22.14)
Jyoti 18.2 (25.25)
1-17 18.2 (25.25)
1-19 20.8 (27.13)
IMV 12 21.3 (27.49)
GUAG I 30.8 (33.71)
PG I 39.6 (39.00) 

Breeding lines
 
S 230 - Pi 337394 F 
 2.5 ( 9.10)

Latur 33 , PI 337394 F 
 12.0 (20.27)
M 37 x 11 337394 F 22.5 (28.32)

TMV 10 , PI 337394 F 
 35.0 (36.27) 

Control
 
Resistant
 

Ah 7223 
 10.0 (18.44)
J II 14.1 (22.06)

Susceptible
 
TMV 2 
 40.0 (39.23) 

I. Figures in parcniheses are arc sine transformations. 
Source: Ghesande ct al. 1986. 

Table 3. Seed resistance to Aspergillusflavus colonization in wildArachis species, National Research Centre for Groundnut, Gujarat, 
India, 1985/86. 

Arachis species Seed colonization (%) 
Arachis cardenasii 0.0 ( 0.0)'
Arachis duranensis 2.0 ( 8.13)
Arachis 'onticola 90.0 (71.56)
Arachis pusilla 51.7 (45.97)
Arachis stenosperma 25.0 (30.00) 

Controls 
ICG 8127 (Arachis appressipila) 80.0 (63.44)
ICG 8128 [Arachis sp (Erectoides ER/PR)] 68.8 (56.04) 

I. Figures in parentheses are percentage arc sine transformations. 
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In the vild Arachis species studied, seed colonization ranged from 0 to 90%. Species A. carde

hiranensiswere found to be highly resistant while others were susceptible (Table 3).nasiiand A. 
some cultivars and wild Arachis species have high levels of resistance toIt is evident that 

in suchA.flavus colonization. Dry seed resistance to seed colonization has been reported 
(Mixon and Rogers 1973, Mixon 1976), Ahgenotypes as PI 337409, PI 337394 F, UF 71513-1 

7223, Var. 27, Faizpur and Monir 240-30 (Mehan et al. 1981) But this is probably the first report 

of resistance in the genotypes listed here. 

Production of Aflatoxins 

Released varieties 

Twenty-six varieties of groundnut belonging to different botanical groups i.e., spanish-J 1!, 

GUAG I, GG 2, TMV 2, TMV 7, TMV 12, Co I, DH 3-30, KRG l,JL24,Jyoti, CGC3,and Ah 

7223 (13); valencia-Gangapuri and M H 2(2); virginia-BG 1, TMV 10, Rubut 33-1 (Kadiri 3), 

C 501, and RSB 87(5); virginia runner-GUAG 10, GG 11, S 230, PG I, M 13, and RS 1(6) were 

tested for thir capacity to support aflatoxin production. Seed samples (100 g) of each variety 

were surface sterilized, inoculated with N R RL 3000, and incubated at 26± 1C under laboratory 

conditions for 8days. Where the growth of the fungus over the seeds was observed to be sparse, 

seeds were surface scarified and reinoculated. After incubation samples were analyzed for 

aflatoxin content. 
All the cultivars including those resistant to A. flavus colonization of seeds were found to 

support aflatoxin production (Ghewande et al. 1986). However, genotypic differences were 

observed for aflatoxin production. Aflatoxin B, and G, were produced in all the varieties tested. 

The aflatoxin production ranged from 1308 to 92541 pg kg-'. Minimum production of 

aflatoxin below 2000 pg kg-I was supported by RSB 87, TMV 12, TMV 7,S 230, and KRG Iand 

the maximum by BG I followed by JL 24, and GG 2. Gangapuri, TMV 10, Robut 33-1 (Kadiri 

3), GUAG I, PG I, RS 1,and Ah 7223 supported the production of all fourcomponents(B,. G1, 

B,, and G,) of aflatoxin. It has been reported that different varieties of groundnut differ in their 

ability to support aflatoxin production (Rao and Tulpule 1967, Doupnik 1969, Mehan and 

McDonald 1980, Mehan et al. 1986). 

Wild Arachis species 

Seed samples of wild A rachis species i.e., A. cardenasii, A. duranensis, A. monticola, A. pusilla, 

and A. stenospertna were inoculated with A. flavus (NRRL 3000) and samples analyzed for 

aflatoxin content after incubation. 
The aflatoxin content in wild Arachis species ranged from traces to 24 500 pg kg-' (Table 4). 

A. cardcenasii and A. dhuranensis, which supported aflatoxin production in traces were also 

found to be resistant to A..flavus colonization. 

Chemical Composition of Seeds and Aflatoxin Contamination 

were made between varieties for aflatoxin contamination andSome preliminary comparisons 
such characters as polyphenol content and protein content of seeds. There were indications that 

some varieties with high polyphenol and low protein contents had less aflatoxin contamination 
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Table 4. Aflatoxin content in wild Arachis species, National Research Centre for Groundnut, Gujarat,
India, 1985/86. 

Allatoxin content (pg kg-1)
 
. trachis species 
 B1, Total 
,.Irachi 'ardenasii FrIces "Traces.ra'hi. dlranonsh Traces Traces,rachi monficoh, 12 000 
.Arachispusi/lh 12400

20 000 4500 24500.'ra'h/,, . 't hlto.)t'ria 18 000 5250 23 250 

of seeds than others that had low polyphenol and high protein contents. However, furtherinvestigations are needed before definite conclusions can be made. 

Prevention of A. flavus Infection and Aflatoxin Contamination of
Groundnut Seeds by Application of Organic and Inorganic Substances
 

Seeds of cultivars .1II and JL 24 were treated with various organic and inorganic substances(rock salt, sodium chloride, propionic acid, asafoetida, turmeric powder, and extracts fromseveral plants), then inoculated with a spore susper.sion of the toxigenic A..flav'ts isolate NRRL3000 and incubated under conditions conducive to fungal invasion and aflatoxin production.Some substances inhibited fungal colonization and /or aflatoxin production. Further investigations would be required to confirm results and examine practical possibilities for use in
preventing aflatoxin contamination. 

Aflatoxin Contamination at Lifting and during Windrow Drying 

The two varieties 1 II and Ah 7223 previously reported to have seed resistance to infection by.A.faus'S had lower levels of seed infection by A.fiavus than had the two susceptible varieties JL24 and GAUG I both at lifting and after 3 days of windrow drying (Table 5). 

Table 5. Seed infection by Aspergillusflavusand aflatoxin contamination of groundnuts at harvest andafter 3 days of windrow drying, National Research Centre for Groundnut, Gujarat, India, rainy seasons
 
1985 and 1986.
 

At harvest After 3 days of windrow drying 
Seed Aflatoxin Seed Aflatoxin

infection content infection contentCultivar (%) (pg kg-) (N) (mg kg-1)
J I1 0.1 29.5 2.4 '1raceAh 7223 1.6 34.0 0.6 19.5JI. 24 6.1 45.4 8.9 26.9GUAG I 3.2 43.8 2.9 28.0 
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Discussion 

What was the objective of making crosses only with J I1. How can you claim that the 

toxin was reduced in windrow drying? 
S. Nahdi. 

P.S. Reddy. We used .1I1 as a source of resistance to A.flavus in our breeding program. We 

have also established its resistance. It is only the buildup of the toxin in the windrows which was 

investigated. 
J.l. Pitt. The loss of aflatoxin during sun drying is apparent rather than real and isdue merely 

to sample variation. 
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Aflatoxin Contamination of Groundnuts with Special

Reference to Sudan and some Caribbean Countries
 

B. Singh', A.S. Khalid 2, B. Magboul 2, B.O. Okezie 3, 
J.C. Anderson 3, G.C. Wheelock 4, H. Jones4, and V. Caples 5 

Abstract 

Based on analyses using the Velasco and the Tropical Development Research Institute (TDRI)
inethods. none ofthe samples collected fron larmhouseholds in two regions ofSudan; a rain fed 
area (1l Obeid). and an irrigated area ( Wad Medani)for the crop tear 198384, contained more
than 15ug kg Iofallatoxin. However. samples collected from the markets in Khartoum and Wad 
Medani contained allatoxin up to 945pqg kg-: in rat groundnuts,up to 517pug kg-' in roasted 
peanuts, and up to 994 pg kjg in groundnut paste. Groundnut paste preparedafter a careful 
sorting and cleaning had onv 19,pg allatoxin k,-'. 

Analses of 145 sam ples in Jamaicaand St. Vincent in 1984 indicated only eight samples
containing more than 20 pg kg-' of allatoxins. Roasted peanuts and peanut butter samples
collected fron narkets in .lamaicaand Trinidad did not contain detectable anounts ofaflatox
ins. However,groundnut products collected from St. Vincent had very high levels ofallatoxins 
varying trom I to 469,g kg'. 

Risum 

Contamination des arachides par les aflatoxines au Soudan et dans les pays des Caraibes : Les 
analyses lindces sur les minthodes de Velasco et du Tropical Development Research Institute 
(TDR I)ont montre que la teneur en allatoxitenedipassepas 15/.gkg-'pour-s6chantillonsde 
la campagne agricole 1983-1984pr-levvs au niveau de ]a ferme dans deux rgions au Soudan :une 
regionpluviale (El Obeid) et une rcbion irrigu~e( Wad Mkdani). Cependant.dans les cchantillons 
prOlevvs sur les marches de Khartoun e de Wad Adani, on trouve de I lIatoxine dans les 
arachidescrues (945pg kg '), leIs arachidesgrilles(517,gkg-I) etIa pIted'irachide(994 pg kg-).
l.a pite preparte a)partir d arachides bien tribes et nettovbes ne contient que 19 pg kg-'
d athlatoxirws. En 19S4. parmi les 145 echantillonsprovenant de Ia .Iamai'que et de St. Vincent. 
settlement 8 cchantillons out une teneur en altato.vinessuperieure A2 0,ug kg-'. Les 6chantillons 
d ,rachides grilkes et de heurre d arachidecollects sur les march6sen Jamai'que et au Trinidad 
n ont pas une teneur dctectable. Cependant, les produits h base d 'arachideprovenant de St. 
Vincent prsentent pariois des taux tris Hercs allant jusqu*h469 pg kg-'. 

1.Irofessor and Peanut CRSI'Coordinator. Food Science Department, Alabama A&M Lniversity; 2. Scientists, Food Research
Centie, Khartoum. Sudan; 3. Professor, and Associate Piofessor. Food Science Department, Alabama A&M University;4. Professor
and Associate Professor, Department of Agribusiness, Alabama A& M University; and 5. Professor, Homne Economics Department,
Alabama A&M University, PO [ox 274, Normal, AL 35762. USA. 

Citation: ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1989. Aflatoxin Contamination ofGroundnut:
Proceedings of the International Workshop, 6-9 Oct 1987, ICRISAT Center, India. Patancheru, A.P. 502324, India: ICRISAT. 
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Resdmene 

La contaminacion con aflatoxinas del cacahuate en Sudin y algunos paises del Caribe : Los 
antilisisrealizados con los metodos de Velasco v del Institutode Investigaciones para e/Desar
rollo Tropical (Tropical Development Research Institute, TDRI). en muestras recolectadas en 
predios rurales de dos regiones del Sud.in. una de secano (El Obeid),y la otra de riegg (Wad
Aledani). de materialesde la cosecha del ciclo 19S.? 84, indicaron que ninguna de las muestras 
contenia re~isde 15pg kg 'de altatoxinas.Sin emhargo, muestrasrecolectadas en los mercadosde 
Khartoum de Wad Aedani contenianhasta 94 5pg A' en cacahuatescrudos, hasta 517Zg kg-'t 
en cacahuates tostados: v hasta -
994 g kg'' en torta d cacaluate. La torta de cacahuate 
preparada despu s de una cuidadosa selecciin "i contenia 19dcpiraciinde los granossolamei,

-pg kg de alaroxinas. Anlisis reali, ados en 145 muestras. en Jamaica v San Vicente. durante 
1984,indic:-ron que so/amente ocho de las muestras contenian nuis de 2 0,ug kg-' de aflatoxinas. 
AMuestras de cacahuate tostadoy de mantequillade cacahuate. recolectadas en los nercadosde 
Jamaica y Trinidad no contenian cantidades detectables de a/latoxinas.Sinembargo, los produc
tos derivados de cacahuate reco,ectados en San Vicente tenian niveles muyelevados de aflatoxi
nas. que variaron desde Ia 469pg kg-'. 

Introduction 

Since the discovery of aflatoxin in 1961, much progress has been made in research on under
standing its toxicological impacts and on developing methods for its detection and prevention
(Rodricks 1976, Rodricks and Stoloff 1976, FAO 1979). In developing countries, most of the 
research has been oriented towards enhancing or maintaining export markets. Aflatoxin 
contamination within the stored commodity is a more fiequent problem than contamination 
detected at harvest (Nwokolo and Okonkwo 1978, Hendrickse et al. 1982). It is also in these 
regions that the existing gap between supply and demand forces people and animals to consume 
what they might otherwise reject, even when it is infected with fungi and is aesthetically and 
organoleptically unacceptable (FAO 1977). Many people in the developing world are under
nourished and may thus be more susceptible to the toxic effects of mycotoxins. The bulk of the 
population in major groundnut-producing countries isexposed to the toxic effects ofaflatoxins. 
Aflatoxins were detected in 23" of the serum samples of 252 Sudanese children (Hendrickse et 
al. 1982). Aflatoxins were detected more" often, and at higher concentrations in serum from 
children with kwashiorkor disease than in other malnourished groups (marasmus) and control 
groups (normal children). 

Based on opinion surveys of scientists from groundnut-producing countries, the Peanut 
Collaborative Research Support Program (CRSP) recognized aflatoxin contamination as one 
of the 13 major constraints to world groundnut production and utilization (Cummins and 
Jackson 1982). Aflatoxin research was included as one of the objectives in food technology
projects in semi-arid tropical (SAT) regions of Africa and in the Caribbean nations. Results 
presented in this paper are based on consumption and postharvest surveys in the Sudan and 
Caribbean countries. 

Aflatoxin Contamination of Groundnuts in Sudan 

In 1984, a postharvest survey was conducted in groundnut-growing areas of the Sudan to
evaluate farmers' stock groundnuts for aflatoxin contamination. The survey plan, described 
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elsewhere (Singh 1983), included 100 farm families from four villages (Omonainad, Gehbat, El 

Hamdi, and Mabag) near El Obeid and another 100 families from three villages near Wad 

Medani (Mobi, El Bastantana, and Krciba), and -o blocks in the Rahad Scheme area. The El 

Medani and the Rahad Scheme areas are irrigated. In bothObeid area is rainfed while Wad 
areas, farm size ranged from 0.2 to 4.04 ha with a mean ofabout 1.22 ha. Thc average quantity of 

groundnuts stored for food consumption was about 45 kg and this stock may include ground

nuts gleaned after harvest (Singh 1984). 
The size of samples collected was inadequate to complete the desired analyses. Therefore, 

from each village. Aflatoxinsamples from each of the sites were pooled to form 5 samples 

determinations were made by the Velasco metlhod (Anon 198 I). 1hill layer chromatography was 

used to test the accurac:' of thc Velasco method. Results of analyses are presented in Table 1.The 

data indicate the presence of allatoxins in all sampi,,:s, however, 75% of samples contained less 

than 20 mg kg-' allatoxins. Samples from irrigated areas contained relatively higher amounts of 

allatoxin G. 
The samples collected from the markets in Khartoum and Wad Medani contained up to 994 

pg kg-1 of aflatoxins. Table 2 presents the data on raw, roasted, and groundnut paste samples 

collected during 1983 and 1984. Samples of groundnuts and groundnut prod ucts contained very 

high levels ofaflatoxins. In general, allatoxin 13,was more prevalent than allatoxins 1,,G1 ,and 
(i,. 

Fhe most commonly utilized form of groundnut in the Sudan is roasted groundnuts followed 

by groundnut paste (Singh 1984), and both as sold in the market place were highly contaminated 

with alqatoxins (Table 2). 
One of the possible sources of contamination is the use of groundnut!: gleaned after the main 

harvest, a common practice in the Sudan. The gleaned groundnuts are consumed by the farm 

families and Lire also sold in the markets. If the contaminated groundnuts were visually sorted, 

contamination levels could be reduced. The groundnut paste produced in the presence of 

scientists from Alabama A&M University (in which the nuts were carefully sorted and then 

processed) had much lower amounts of aflatoxins than the commonly sold groundnut pastes 

1983/84."l'le 1. Aflatoxin content of groundnut samples' collected in the Sudan, crop season 


Alatoxin content (jg kg-1)
 

13t 13 G, TotalVillages 

FI Obeid area (rainfed)
 
4.7±1.792 2.23±1.52 2.5±1.19 2.62.09 12.1±6.45
()monainad 

1:1llarudi 2.3±0.96 3.9 ±2.69 3.5±0.76 3.1, 1.02 12.8±4.12 

(iehlbat 2.0±t0.80 1.2 ±0.52 2.7±0.80 2.3±0.90 8.2±2.81 

Miibag 2.7±1.73 2.0 ±1.11 2.6±2.28 2.7± 1.95 10.0±6.96 

Wad Mcdani area (irrigated)
 
Mobi 2.7t).54 1.1 ±0.58 6.4±1.12 0.2t0.04 10.2-1.94
 

2.4±1.04 2.5 ±0.97 6.2±3.32 1.9±1.23 13.0±2.12
Il Bastantanlt 
Kreiha 4.3t2.40 4.3 ±2.94 10.4±3.16 2.7±0.60 21.7±7.72 

Rahad Scheme area
 
Village 40 4.6±0.67 3.6 ±0.87 12.8±3.04 1,1±0.72 22.1±4.41
 

A~cr~igc ii 5 samrples 
2 -"alue'are landird errors 
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Table 2. Aflatoxin contamination of groundnuts collected in Sudanese markets, 1983 and 1984.1 

Allaloxin content (pg kg-')Form City Year l3 B, Gi(,I Total
Raw Khartoum 1983 608 102 58 101 869Raw Wad Medani 1983 714 98 69Roasted 64 945Khartoum 1983 299 42 20Roasted 33 394Wad Medani 1983 406 49 34 28Paste 517Khartoum 1983 666 198 64Paste 66 994Wad Mcdani 1983 514 201 39Paste2 34 788Khartoum) 1984 19 10 6 4 39 

1 i (,\lcof 3 determillna i composit . ple.
2't.c prtpaired ater tird gwtll ng land cic ol ,arnples. 

(Table 2). However, the discarded groundnuts may be quickly eaten by pigeors which ifcons-:ned by humans could present an additional source of aflatoxins.Aflatoxin contamination in Sudanese food items including groundnuts has been recognized(FA.O 1979). A study conducted by the Liverpool School of Tropical Medicine, UK indicatedthat groundnuts contained aflatoxins B: up to a level of 59666 pg kg-', Bto 370 pgkg-',and G,to 23 ug kg-,. Peanut butter contained allatoxin 31 at up to 26300 pg kg-, G, to 84 500 pg kg-t
and B to 9720 pg kg-' (Hendrickse et al. 1982). Clinical studies indicated that aflatoxins werecommonly detected in serum and ,rine samples of children with kwashiorkor. Aflatoxicol, aderivative of aflatoxin, was detected in the urine of children with kwashiorkor.This study indicates the urgency ofmonitoring and prevention ofaflatoxin, not only in Sudan
but in all SAT-African countries. 

Aflatoxin Contamination of Groundnuts in Caribbean Countries 
A postharvest survey was conducted in 1984 in St. Elizabeth Parish in Jamaica and in St. GeorgeParish in St. Vincent to identify groundnut production and postharvest practices that mightaffect seed quality (including incidences of mold and aflatoxin contamination). There were 107completed questionnaires from Jamaica, and 209 from St. Vincent.Groundnut samples were also collected for analysis ofaflatoxin. In Jamaica, the 107 farmerssurveyed produced an average of 932 kg ha-' of groundnuts, while the St. Vincent farmersproduced an average of 804 kg ha-'. On an average, 9 kg ofgroundnuts were harveste~d for foodby individual farmers in both countries (Singh 1985).Samples of farmers' groundnuts, 100 from Jamaica and 300 from St. Vinccnt, were analyzedfor aflatoxins and for the presence of A.flavus-group fungi on seeds at the mycotoxin laboratoryof the University of Georgia. ,L~jergillus.flavus was present in almost all seed samples. Whenaflatoxin determinzztions were made, 8 of 160 samples had aflatoxin contamination rangir,from 8 to 7 526 pg kg-' (Table 3). Four of the toxic samples were from the St. Elizabeth area ofJamaica and four from the growing areas adjacent to Kingstown, St. Vincent.Because of the very small number of toxic samples detected, tests of significance are handicapped. However, as a preliminary screening, T-tests were run for the two groups: detectable(n=8) and non-detectable (n=133). Several of the practices associated with positive and negative 
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Table 3. Aflatoxin contafi!nation of farmer's stock groundnut samples collected from St. Vincent and 

Janwica, West Indies, postliarvest survey, 1984.1 
-Aflatoxin content (mg kg ') 

Sample no.2 Source 13, 112 G G, Total 

2 St. Vincent 8 I .I < 8 

16 St. Vincent 578 248 1 K 826 

42 St. Vincent 698 168 I1 862 

15 St. Vincent 22 8 .. I < 30 

119 Jamaica 2742 793 .21 .' 3535 
386146 .amalica 320 66 1 

147 Jlamaica 1226 152 4522 626 7526 
158 Jamaica 38 32 - 1 I 70 

%% alll ill'¢r'sned.I I lie total'Inumblel "Ilsamples, anal ed %kas [601,only tihe8 tltdctectahle amllounkl oflallatoxi 

,
2 1oIich g Idlllhl III liile%'slock or Seetd.Inilphe iepiesen.tlI it 1 I hol lood 

aflatoxin detections are selected and presented in Table 4. in many instances, the more 

appropriate contingency tables of nonparametric dichotomous indications are also illustrated 

with their corrected chi-squared significance. Postharvest data were missing for four non

detectable cases. ['he practice of washing the nuts after harvest was less frequently performed 
than was washing by the producers with no detections (37.5% vs 50.8% difference not signifi

cant). Alternatively, ground nut producers whose produce was included in the aflatoxin-detected 

group were more frequcntly gleaning their fields for food use than producers whose groundnuts 

were determined to be free of aflatoxin by a comparison of 75% to -52'", butagain these 

comparisons are not significant. Reported losses were higher among the farmers with detectable 

aflatoxin conta ninat ion than those without (4 kg vs 1.8 kg). While these differences appear 

si/eable, they were again not significant at the ).05 level. Molds were observed as a food storage 

problem by two of the eight farmers who supplied samples detected to have aflatoxins. Only 

eight of the remaining 133 farmers with non-detectable aflatoxin contamination reported mold 

problems. The two samples suggested significance at the 0.043 level but the chi-square statistics 

was not significant. The T-test for molds as a seed storage problem was also significant at the 

0.037 level even though only one of the eight farmers reported the problem, but the chi-square 

statistics did not suggest significance ind were questionable because of the low numbers of 
observations of mold on seeds in either class. 

There appears to be an interaction between gleaning groundnuts from the field for food and 

the presence of mold that predicts with near certainty the detection ofaflatoxin. There was one 

such case each in Jamaica and St. Vincent, and both cases showed detectable aflatoxins. 
In St. Vincent, groundnuts grown after a sweet potato crop produced three of the four 

aflatoxin-posi! ye samples, while only 14% of the farmers with aflatoxin-free samples sowed 

groundnuts in the same field after sweet potato (Table 4). All aflatoxin-positive samples from St. 

Vincent were harvested in February compared to 41% of the aflatoxin-negative crops. The 

February-harvested crops in St. Vincent may have been drought stressed at a critical time 

leading to the formation of aflatoxins. In Jamaica three of the four positive samples were 

harvested in December. In spite of the small number of aflatoxin-positive samples, the cultural 

practices associated with the positive samples coupled with the time of harvest suggest that 

aflatoxin could be largely avoided by paying careful attention to cultural practices. 
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Table 4. Relationship of production and postharvest practices and problems to allatoxin incidence in 
groundnuts, St. Vincent and Jamaica, West Indies. 

Allatoxin positive Aflatoxin negativeSelected farm practices and related variables Mean (%) (n) Mean (%) (n)
Mold on food groundnut 25.0 (8) 6.0 (133)Mold on gleaned groundnut 25.0 (8) 1.5 (1.)Mold oil seed groundnut 12.5 (8) 1.5 (133)Sweet potato rotated 
St. Vincent 

37.5 (8) 7.5 (133) 
75.0 (4) 14.1 ( 64)Jamaica 
0 (4) 1.4 ( 69)Groundnut/ nia ize intercrop 


Groundnut/maize intercrop, gleaned 
75.0 (8) 45.1 (133)
 

Aflatoxin-prone, 
62.5 (8) 24.8 (133)
HMI 87.5 (8) 31.6St. Vincent (Feb) (133)

100.0 (4) 40.6 ( 64)Jamaica (DcC) 
75.0 (4) 23.2Gleaned groundnut, HM, prone ( 69)
62.5 (8) 15.8 (133)HM, prone, sweet potato rotated 37.5 (8) 2.3St. Vincent (133) 

HM, 75.0 (4) 4.7 ( 64)prone, maize intercrop 75.0 (8) 9.0 (133)St. Vincent (Feb) 

Jamaica (Dec) 

75.0 (4) 10.9 ( 64)

75.0 (4) 7.2 ( 69)Gleaned HM, maize intercrop 62.5
Washed groundnut at harvest 

(8) 3.8 (133)
 
Washed groundnut sweet potato rotated 

37.5 (8) 50.8 (130)

.25.0 (8) 3.8 (130)Washed, HM, sweet potato rotated 25.0 (8) 0.8St. Vincent (130)
50.0 (4) 1.6Washed, HtM, maize intercrop ( 61)
25.0 (8) 1.5 (130)St. Vincent 
50.0 (4) 3.3Food store loss (Ibs) ( 61)
8.8 (8) 3.9 (133)Acres Ist crop groundnut 1.88 (8) 1.37 (133)Acres 2nd crop groundnut 0.59 (8) 1.17 (133)Acres 3rd crop groundnut 0.09 (8) 0.71 (133)

t. tIm indicates the harvest month of t)ecember in Jamaica; February in St. Vincent which were identified with positive detections ofa flatlo.in s, 

Aflatoxin Contamination of Groundnut and Groundnut Products from the 
Market 

Table 5 includes data on aflatoxin levels in nine groundnut products collected from St. Vincentin 1984. The amount of aflatoxin ranged from I to 469 pg kg-t; 2 had less than 20 pg kg-t, I had97 pg kg-t, and 3 had 266 to 469 pg kg-t. The results for samples collected during 1985/86 arepresented in Table 6. Apparently, none of the products had more than 20 pg kg-t of aflatoxin.Only three products from Jamaica had 13 to 19 pg kg-t ofaflatoxin. Most of the rawgroundnutswere from the Caribbean Agricultural Research and Development Institute (CARDI) experimental plots; the sources of the groundnuts used in preparation of the various products were notknown. It isevident from these data that aflatoxin contamination in groundnut and its products 
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is common, and there is a need for further research to monitor and manage the aflatoxin 
problem. 

Under th' Caribbean Peanut-CRSP project, researchers at the University of Florida have 
carried out research to decontaminate groundnuts using microwave energy and chlorine gas. 
Results indicate that microwave roasting reduces aflatoxin B, and G, contamination to a 

Table 5. Aflatoxin contamination of groundnut products, St. Vincent, West Indies, 1984. 

Aflatoxin content (mig kg-1) 

Product types' B, B, G, G, Total 

Roasted (salted) 63 34 <I <I 97 
Roasted (tops special) 2 <1 <1 <1 10 
Roasted (unsalted) 211 55 <1 <1 266 
Roasted (salted) 8 <I <1 <1 9 
Peanut butter (crunchy) I <1 <1 <1 <1 
Peanut butter (no added oil) 392 77 <1 <1 469 
Peanut butter (2% added oil) 376 74 <1 <1 450 
Peanut (partially processed) <I <1 <I <1 <I 
Peanut bar (honey preserved) < I <1 <1 <I <I 

I Brand names of the products omitted forconfidentiality. 

Table 6. Contamination measured by the Velasco aflatoxin meter method in groundnuts and groundnut 
products collected in the Caribbean, 1985/86. 

Aflatoxin content 
Varieties as known T"'pe material or product Source code' (Mg kg-i) 

Valencia Raw <1 <1 
NC 17921 Raw <1 <1 
M H 383 Raw <1 <1 
NC 4 Raw <1 <1 
Florigiant Raw <1 <1 
NC 2 Raw <1 <1 
NC 5 Raw <1 <i 
NC 17 Raw <1 <1 
Valencia Raw <1 19 
Valencia (I) Roasted, in poly bags <1 13 
Valencia (2) Roasted, in poly bags <1 <1 
Undesignated Roasted, in recycled bottles 32 <1 
Undesignated Peanut butter, in glass 2 <1 
Undesignated Peanut butter, in glass 2 <1 
Undesignated Peanut butter, in plastic <1 <1 
Undesignated Peanut butter, in glass I <1 
Undesignated Peanut butter, in glass I <1 
Undesignated Peanut butter bar, in foil <1 <1 

.amaica,.source codes; I J 2 1rinidad, and 3 = St. Vincent above (2) notes product from St. Vincent. 
2. Product from St. Vincent collected in trinidad. 
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significant degree. In naturally contaminated groundnuts, both oven and microwave roasting
were equally effective in destroying 48 to 61% of aflatoxin B, and 32 to 40% of aflatoxin G,(Pluyer et al. 1987). A time-course study of chlorine gas treatment (I I mg aflatoxin B, with 4 mLchlorine gas) showed that 60 to 75% of aflatoxin B,was destroyed within 10 min of exposure 
(Sen et al. 1987). 

Conclusion 

Aflatoxin contamination in SAT-African and Caribbean countries is very common. It isimportant to note that aflatoxin levels in groundnut products are potentially very high and, inmost instances, little effort has been directed to avoiding contaminated products. Efforts todecontaminate groundnuts have concentrated on export materials. The population, in general,is left with little choice but to consume contaminated products. Cultural practices and socioeconomic considerations are important in planning interventions and research to avoid or eliminate
aflatoxin contamination in food products consumed by the populations of groundnut
producing countries. Considering the urgency of the problem and the potential health hazard tothe most vulnerable groups in developing countries, more emphasis should be given to monitor
ing and managing the aflatoxin contamination of groundnuts during posiharvest handling,
storage, processing, and preparation. 

Acknowledgment 

This research is supported by Peanut Collaborative Research Support Program, USAID Grant 
no. DAN-4048-G-SS-2065-00. 

References 

Anon. 1981. Velasco Flurotoxin meter. Instruction Manual Pacific Scientific Gardner/.eotec Instrument Division. 
Silverspring, Maryland, USA. 
Bay,,n, I.. 1977. Trade and Fcononic aspects of mycotuxins. Document MYC-4C. Pages 141-165 in Perspective onmvcotoxins: selected documents of the Joint FAO/ WHO/UtNF:P. Conference on Mycotoxins, 19-27 Sep 1977, Nairobi,Kenya. FA) Food and Nutrition Paper no.13. Rome, Italy: Food and Agriculture Organization. 
Cummins ).G. and Jackson, C.R. 1982. World peanut production and research institutions, personnel, and programs,
Pages 1-105 in Peanut Production, I tili
ation and Research (Cunimnins, t).G. and Jackson, C.R. eds.) Special Bulletin
 
no. 16. University of (icorgia. Athens, GA, tISA.
 
tlendrickse, R.G., (oulter, J.iB.S., Lamplugh, S.M., MacFarlane, S.B.J., Williams, T.E., Omer, M.I.A., and Suliman,G.I. 1982. Aflatoxins and kwashiorkor: A study in Sudanese children. British Medical .lournal 285:843-846. 
FAO (Food and Agriculture Organi/ation). 1979. Perspective on mycotoxins: selected documents of the Joint FAO/WHO/ IINEP Conference on Mycotoxins, 19-27 Sep 1977, Nairobi, Kenya. FAO Food and Nutrition Paper no.13.
Rome, Italy: Food and Agriculture Organization. 165 pp. 
Nwokolo, C.W., and Okonkwo, P. 1978. Aflatoxin load of common food in savannah and forest regions of Nigeria.
Transactions of the Royal Society of Tropical Medicine and Hygiene 72:329-332. 
Pluyer, H.R., Athmed, E.M., and Wei, C.I. 1987. Destruction ofaflatoxins inpeanuts by oven-and microwave roasting.
Journal of Food Protection, 50:504-508. 

252 



Rodricks, J.V. and Stoloff, L. 1976. Aflatoxin residues from contaminated feed iii edible tissues of food producing 
animals. Pages 67-79 in Mycotoxins in human and animal health (Rodrics, J.V., Hesseltine, V.W., and Mehlman, 
M.A.,eds.). Park Forest South, Illinois, USA: Pathotox Publishers. 

Rodricks,J.V. 1976. Mycotoxins and other fungal-related food problems. Advances in Chemistry series 149. American 
Chemical Society, Washington, D.C., USA. 

Sen, A.C., Fernando, S.Y., Ahmed, E.M .,and Wei, C.I. 1987. Toxicologist 7:218. 

Singh, B. 1983. An interdisciplinai v approach to optimum food utility of the peanut in SAT Africa. Pages 71-82 in 

Annual Report of the Peanut Collaborative Research Support Program (CRSP). Peanut CRSP. Athens, Georgia, 
USA: University of Georgia, Agricultural Experiment Station. 

Singh, B. 1984. An interdisciplinary approach to optimum food utility of the peanut in SAT Africa. Pages 132-149 in 
Annual Report of the Peanut Collaborative Research Support Program (CRSP). Peanut CRSP. Athens, Georgia, 
USA: University of Georgia Agricultural :xperiment Station. 

Singh, B. 1986. Peanut utilization in food systems in developing countries. Pages 336-347 in Annual Report of the 
Peanut Collaborative Research Support Program (CRSP). Athens, Georgia, USA: University of Georgia Agricultural 
L-xperitent Station. 

Singh, B., Anderson, J.C., Wheelock, G.C., Caples, V., and Rao, D.R. 1986. A survey on consumption of peanuts in 

Sudan. Pages 7-8 ill Proceedings of the Workshop on Storage, Utilization and Nutritional Aspects of Grain Legumes 

and Grains (Cummins. I).G. cd.). Publication no. 39. Athens, Georgia, USA: University of Georgia Agricultural 
ixperiment Station. 

Discussion 

N.E. Ahmed. Low levels of aflatoxin in groundnuts tested immediately after harvest are 
probably due to infestation with insects, because most sound groundnuts from sound pods are 
free of aflatoxin at this stage? Did you trace the sources ofgroundnuts used in paste production? 
Groundnuts are always segregated, good material going for export, and small, discolored, 
blemished seeds for local production of paste and roasted groundnuts. 
B. Singh. We did not test the groundnuts used for making paste, and we did not know their 
source. But the material definitely included rejects, gleaned, and contaminated nuts. In addition, 
A. flavzus could grow on paste exposed in pans in the market place. 
I.A. Rana. Some breeders insist that the developing countries should first concentrate on 
increasing production of more food commodities such as groundnut, and bother about aflatox
ins, allergic proteins, etc., only at a later stage. Should we ignore the quality aspect for the time 
being? 
B. Singh. No, we should not ignore the quality aspects of groundnut. Breeders should be aware 
of the needs of consumers. Quality tests such as that for aflatoxin contamination should be a 
vital part of groundnut evaluation, along with yield and production aspects. I may not recom
mend inclusion of testing for allergens, but aflatoxin, flavor, size, and acceptability should 
always be taken into account. 
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Aspergillus flavus Colonization and Aflatoxin
 
Contamination of Groundnut in Sudan
 

N.E. Ahmed', Y.M.E. Younis2, and K.M. Malik2 

Abstract 

The efts ofirrigationregimes and date ofharvesting on preharvest infection by Aspergillus 
flavis and a/lato.'incontamination ofseed offurconmercialand two othergroundnut cultivars 
were studied. Groundnuts watered at /-, 2-. and 3-week intervals and harvested at the normal 
time, and at / week helrc, and I teek after this time were frce from A. flavus colonization and 
allatoxin contamination. Aspergillus flavus colonized a low percentage (2. 7-7 () ofgroundnuts 
lelf in the soil lor 6 weeksafter harvest. However no alato.in contamination wasdetected. Wilt 
diseases and insect damage, mainly whitegi uhsand termites, predisposed seeds topreharvest 
A. 11ivus infection (56.4-69.8t7) and allatoxincontamination (18-21 pg kg-1). Groundnuts stored 
/Or 3 months in a well-ventilated roomt with an average temperature of 15(C were colonized at a 
lowt level hut with no altatoxincontamination. Infection increased with time in storage. Ground
nuts harvested I tieek belite maturity wiere most aflected by A. flavus infetion of seeds in 
storage, but there wiere no dillrences bet ween genotypes. Groundnuts stacked in sacks at shelling 
sitcs were sampled,4(7 rere containinated, with an average a/lhtox.in content of IIpg kg-'. Those 
sanpledat oil mill sites were 15(7 contaminated with an average allatoxin content of20 pg kg-'. 
(;roundnutsleft in thesoillir2-.?weeks afterharvest in trials on the Gezira and Rahad irrigation 
schemes had 12(7/ ofsamplescontaminated. with an averageallatoxincontent of lOpg kg-'. This 
produce is usually allocated for local processing. 

Risumi 

Colonisation par Aspergillus flavus et contamination par les aflatoxines des arachides au 
Soudan: Les effets des rgins d'irrigation et de /a date de rccolte sur I'inl;tionparAspergillus 
flavus avant la r&olte et Ia contamination des graines par les aflatoxines ont &6 tudis chez 
quatrecultivars comnerciaux et denx autres cultivars d"drachide.Les arachides sont indemnes et 
non containnes lorsque les cultures sont irriguzes A I. 2 ou 3 setaines d'intervalle et que la 
rcolte a lieu ; Ia date normale ou bien une semaine avant ou aprs cette date. I/Y a une faible 
colonisation (2. 7-7(7) Itsqueles arachidessont laissesaux,chanpssix semainesapres la rccolte. 
sans. cependant.une contalinalionpar les aflatoxines. 

l.es maladies die /ktrissetnent ainsi qpe les dcgzits d 'insectes. en particulier les vers blancs et les 
termites, 1vorisent I'itkction des graines par A. flavus (56.4-69,8 , ) avant Ia r&olte et la 
contaminationpar/es allatoxines (18- 2 lg kg- 1). l.es arachidesstockes pendant trois mois dans 
un endroit hien aer or) /a eRper:?& movcnne est de 15"C, sont ltiblenentcolonises et sansrer 
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contamination.L infection est d'autantplus intenseque la durcdestockageest plus longue. Lesarachidesr~coltbesune semaineavant Ia maturationsont les plus infectespendantle stockage;iln ' a pasde diflfrence entrelesgenotypes.Les arachidesstockes en sacsaux sites de dccorticageont t analysdes:4o en ctaientcontamines avec une teneurmovennedesaflatoxinesde I lgkg - . Les chantillonsprlevcds dansles huileriesprbsentent un niveau de contaminationde 1596avec une teneurmoyenne en aitatoxinesde 20ug kg-'. 12t des echantillonsd'irachideslaiss~esau" champs pendant2-3 semaines aprisla rccolte des cultures exp6rimentalessurles p~rim&!resirrigu6sde Geziraet de Rahadont tt contaminsavec une teneurmovenne en a/latoxinede lO igkg - . Cette productionest normalenent destitue au traitement local. 

Restmene 

Colonizaci6n por Aspergillusflavusy contaminaci6n con aflatoxinas del cacahuate en el SudinElelcto de diferentes regimenesde riegoy fechas de cosecha,sobrela infeccitdnpor Aspergillusflavus en el periodoprecosecha ,la contaminaci6nde /as semillas con allatoxinas,se estudi6 encuatrocultivarescomercialesy dos no comerciales.Los cacahuatesregadosa intervalosde una,dos' tressemanas s cosechadosen la fecha normal,o unasemanaantesy unasemanadespu6s deesa fecha estabansanos ' libresdeA. flavus Vdecontaminaci6ncon aflatoxinas.La colonizaci6ncon Aspergillus flavus fue baja (2.7-71,) en cacahuate que permaneci6 dentro del suelo seissemanas despus de ht cosecha;en este caso, tampoco se detect6 contaminaci6ncon aflatoxinas.Las enfermedades que producen marchitamiento.y los dafios de insectos, principalmenteporlarvas de cole6pteros ' termitas. lavorecieron la infecciin precosecha del granoporA. flavus(56.4 a 69.8(7) yla contaminaci6ncon af7;toxinas(18 a 2/jgkg-I). Los cacahuatesalmacenadosdurantetresmeses en un local bien ventilado,con una temperaturade 15'C, fueron infectadosaun nivel bajoy no hubo contaminaci6ncon aflatoxinas. El gradode infrcci6n aumenta con eltiempo de almacenamiento.Los cacahuatescosechadosuna semana antes de su madurez comp/eta fueron los mils infectadospor A. flavus, entre las diversassemillas almacenadas,pero nohubo diferencia en este aspecto entre los diferentes genotipos estudiados.Los cacahuatesencostales apiladosen los logaresdeldescascaradose muestrearon vse analizaron,encontrindoseque el49 estabacontaminado v tenia un co,)tenidopromediode I / pg kg-1 de aflatoxinas. El 159de las muestrasrecolectadasen los sitios donde estabaninstaladoslos moinos acciterosestabacontaminadocon un promediode 20,pg kg-' de allatoxinas.Cuandoel cacahuatese dej6 sobrevlsuelo durante dos a tres semanas despuds de la cosecha, en los ensavos en lasireasde riegodeGelira .v Rahad, 1217 de las muestras recolectadasestaban infectadas v tenian un contenidopromedio de I) ig kg-. Esta producci6nnormalmentese destina a ser procesadalocalmente. 

Introduction 

Aflatoxin contamination of groundnut is a matter of worldwide concern. Research has shownthat toxin-producing strains of Aspergillusflavus Link ex. Fries can infect groundnuts andproduce aflatoxin before lifting, in the windrow after harvest, and in storage (Diener 1973).Several factors favor aflatoxin contamination of groundnut before lifting. These include damage by insects and mites, drought stress, irrigation practices, maturity at harvest, and climaticconditions (Diener 1965, Diener et al. 1965). Immature and overmature seeds are more susceptible to A. flavus infection than just mature seeds and aflatoxin contamination increases withdelay in harvesting (Dickens and Pattee 
1966, McDonald and Harkness 1967).
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In the Sudan, ./llavusis a common constituent of the soil microflora (Tarr 1955). lie fungus 

is associated with pre- and posternergence seedling diseases of groundnuts in rainfed areas 
(Clinton 1960). However. under irrigated conditions in the Gezira, attempts to isolate the fungus 
and,'or the toxin from freshly harvested, intact seeds were not successful (El Nur and Ibrahim 
1968, 1970). 

Groundnut is an important crop irthe Ge/ira and Rahad irrigation schemes where area 
allocated to growing the crop is 134.5 - 101 ha. The studies described here were undertaken at the 

Gezira Agricultural Research Station (GRS) to determine the effects of watering intervals, early, 

and delayed harvesting on natural contamination by the lungus and on aflatoxin production. 
Surveys were also conducted in tile (iezira and Rahad schemes to determine the level of 
aflatoxin contaminati,.., in irrigated groundnuts under standard field, storage, and processing 
conditions. 

Materials and Methods 

Experimental Trials 

Effect of watering intervals and harvesting date on seed colonization and aflatoxin contamination 

Field experiierits were conducted at (iRS during the 1984 85 and 1985186 cropping seasons. 

Four conrmercial groundnut varieties (Asifford, Nigerian MIH383, and 430B) were chosen for 

tle test on tie basis of their known high susceptibility to A. .hivus invasion. Two genotypes 

Farly hunch and VA 71-347) were included for comparison. All varieties and genotypes were 

grown according to standard practices ilr tile Sudan. Two niontlis after sowing they were 

subjected to different watering regimes, i.e., irrigation at intervals of I,2, and 3 weeks. Plants 

were har\ested I week belore maturity, at maturity. and I week after maturity. Treatments were 

arranged ina randorni/ed complete block design with four replicates. 
After harvest, the crop was dried in wind rows for 7 days and then in heaps for a further 3days 

with pods exposed to the air. The pods were then threshed, handshelled, and the seeds examined 
for .. lhvt. infection and aflatoxin contamination. 

Fungal infection was determined by sowing 50 surlface-disinfected seeds (treated for I riniin a 

(0.5('' aqueous solution of sodiurn hypochloritc) on potato dextrose agar. The plates were 

incubated at 30' C for 7 days, then cxamincd for growth of' A.fla'u.s from the seeds and the 

percentage ol infected seeds was recorded. Aflatoxin contariination was detected by the Velasco 

nniniicolurn imethod (as reported by Mehian and Mc)onald 1980) while for quantitative 
nieasurements, groundlnut seeds were extracted using the Best Food (BF) method and aflatoxin 
contents were estimated by high perforrnance liquid chromatography (HPI.C). 

Pods which were not lifted during harvest were left in the soil for 6 weeks, then dug and 
ari hled sepa rately. 

Effect of wilts and insect damage on A.flavus infection and aflatoxin contamination of seeds 

Plants wilt following damage by insects or pathogens: these plants were harvested separately, 
and tile causes of their wilt diagnosed. 

Effect of storage time on colonization and seed contamination 

GroundrlUts froi the three watering regimes and harvest dates treatments were handshelled, 
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placed in cloth bags, and stored for 3 months in well-ventilated stores at an average temperatureof 150C. Samples were examined every month for fungus infection and aflatoxin contaminationof seeds. t 

Pilot Survey
 

Effect of drying methods 
on natural contamination 
Five hundred samples of groundnut were collected over a period of7 weeks from the Gezira andRahad irrigation schemes. Samples were taken from the edges and middles of heaps ofunthrshed gronndinuts arranged by farmers in the traditional manner.
 
Effect of storage at shelling sites and in oil mills on 
aflatoxin contamination 
Two hundred samples of unshelled groundnuts were collectedsacks stacked at shelling sites in central 

over a period of 8 weeks fromSudan. Similarly,
period of 12 weeks fron 

120 samples were collected over aoil mills' stores situated near the shelling sites. 

Effect of delayed harvest on aflatoxin contamination 
Fifty samples of groundnuts left in the soil for 2 3 weeks after the normal harvest time werecollected from the Gezira and Rahad irrigation schemes. 

Results 
Freshly harvested groundnut seeds were not colonized by 4./lavuis and contained no aflatoxinirrespective of the irrigation regime used. Seed of all genotypes left in the soil for 6 weeks afterthe normal harvest time were coloni/ed by Al../avuvs (Table I). Colonization of immature seedswa,, significantly greater than that of' mature and overmatureobserved A.fla,uus colonization, seeds (P.- 0.05). Despite theno af/atoxin was detected in any treatment. 

Table 1. /fspergillusflawiu. colonization of gleaned groundnuts left in (he soil for 6 weeks after harvest,H|asaheesa, Wad edani, and Sinar, Sudan, cropping seasons 1984/85 and 1985/86. 

Average seed infection ((')
 
Genotype I week before 


maturivy I week afterAt inaturity maturityAshford 
7.3Nigerian 5.3 6.06.7M 1 383 5.9 5.36.0 4.7

430l 4.7 
6.0 4.0Early bunchVA 71-347 6.0 3.34.0 4.02.7 3.3SE 

±0.47 ±1.2 ±0.8 

5.3 
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Table 2. Effects of wilts and insect damage onAspergillusflavus infection and aflatoxin contamination of 

groundnuts, Hasaheesa, Wad Medani, and Sinir, Sudan, cropping seasons 1984/85 and 1985/86. 

Average seed infection (%) Aflatoxin content (pg kg-1) 

Wilted Insect-damaged Wilted Insect-damag. 

Genotype 84/85 85/86 84/85 85/86 84/85 85/86 84/85 85/86 

90 II 13 32 38Ashford 60 78 75 
Nigerian 45 58 58.5 65 8 19 29 24 

65 90 21 12 13 21
MH 383 42 73 

62 80 6 8 16 14,+30B 48 67 

Early bunch 48 65 83.5 87 9 14 11 19 
7 10
VA 71-347 36.5 57 47.2 35 5 8 


SE ±3.7 ±6.0 ±3.7 ±6.0 ±4.8 ±4.3 ±4.8 ±4.3 

Table 3. Aspeigillusfiavus infection of gleaned groundnuts stored for 1, 2, and 3 months, Hasaheesa, 

Wad Medani, and Sinar, Sudan, cropping seasons 1984/85 and 1985/86. 

Average seed infection (%) of plants harvested 

I week before maturity At maturity I week after maturity 

Genotype I 2 3 I 2 3 I 2 3 

Ashford 13 16 26 4 6 10 6 8 13 

Nigerian 
MH 383 

13 
16 

13 
17 

23 
20 

6 
4 

6 
4 

8 
8 

6 
4 

E 
6 

II 
8 

430B 12 18 23 3 6 10 4 6 15 

Early bunch 
VA 71-347 

10 
10 

15 
13 

21 
18 

4 
3 

3 
5 

10 
5 

4 
3 

8 
6 

12 
10 

SE ±0.8 ±0.9 ±1.7 ±1.0 ±0.4 ±0.8 ±0.46 ±0.6 ±0.8 

Table 4. Aflatoxin contents of groundnuts stores at shelling sites and in oil mills' stores, Hasaheesa, Wad 

Medani, and Sinar, Sudan, cropping seasons 1984/85 and 1985/86. 

Shelling sites Oil mills stores 

Sample Aflatoxin content Sample Aflatoxin content Sample Aflatoxin content 

number (pg kg-') number (pig kg-') number (pg kg-') 

1 5 I 15 10 II 

2 13 2 25 II 23 

3 4 3 32 12 14 

4 10 4 26 13 10 

5 15 5 24 14 10 
286 20 6 18 15 

7 12 7 14 16 8 

8 7 8 29 17 18 

9 27 18 12 
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Groundnut seeds from wilted and insect-damaged plants were colonized by A. jlavus andcontained appreciable amounts of allatoxin (Table 2).Seed colonization of groundnuts stored for 3 months was significant, and tended to increasewith storage time (Table 3). Differences in colonization between immature and mature seedswere more pronounced than differences between storage times. Immature seeds were moresusceptible to colonization than mature :nd overmature seeds. However, no aflatoxin wasdetected in seeds from any of the treatments.No aflatoxin was detected in any of the samples collected from groundnuts heaped in thetraditional manner. However, contamination was randomly distributed throughout sacksstored at the shelling sites. Of the 200 samples tested, only 4% were contaminated, with theaverage aflatoxin contents being I I jg kg-' seeds (Table 4).
Of the groundnuts stored in 
 the oil mills' stores 15% were contaminated; their averageaflatoxin content was 20 ug kg-' seeds (Table 4).Groundnuts left in the soil for 2-3 weeks after harvest showed 12% contamination and anaverage aflatoxin content of 10 pg kg-1 seeds. 

Discussion 

Irrespective of crop variety, the level of allatoxin contamination of groundnuts in the irrigatedschemes was below internationally acceptable levels and irrigation practices had no effect onpre- or postharvest -olonization and aflatoxin formation. Harvesting at maturity or one weeklater is a usefl way to reduce postharvest contamination.Contamination at the shelling sites and oil mills' stores could be attributed to farmers washingand improperly drying their produce before delivering it to these sites. Sacking groundnuts withhigh moisture contents isconducive to A.f/avus invasion and aflatoxin production in storage.Storage in dry, clean, and well-ventilated stores at temperatures of 15'C or less will reduceaflatoxin contamination. However, the findings that fungal colonization and toxin productionincrease with increase in storage time and are influenced by maturity stage at harvest have to betaken into consideration.
The high aflatoxin contents of roasted peanuts and peanut butter reported by Malik (1987),could be attributed to the fact that both are usually processed from groundnuts that remain inthe soil after harvest, or from insect-damaged and broken groundnuts. Thus, it becomes evidentthat aflatoxin contamination in the Sudan is solely due to man-made factors. Although theaflatoxin level is not serious, it could be eliminated if strict control measures, particularly in
drying, curing, and storage are implemented.
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Discussion 

K.J. Middleton. How did you determine the optimum maturity date? 

N.E. Ahmed. The optimum maturity date is determined by our breeders after examining the 

yields of sample plants. Usually farmers in the Sudan harvest their crops within a week of the 

optimum maturity date. 
T.O.M. Nakayama. You said that the peanut butter sold in local markets was not made by 

Sudanese people? 
N.E. Ahmed. No, it is made mainly by immigrants from Nigeria although some have been in 

Sudan for several generations. 
P. Subrahmanyam. The data you presented on aflatoxin contamination do not agree with the 

findings reported by l)r B. Singh which indicated that the aflatoxin levels exceeded 50 yg kg-'. 

You 	said that in the Sudan allatoxin is not a problem. 
refer to rainf'.d areas. All my studies were done on irrigated cropsN.E. Ahmed. I did not 

mainly in central Sudan. 
B. Singh. May Iadd that it is not really a contradiction. Ialso said that most of the groundnuts 

obtained directly from the farmers contain 15 ag aflatoxin kg- 1or less, but you can pick up from 

the market place samples of roasted peanuts and other products that contain very high levels of 

aflatoxin. I agree also, that our samples came from rainfed crop areas. 

J.A. 	Wightman. You mentioned insect damage leading to an increase in aflatoxin contamina

on this and tell us what kind of insects were causing thetion. I wonder if you could expand 
damage. 
N.E. Ahmed. The pests 	wc:'e mainly white grubs and termites. 

J.A. Wightman. Did you notice any increase in termite damage when you left the pods in the 

ground a little longer than usual'? 
N.E. Ahmed Yes. 
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Traditional Groundnut Storage and Aflatoxin Problems 
in C6te d'Ivoire: Ecological Approaches 

A. Pollet', C. Declert', W. Wiegandt 2, J. Harkema3 

and Els de Lisdonk3 

Abstract 

Groundnutstorageproblems were studiedin C6te d'voireduringtwo successivestorageperiods 
(1985/86 and 1986/87)and from three different aspects:insect pests;mold damage;andcontami
nation with aflatoxins. 

Samples were taken periodicallyfromitraditionalproducers'fields throughoutthe groundnut
growing areas of the survey and from town and villagemarkets. 

Generallv, locally storedsamples were a little less infested than samples taken from markets. 
With few exceptions,all the locally sampledmaterialwascontaminatedwith measurablelevels of 

allatoxin. Over the 2-year survey period, 7.9% of the 434 local stocks examined exceeded the 
toxicity level thresholdof250 ug kg-', with 4.4%Cabove I000,ugkg-'. It was alsofound that 739 of 
these samples were above the European Economic Community (EEC)safety level of lOpg kg-1. 

Significantcorrelationswere found between aflatoxincontaminationanddifferent storageand 

meteorological variables. These includedphysical characteristicsand age of the pods, and the 
influence of the prevailing atmosphericconditions. 

Risum6 

Stockage traditionnel d'arachides et problimes d'aflatoxines en C6te d'ivoire - approches ikco
logiques: Les problmes lies au stockage darachidesont 6t&6tudi~s en 6te d lvoirependant 

deux ptriodessuccessivesde stockage (1985-1986 et 1986-1987)du point de vue de troisaspects 

diffkrents : insectes nuisibles. dbgits dus aux moisissureset contaminationpar les aflatoxines. 

Des 6chantillons ont 6t prlev6s pfriodiquement des champs paysans dans les diffrentes 

r6gionsarachidi&resde l'enqute et surles marches des villes et villages. 
En gbnral,les 6chantillonsstockbs localementsont unpeu moins infectbsque ceux prlevbssur 

les marches. A part quelques exceptions, tous les 6chantillonsprbsentent des taux mesurables 
des 434 stocks locaux examin6s aud'aflatoxines. Cependant, le taux d'aflatoxinesdans 7,9( 


coursdela pbriodede 1etudedbpassele seuilde toxicit6 de 250pg kg-', et s '6lvem~me au-dessus
 

de 1000pg kg-' dans4,4! des 6chantillons.73% de ces 6chantillonsprsententdes taux supbrieurs
 

au niveau autoris6parIa CEEde lO/g kg-'.
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e nit'(l 'etlz., i alliah/i/c til'tt'( i tit'ij4|'drll'tlOl'estas liguta tacaraetcru~tit,a l)ites I e/,ticd!(Ic la.% linams asievino el eli.'eto do las condiejones 
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Introduction 

In West Africa. soil pest,, such as millipedes (Ra heJa 1975, Pollet 1985), coleoptera larvae(Wyniger 1962, 1fill 1983). termites (Feakin 1973. J.ohnson et al. 1981I). and storage pests causesignificant losses in yield and qualiy otfgroundnts produced by small farmers. I)amage may bedirect or indirect (Johnson et il.1981). direct damage being caused by termites and millipedespenetrating the pods and destro.ing the de\ cloping kernels or exposirig them to direct attack byother soil pests and by soil fungi and bacteria (Husnardo and Voller 1985). Indirect damageoccurs when termites or millipedes scarify or \wound the outer tissues of the pod but do notpenetrate to the kernels. Such damage renders tie pod.s.tsceptible to invasion by otliersoil pestsarid by such ftnigi as Illlarnm s,,pp. /hpu ln/,hAt'Ui~it. and .,f.vper,,ill. sVp (JIohison etal. 198 1). Insect-damaged pods are also structurally weakened and so are more liable to crushingduring posthlraest handling than ar icndamiaged pod',. DestrUCtion of pods in the soil reducesyields but has no frtther sigificacaice. I hise cr. pods that have been damaged by pests and soilfungi may be further coltni/ed by molds during postharvest drying in the field and duringstorage. This is otfparticular importance wher 
,'.vwrA'il/td/il/k , and A,.para..tiitv.t, 

the kernels are in\vadCd by toxigcnic strains of
and the role of soil fauria ir the development ofalatoxincon tamrinat ion in groundutits has been indicated by several workers (Wogan 1968. Widstrom1979, l)iener et al. 1963, McIDonald and Ilarkness 1965, Fennell et al. 1975).Crop production and prod Lice-handli ig practices, particularly storage methods, are of' 
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obvious ihportaice iIIrelalion IoaflaIloxhil ciritairririlloni(ii, anid these interact with pest damage 
and climatic factors ill determining tile severity of the allatoxin problem. I he naior objective of 
the research described inIhis paper was to elucidate suich interactions and t(isee ifthere were 
signihi ni co)rre¢latins b0ween;aflaIox in contaiIInation Ievels in groundnuts and nieteorologi-
Cal Ipa ar eters. 

The C(Mte d'voire Climate 

[he (The¢ divoire Issituated oilhile (itill of (uinea on the Atlantic coast of' Africa (Fig. I). 
Rainfall is relatively high th1r(oughou(li he Vear. and mieall temperatures are in tIhe range of"20 to 
23"C. In tlhe south there is rain folest, thell IMo ing noIlhwards there is a forest-savanna llosaic 
belt, and ftllher nolh lre (iGinea S i\iilill arid Southern Sudan Savanna /ones.
 

In the raill forest /olle raill orcir.r e\¢ry month ( .60ni) but although there is no marked dry
 
season, there i
aet\opciods of hcavy raiulall \%,ilh iliterelliig periods oil reduced rainfall. Thus,
 
in the Abidian area there is a log ,aiy season (April-,lirlf) a short 'dry' season (.July), a short
 
raity seaso SadrY (October-March).
(Augusl-.Septeurhie), and a long sonisnrn 

Ill thle Savanna /oies.illtielinorth of the country (erkessedotigou Odinnie, Ilouna, etc.) tile, 
dry season is long and lore seve1, stretching front October to .lule. Ile rainy season is from 
.111N' to September. Rainfall is less predictable thal in tle solthern /ones and Iay occasi()nally 
be insufficielt f(or thle groundnut crop. 

Groundnut Cropping Seasons, Production, and Storage 

[here are no accurate data fol total annmual groundnut production in ('ite dlvoire, but this is 
estimated to be in the region of 100 000 tof dried pods. ( rotindntits are grown by smallholders 
whose farnis are of approxinmately 0.8 ha. Ihtey generally follow traditional cropping practices 
and obtain yields of 800 t 9)) kg dried pods h i (PIolct 1982a, 1985). 

As temperatures are rclatieley stable thriughoul the year, rainfall is the critical factor in 
determining when grloiudIuts are grVown. IiI the southern and central regions of tile country 
groundius can be grown in botth raminy seasons, sowing Following the first rains; and harvesting 
and d ry rig beiing carried out in the subsequent dry seasons. In the north, where the bulk of the 
groundiit crop is growkn, only one cop is possible without irrigation. 

In central ('7ie dlufirC at such places as fhluakc, Hirndouku. and Ioualle, groundnuts are 
usually so\n in March orI April inthe first rainy'scason, the secon(l rainy seasoni being reserved 
for such major crops its cotton and rice. I larvcsting takes place in liune towards tile end of the 
first rainy season. I Iris leaves time to prcpare tileground f'r sowing the second rainy-season 
crop, but it is often difficult to dry the groundnut pods thoroughly. 

Il the north the groutdiut criip is sown iii July August at the beginning of the rainy season 
and it is harvested 3 4 riortlhs later (depending uponr \ariety (uration) in the dry season, Drying 
Ire pro(duce is more rapid and satisfactory than in the central and southern regions. 

In tire main grunrrnttt-growing areas of the onrth larmers store tire produce intire traditional 
"sent(iufo" stores rnade from boulder clay, while inother areas, and particularly near large towns, 
groundnuts are stiored insacks. Other methods of* storage include keeping pods inearthernware 
pots, baskets, or barrels, or simply spreading them oi the floor. 
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igure 1. Groundnut-growing regions of ('6Ie d'lvoire showing administrative divisions, survey officersnetwork locations, and Adiopodotnmj Centre of la Cnmpagnie Ivoirienne des Textiles (CiI'T). 

Materials and Methods 

During tile 1985/86 and 1986/87 storage periods, pest damage, fungal infection, and aflatoxin 
levels in farmers' stored groundnuts were investigated. 

Meteorological data were recorded for the calendar years 1985, 1986, and 1987. 
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Pesi Damage 

Samples from town and village markets collected with assistance from 45 survey officers of the 
Compagnie Ivoirienne des Textiles (CIDT) were examined for the following: 
I. 	Weight (percentage) and occurence of undamaged pods, termite-scarified pods, broken or 

penetrated pods. 
2. Information on insect pests present in or on each of the above categories of pods at the time of 

sampling, and 15 days later. 

Fungal Infection 

Seeds of each sample (16 seeds) were held for 4 days at 28°C on moist, sterile sand, and then 
assessed for: 
I. 	Viable seeds (germinated) (%) 
2. 	Nongerminated seeds (%) 
3. 	Malformed seedlings (%) 
4. )ead seeds (%) 
5. Seeds infected by A..l/avus and/or Rhizapus spp (%). 

Aflatoxin Contamination 

Seeds of each sample (20 g seed) were assessed for aflatoxin content. Aflatoxins were estimated 
using the high performance liquid chromatugraphy (HPLC) method of Wiegandt et al. (1987). 

Results and Discussion 

Over the two storage periods, 434 samnples of groundnuts from farmers, and 72 samples from 
markets were examined. Overall, aflatoxin levels were slightly higher in the market samples, 
18% of these had levels of toxicity in excess of 50pg kg-' while 14% of farmers' samples had 
similar levels of toxicity. There were differences between the two storage periods in relation to 
percentages of samples with aflatoxin contents abrve 250mg kg-' (5.3% in 1985/86; 10.6% in 
1986/87). This could be due to higher levels of isect-damaged pods in the samples taken from 
the 1986/87 storage period. 

"lhedegree of pest damage, particularly termite scarification ofshells, was found to be related 
to rainfall during crop growth, there being a significant (P <0.05) negative correlation. Rainfall 
and humidity during storage also influenced aflatoxin contamination. 

Stepwise multiple regression analysis revealed significant correlations between aflatoxin 
contamination level and such factors as: 

" scarified pods 
• 	 undamaged pods 
* 	 number of broken pods per sample 
* 	 seed infection by Aspergillus spp. 
Factorial analysis of variance revealed interestingly significant correlations between the 

geographical location of the sampling sites and the risk of aflatoxin contamination. For 
example, the maximum risk of aflatoxin contamination was recorded from the locations 
situated in the central region of Cte d'lvoire. 

The sampling method used in these studies is certainly not the best. The unit weight of500 g of 
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pods in each sample, is probably too small to ellslsre a sulficiently accurate Ille isre of' theaflatoxin Containlation level. Noirot ill all tnpnlblished study proved thal to obtain a measureol'aflatoxin contamination of 10 Pg kg I (accurate to 5%) it was necessary 1o take at least 7.0 kgof pods per sample. 'is, with a tllit sample of 5(}g tile sarmpling error increases to aboLit 35 ,Ill other words, a sigunificant result coild only be obtailed bV Chance ole lime i three.To redctce or prevent allatoxin conltanillnati() it i; necessary (' ;Ike measures to control pestdfamage during crop growth, drying, and storage, to adopt curinig and (drYingprocedures thatensure rapid drying of pods, and to nse effective storz;e inctil|ods. All molded and in;:ectdamaged pods and seeds should be removed belore pro(dluce enters storage. 
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Engineering Aspects of Aflatoxin Research
 
in Groundnuts: Evolution of an Environmental
 

Control Plot Facility
 

P.D. Blankenship', T.H. Sanders', J.W. Dorner', 
R.J. Cole', and B.W. Mitchell 2 

Abstract 

in1980, an environmental control plot l;cility was designed and built at the United States 
IDepartnentof Agriculture (USI)A), Agriculturatl Research Service (ARS), National Peanut 
Research Laboratory to study the preharvestinvasion olgroundnutsby Aspergillus flavus and 
subsequentalatitoxinproduction. Requirements lor the planned research included the ability to 
induce droughlt and to nanipulate soil temperattre.Initially, the 1lcility consisted of/six, 12.2-rn 
long - 5.5-rn wide x 1.8-r deep, isolatedplots With electric-inotor-powcred roofs; for rainlall 
exclusion as required. (Geocarpospherctemperature nmanipulatiol was accomplished with ther
no.stticallY cotr/olled clectricallvhcated cables; and cooling coils supplied with chilled water. 
Fi; vironmentald(atawerv c'llectedusing a tnicroprocessir-ised,digitaldatI acquisition sy.iImn; 
that tecorded cotditions every 2 Itduring experiments. The 1ucilitv wias recentl.y expanded to' 
in vestigate the potential ofthe separate roles olint stress atndpod stress in allatoxincontatntina 
tion using two ancillary plots in which pod and root locations in the soil are separated and 
itdependent.%controlled. A niicrocotnputer-basedtemiperature control/ahrnti . stcin has been 
designed ajd installed to replace tianual controls tir soil temperature manipulation. The 
hinctionalperlirtance of tlw Idcilitv has to (late been adequate to provide a wide variety of 
te/uired cn iironmientalconditions lir research. 

Risurm 

Aspects techniques de Iarecherche sur les aflatoxines dans les arachides-ivolution d'un dispo
sitifde ontrCle des conditions d'environnement: En 1980. Icservicedc rechercheagrononiquc 
d Il/nited States )epartnwtt of Agriculture (USDA) a 6tudi6 et construit un dispositif de 
coitr,'lc des conditions d'cnvironnenent ai sci hu National Peanut Research Laboratorv. 
L 'ohicetiftet est d'.iiitntr 'invitsiont des arachhlcs patrAspcrgilltstlavus avant /a recolte, ainsi 
que Ia contaiitatiin ultericurepir/csaflaitoxies. ('Cedispositifpernetde crber des conditions de 
stY/crcsse etdeA contro/erlIatcupraiture du sol. A udepart, il cornpretnaitsix parcclls(12,2; de 
oingucur, 5.5 in de largeur. 1,8 in de profondcur) isokes, pouivant etre couvertes par des toits 

an;ot ibles dhct riqucs p~out trr~ttrhapuic.,l.a temperat i/clIgbocarposplhrceest r6glkcgrce 

I. 	Agricultural iignicer. Mant Phv iologt, Mycoloxicohogmi, and labo atory I)irector. IUnitcd States Department ofAgriculture, 
Agricultural Rescaich Service (IIS)A,ARS), National Peanut iecearch Laborahory. 1011Forrester Drive, )awson. (A 31742, 
ISA 2. Agricultural Figincer, IIS)A. ARS. Sutheast Pultiv Research Laboatur), Athens,.GA 31742. USA. 

(iaison: ICRISA I (International crops Research Institute forthc Serni-Arid I ropics). 1989. Allatoxin crintanination ofgroundnut: 
prwcethngs of tihe India. Patancher i, A.P. 502 324. India: ICRISAT.Internatitonal Workshop, 6-QOct 1987, ICRISAI (:enter, 
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des ';Thl'," de chaufia'ge Ilectriquedvee L'ctiltrtile thlriilost;tiqiie,et p;ardes crpentin. dc re/roidisSeleit'l alliinent''.es pair/"u Iroi. Ies dtonijeesstir es colitions(I Il'lih't
,.'stg'nu' iniortnatins soltI obten ics par Undigitatld e-'nregistrelncnt dc,sdotMeesx ; des interv;lles dh-: frs patrce'l/cs Ilt te rccem t t 
deim. hteures. iheu.

ntceis A ce disposltitil n dettldier/Iit)ortancerespectivede.s slrexs Pui.
 pIr/ p/antc ct par les gousses datns Ia u inparcelle's. ha /one racmntir, at 
nfl ti0n par hks alAto,,ines. I )as eesett .patr' de celhe eltlitl lt.hsgm .. .ssesl I e so! pourconlr6leilldependan des conllitions., 1iltsIsllt* tillrini; (le 'ontrole tinltlinent a c&tcttud it tis en ptourieinlp/llcrI "Ineien vsitnet"nnu'l. ( "c 

.1 e 't'I ,tdipoitipern.,tie 
crc cer tdl ersite de condtitionsd c'n nhc'ssair .. 

alhtce 
un iressnn inn , Aces tttd es e;les re;dsult;,iso detnti." 

JUS/1i/'iison!tt ihlisai it..V;i. 

Resuineie 

Aspeclos ticnicos de lainvestigaci(n solre his anlatoxinas en el clacahuate: Evoluci6n de dispositivos para controlar las condiciones arnlhientales en parcelas experimentalesflepartatnent o(IAgrict lluradtI 
: n 1980, Cl 

conrl/arlah o(hict's 
.statdosI nidos (I/ ), ) diseitivconstruvi tin di.spositivopaOr;amhie'tls en [,arcela.sexperuuent;,lcs. en el1ahoratorio NaciontaldeInvcstt ,acindel ( ;'cahuaftedel .%'ervicit;de In t stacitinAgricola (A RS),par; el estudio (tie Ia

s
invasiti, precosecha de los caca/uuate.s poi Aypergilhl flavus, jalatoxinas e'n s Ia subsecucnte prodtuc'ciin tieIts grano.. I as in 'estItac, nc.seflt cithadas retquirietotl de que se puldicraproducitrttil't/iones de sequia en t cIt wo, asi coo 'tactiolc ie"Ide tempetUaitidel sil/o hal'ofacondic',ones estnctalilclt' co'fliottas. lttc ialituit, Io

si partclasaisladas tde 

s dispositn os esta/,an cotilstitltl]ospor12.2 itde longitud po .5.5 titdeanchov 1.8 itdepiifcot) le]los accioltn;dtospoitllotores e'ct 
lid.d,cquipados

llc'-.
q tierlitianI hl .clus6ltie hl ilvtia ctltfno asretteria.Las tariacioncsi' ltnperatur;t t 

ined'o de 
te.w.adas deiotro die Ia gcoctiisri'; producianpot.se
t.stetitas elctrica.s t'itltio/at;s i.tI ailln;t .i-tsetfllitills dclle..d iliflanl,'tntodetilrode los cuales circulaha agla previanleicli tilt.ati;,. Los t/laots sohtie las coth/jont. del
me/.do am hientesc ohtut
icron pot fniltitide ln tsisteiateiiiride iltoirnlacidiiticrocoiupuatd;tor;,en diitalen unI1I ull se registrahal I,. Ctitones citl;ati;,s ca!;h tios hots,dtiurate c/dsarro/lo tie os exlerimeltto.s.

Ilstosdispotlivo.s S.ehaliltccineni;do rccienteltnitc par;aplotr .sela;tlattenteelcstig,-e1cclo qutienen Ios siguientes 'l'ctorcs:a) e/ esluieuo illt'rnoticinterno eA stenitee Isilntas. y b) c/eshierloeias v;inas.so/rbe ;l coltainillat con ;llaioxinas.tili/Ando. fara este fin 
ttt 
 en

dots suhparce;ps ;itli' nacciliti las cuales los suco. tIondcte e elncu'entrain sitmttados Ia vaina , Iaplanta estin separat/os entre si. c)sistcin toitidicitone ind tlltic.ill cotlilrohdas. S.e hadisent}do c instalatdountsisteina d contro/ctil ;iar; t teinpcratura,que est concltadoaIlna inicrocopult;tdor;a,.vque sustlimVe los conltrole.s malintiles para reguhr fa ltnperatur,delsuclo. l'stos dispositivos hain resultadoser nu linconitaleshast Ia fchi. .v in permitido crearfa diversidadde cotndicionesamhienitales ilecesarias para I;, realizaci6nde hIsestudios deseados. 

Introduction 

In 1972, 1978, and 1980, severe droughts occurred in southeastern USA where a large portion ofthe US groundnut crop isgrown. Severe economic losses occurred not only from yield reductionbut also from aflatoxin contamination in groundnuts. Prior to 1980, considerable research 
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attention had been gix en to factors predisposing groundnuts+to a11latoxin contamination during 
vaIOlS aspects of prod uction and processing ( hampton i1903, 1)ickens et a!. 1973, )iener and 
)axis 1977, McL)onald 1969, McI)tonald and Ilarkness :964. Pettit et al. 1971. Porter and 
+arren 1968). 'rehrvest .l.Vui',g//um inasion an(h/lui subsequent allatoxin production in 

groundnuts had been closel% associated with drought: however, the particular contributing 
factors during d rt iught ,tless, lesulting in conltainihation had not been specifically defined 
(1anptoi 1963, I)ickens eta]. 1973, I)iencr and I)avis 1977, Mcl)onald 1969, Mc)onald and 
larkness 1964, lPcttit et al. 1971, Porter and Galrren 1908). Jo pursle the study of preharvest 

Coltarlination1. aln c1i\ ronrictall control pht facilit " was (Icsigned and built at tile tJSI)A-ARS 
Naitlral Peainut Rcsecaich Iaboiator\ (NPRI ). i)axsson, (Gcorgia, and has now been ill 
operation lor 7 \cars tilankenship et A. JIM.,). I he design Cliteria for this facility included not 
oril\ aritorliiltic. 1ri1 able shelters but ilso an apparatus iiquc to:this facility that manipulates 
soil enrilperltlirc. ('onsiderahlie ilforrilation relatise to the plreliarcst environmental leactors 
iriso,, ed Ii1 .k s'rgllm Ii',i iri1asiori and su bse.que.nt AlittOxii contanminationl ill groutndniuts 
has been c'rCrtCd fr0rrr rescarch at t11S lacilit\ (1H1ankCeisihip et al. 1983. Blankenship ct al. 
IMh4. Blankenship ci al. 1985. ('Ole et al. 1982, (ole et l. 1984, ('olc ct .1. 1985, ('oleet a!. 1986, 
Hill et al. f983I.. S lld.rs Ct a. 1981, Salders et at. 1984, Sanders et ;i1. 1985a, 1985b). 

I lie pulpose of thils paper Is to chronologically review the operation of this facility during the 
past 7 ycars, and to describe tire e\olutior of facilities and engineering aspects required to 
produce tile re.'quirCd e'xpCltinIiItIA colditions IieedCd during research to deternine the factors 
irsoklsed Ill pliars est allatoxill Collta1nlillatiloll. 

Original 'acility I)csign 

Initially. the faCilit\ consisted of six 12.2-in long by 5.5-n wide plots with aI l.n-deep topsoil 
profile oif Ilion saindy loalli (1l31ankenship et al. 1983). Plan and cross-section views of tile 
facilit\ are preCented ill I'igures I. 2.arid 3(1lankenship eta!. 1983). Provisions were made in the 
design to isolate tie Soil in each plot irol surroulnding soil and frorii adjacent plots to prevent 
surfac rIlnoll and glourrdxxatel inliltration.l di idual, automatic. electric motor driven sil
ters \%eie prmdled to exclude lriinlall \%elen desired. ,\rr irrigation svstelni for each plot "Is 
;,ttached underneath the roofs that Could be Imed ox et the plots whe.n irrigatioin wits 11ecessa. . 

Initial resealch plans reiritl tile capability both to elevate the soil temperature above 
almbierit tempcrature Ii the grouindriut friting ione in ;Ili irrigated plot, and to lower the soil 
temperature helo\ atibierit temperature in a drought plot (Blankenship et al. 1983). Electrical 
heating cables placed JO-cm apart. 12.7 cli deep across the entire cross-sectional area ofa plot 
and regulated x\ith an on-ofl therilostat \,ere used to elesate the soil temtperat Lre. Water from a 
%%ellIt approximately 20' C circulated through parallel 0.6-cm diameter epoxy-coated copper 
pipes spaceid 11.2 cm apart and 101.2 cm (Jeep was successfully used to lower tile soil 
tellmperat tires. 

A 5(i0-channel, micrtiproicessor-based, digital data acqiisitiioi systel \%*ats installed to collect 
environneital data. Iype I thermocouples were used with the data-collection svstem for 
temperature measurenients, while gypsuni blocks were tised ftr soil-moisture mieasu rements. A 
lightning protection systeml or tile data-collection equipment was installed. Ihis included two 
15.2-in towers placed opposite each other adlacent to tile South end of the outermost east and 
west plots. An aluminum cable was suspended between tile towers and attached to the nietal 
framework surrounding the plots. Several 1.8-ni lotg copper ground rods were driven around 
the perimeter of the plot facility and interconnected to the steel framework with a copper cable. 
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Itwas assumed that the cable would intercept a ligh tning strike or sta tie electricity discharge a nddissipate the charge into the surrounding soil instead of into sensor leads in [he plots, thusprotecting tile electronic data-collection equipmct. 

Performance of the Facility 

Inducing drought conditions in the plots at the fIcility has been relatively easy hecause of tiledesigned drainage and the isolation of soil profiles of the plots. Generally, after water has beenwithheld from a plot, soil moisture t .sions have reachcd levels up to -3 to -5 bars in 2 to 3 weeksin the top 30 cii of the soil. D)rought periods in experiments longer than 40 days have usuallyproduced teilsions grealer than 10 bars. Groundnuls typically begin to show drought stress bywilling 7 to 10 days aller a final irrigation.
A stmlniarv olthe accuracy of the soil teniperature controlling equipziert in obtaining desired

trealment period averages is presented in Iable I. Alter the first year's tests, ensuing research hasrequired that all of the original plots be fitted with soil temperature manipulation equipment. 
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Figure 3. Plot shltller drise sslein. 

Soil heating and cooling was generally accomplished in the plots using apparatus similar to that 

used in 1980. However, to extend the cooling capacity, an electrical water-chilling unit with two 

5.07 hp compressors has been added to supply chilled water for cooling instead of using water 
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Table I. Performance of the facility in con!rolling soil temperature, National Peanut Research Labora
tory, Georgia, USA. 

Year lreatment 

1980 	 Irrigated 
I)rought 
IrrigatedI lcated 
)rought, Cooled 

Irrigated 
l)rought 

1981 	 Irrigated 

Drought Ileated 

I)rought ihcated 
I)roughti Cooled 
Drought Cooled 
Drought Cooled 

1982 	 Irrigated 

Drought 

Drought 

I)rought 
i)rought 
Drought 

1983 	 Irrigated 

Irrigated/I Heated 

l)roughti Ileated (20 (lays) 
)rought/ Heated (30 days) 

i)rought/ leated (40 days) 
Drought, Heated (50 days) 

1984 	 Drought/ ileated 

Drought/ ieated 

Drought, Iheated 

Drought/lIeated 

I)rought, Iheated 

Irrigated 


1985 	 Irrigated 
)rought 

Drought 
)rought 

i)rought 
Drought 

1986 )rought 
)rought 

I)rought 
)rought 

Drought 
Drought 

Desired average 
temperature (() 

Unmailipulated 
U11ma ni pulated 

33.3 
• 25 


Unma nipulated 

Unmanipulated 


Unnmanipulated 

30 

25 

23 

21 

19 


Unmanipulatcd 

32 

30 

28 

26 

24 


Unmanipulated 


30 

30 

30 

30 

30 


30 

30 

30 

30 

30 


Unmanipulated 

Unmanipulated 

29 

29 

25 

25 

25 


30 

30 

30 

32 

28 

26 


Treatment period 
average (0C) 

24.7 
28.0 
34.1 
24.4 
25.6 
28.9 

23.8 
30.5 
25.7 
22.9 
21.3 
19.8 

23.8 
31.3 
29.6 
27.8 
26.3 
24.3 

25.9 
29.4 
28.9 
29.6 
30.2 
30.5 

28.9 
29.7 
29.1 
28.5 
28.9 
24.7 

23.1 
30.0 
29.5 
25.1 
24.9 
24.7 

29.5 
29.7 
30.2 
32.1 
27.5 
25.5 
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from tile well. Water for cooling is circulated through the pipes in the plots and then returned to 
the chilling unit instead of being exhausted. 

Lightning damage to the data-collection equipment at the facility occurred occasionaly from 
198(0 through the 1985 season. After the 1985 growing season, tile lightning protection system 
(towers and connecting cables) was dismantled and interconnections between adjacent plot steel 
frameworks were disconnected where possible. Suhseq uentlV, lightning damage has greatly 
diminished, possibly because the protection systeni was attracting lightning and dissipating 
charges of the electricity that exceeded the limits for the analog voltage equipment into the soil 
around the plots. ()ther types of difficulties have been previously documented (Blankenship et 
al. 1983). 

Engineering Modifications 

Prior to the 1985 growing seasol, two additional plots 2.4-ni wide by 12.2-i long were built; one 
each adjacent to the outside cast and west plots. Shelters for the added plots were provided by 
increasing the widths of one side of tihe shelters of tlie original plots adjacent to tile new plots. 
The same type topsoil profiles were used for the added plots but they were only 0.9-m deep. 
Provisions were not made to prevent moisture from tile surrounding soil from entering the plots, 
but apparently this has so hir not affected experiments. The major design criteria for these plots 
was to provide facilities for studying the iriflurnce o!*drought and heat stress in tile root zone of 
tle soil (plant stress) versus siuilar stresses in the pod ione (pod stress) on allatoxin contamina
tion of groudrinut pods. lhe separation between tile two depths ir tile soil has been assumed to 
be 7.6 cm. A 2.5-cn thick layer of polystyrene was used to separate tie zones and to provide 
insulation from required experimental conditions between /ones (Fig. 4). One plot isfitted with 
heating cables above the polystyrene that heat tile pod tone, and the other with cables under
neath tle polystyrene that heat tlie root zone. Porous tubing was placed underneat'h the 
polystyrene to irrigate tlie root tones (lBlankenship ct al. 1985). Pod zones of the soil are irrigated 
with a sprinkling system. In one of the plots each year during the fruiting period, the controlled 
conditions have been dry and heated in the root tne, while the pod zone was irrigated and at 
ambient temperature. [he opposite conditions have been provided in the two soil zones in the 
other plot. 

Temperature differences produced between the soil /ones for the two types of stress during 
1985 and 1986 are shown in Table 2. The two types (f stress produced striking differences in 
afl:ltoxin contanination of USA edible-grade categories of groundnuts (Table 3). Data indicate 
that adverse conditions of heat and drought in the pod zone and not in the root zone predispose 
groundnuts to contamination with aflatoxin. 

Apart from adding two plots, another major engineering change was implemented at the 
facility prior to tile 1987 planting season. To reduce tile labor requirement in controlling 
experiments, a1microcomputer control and alarm system was designed and installed to control 
the operation of the facility and to provide telephone alarms for soil temperature discrepancies, 
improper shelter operation, or electrical power failures (Blankenship et al. in press). The system 
periodically measures temperatures in plots (every 10 nin), and subsequently adjusts the 
operation of the equipment used to maintain soil temperatures. A measured mathematical 
approach generates control algorithms to control soil temperatures. The system has provided 
adequate control of soil temperature in the research plots and has activated telephone alarms for 
roof drive failures, plot temperature extremes, and a power failure. 
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Figure 4. Cross-sectional view of one of thle
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Table 2. Comparison of soil environmenlal conditions for plant and pod stress treatments, National 
Peanut Research Laboratory, (eorgia, USA, 1985 and 1986. 

Soil moisture TemperatureYear Plot treatment Soil one condition (0 C) 
1985 Plant stress Pod Irrigated 24.9 

Root Drought 28.9 
Pod stress Pod Drought 29.1 

Root Irrigated 27.8 

1986 Plant stress Pod Irrigated 27.6 
R not I)rought 29.8 

Pod stress Pod Drought 29.6 
Root Irrigated 29.9 
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Table 3. Effect of plant and pod stress treatments oin aflatoxin contamination of USA edible-grade 
categories of groundnuts, National Peanut Research Laboratory, Georgia, ISA, 1985 and 1986. 

Allatoxin content (pg kg-') 

Yea r U SA edillk-grade category 
Pl nit stress 
treatmelt 

Pod stress 
trcatmerint 

1985 .Jullih 
Medium 

Number I 

Other edibles 

0 
) 

98 

522 

I 780 
I 833 

1986 .urnbo 0 83 
Mediumnt 
Numher I 

Other edibles 

I 
1122 

I 

708 
439 

691 
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Environmental Conditions Required to Induce
 
Preharvest Aflatoxin Contamination of Groundnuts:
 

Summary of Six Years' Research
 

R.J. Cole, T. H. Sanders, J.W. Dorner, and P.D. Blankenship' 

Abstract 

Environmental conditions necessary fur preharvest aflatoxin contamination of visibly sound 
groundnuts are reviewed on the basis of studies conducted at Dawson, Georgia, USA during 6 
consecutive crop years using six environmentally controllcdplots. The role of temperature and 
nmoisture in preharvest allatoxin contamination of groundnuts was established. Preventive 
measures, including the use of so-called 'resistant' varietics,calcium nutrition, and irrigation. 
wer e valuatedusing environnntally controlled plots. Te st tidies showed that groundn uts do 
not ', ±.come contaminatedwith alatoxins in the ahsence olsevere andprolonged drought stress in 
spite of invasion levels ofup to 80 by the allatoxin-producing httgi, Aspergillus flavus and 
A. parasiticus. Also. larger, more naturegroundnut kernels require considerably more drought 
stress to become contaminated than do smaller, more imnmature kernels. Ph ytoalexin-based 
resistance can readily explain the resistance in immature kernels, but it does not explain the 
broader-based resistance ohscr "edin larger, more tna.turekernels. Studies during 1983 supported 
the hypothesis that preharvcst contanination with aflatoxin origniates mainly from the soil and 
not fron the air via floral invasion. 

Rsum6 

Les conditions d'environnement favorables A]a contamination des arachides par les aflatoxines 
avant la ricolte-ricapitulation de six ans de recherches : Les conditions requises pour la 
contamination par les aflatoxines avant la rtcolte des arachides appareinment indemnes sont 
rappelkes. Ces observations sont fondes sur les 6tudes inen&es h Da wson (Georgia) aux Etats-
Unispendant six campagnesconsccutivcs, sursix parcelles et sous conditions contr6lbes. Le role 
de la tctnpcraturcet de lhuntit dans la contamination par les aflatoxines avant/a r~coltea 6 
etabli. Les nesuresprventives,notamment lutilisationdes varits dites r~sistantes, lipportde 
calcium ct 1irriationont e rgaleinent 6tudi~es stir ces parcelles exp6rinentales. En l'absence 
d 'une Iorte s~cheresse prolong~e, iln ' apas de contamination nalgr des taux d'inkction al/ant 
jusqu , 80. par les champignons a/latoxinognes Aspergillus flavus et A. parasiticus. Ilfaut une 
sichercsscd'autantplus torte que Ia graine est plus grosse et plus mtlre. Bien que /a resistance 
lodee sur les ptvtoalexines explique clairement la rcsistance chez les graines immatures, el/c 
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States l)epartment of Agriculture Agricultural Research Service (USDA. ARS), National Peanut Research Laboratory, 1011 
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proceedings of the International Workshop, 6-9 Oct 1987, ICRISAT Center, India. Patancheru, A.P. 502324, India: ICRISAT. 
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n .xpliquepascelle observeche lesgrainesplus grosseset plus mures. Les 6tudeseffectues en1983 corroborent 'hvpothi'seque la contaminationparles a/latoxinesavant/a rccolteprovientessentilementd solet non pas d'nein vasionfloralesuiteh la transmissiondu champi'nonpar
/ 'iir. 

Resdmena 
Condiciones ambientales requeridas para inducir la confaminaci6n del cacahuate con aflatoxinasantes de la cosecha: Resumen de siete afios de investigaci6n : Las condiciones anibientalesnecesariaspara la conrtaininacincon allatoxinasantes de a cosecha de granosde cacahuateaparentemente no dariados a la simple vista, so reexalninaron con base en los resultadosobtenidos en los estudiosretlizadosen DIa'son, (ergiac, Estados Unidos de Anuirica, durantesiee ciclos agrico/asconsecutivos, enipleandoseis parce/ascon medios ambientes controados.Los eletos de temperaItr!i-htin),dadsol,re /icontaminacitnde los cacahuatescon alito.\inasduranteelperiodo de plrecose/haiiueronesta blecidos.S e aluarondi 'ersasimedidaspre tent vas,incu'vendo e/ uso de variedadesslpuestatiente resitentes, aplicacionesc/ecalcio, v diversaspr;lcticasde riego, en parcelas experinentales con condiciones inbientales contro/adas.Losresuladosobtenidosdentmosiraronq tl los cacahuiatesno se contantinancon alkltoxinas,si no havcondicionesseveras pro/ongadasde sequiaenf 'lcultt 'o,a pesarde Iapresencia de liertesnit'c/esde infeccicin (hasta de SO) ) de los /)ongcos alatoxi enos. Aspergillus flaN us y A. parasiticus.,"Il .s%
siiso. deetnCIIIti qt anos de ol -;irirrclhIc 1/mduit leqlieren /ecolndicionesinsst ers de sequti parallegai a contaniinarse,quc los granos pequeflos v innladuros.Laresistanciacon base , 

aiis 
ltoalexina es flI'cjilde entenderen los Lranosinnadurospero teSo e\plia
/iintisannl/iaresistenciaobservadaon eranos milsgrandes.Imasnaduros.Los estudios desarrollados durante 1983 corroboranlahicp6tesis /iUV Ia cntaninaioncon allatoxinas durante elperiodode precosecha sc' origina prineip.lmente porinfccionesa trat s dc/suelo'.noa partirdein/ccionesde los rganos floraes,por transntminde los hongos patoigenosa travt's del aire. 

Introduction 

The grrundnut (.4rachis h.pogaca L.) is a unique plant in that after flowers are produced andfertilized above ground, the fruit develops underground. The fruit therefore comes in contactwith soil microorganisms, and many species of soil furngi can invade groundnut pods and seeds.The nature and degree of invasion are dependent on the soil ell\ ironment during growth anddevelopment of the groundnut fruit. [he allatoxin-produciig fungLi. ,lA cigillu.//ar'v. link exI-ries and A-.parasiticU. Spea re. can in\Vade gV()t11dnt fr'iiits and produce all atoxin beforeharvest, during postharvest handling, drying, and in storage. lreharvest allatoxin contamination has been associated with se ere late season drought stress (Dickens et al. 1073, ,MclcDonaldand Harkness 1967. lettit et al. 1971, Wilson aid Stansell. 1983). lPreh rvest allatoxill coritaimination can be found in seeds from insect-damaged pods or from pods without obvious damage.The factors invol\ed in allatoxin contamination associated with insect darlagt are moreobvious than those associated \witi the absence of visible dariagc.
This paper revicws results of 6 years of experimentation concerned with elucidating theenvironmental factors (soil moisture and temperature) responsible for preharvest alatoxincontamination of visibly intact groundnuts, and with ialuating potentMia preventive measures. 
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Materials and Methods 

Studies were conducted ovcr a 6-year period (1980-1985) using six environmentally controlled 

plots, each provided with independent control and monitoring of soil temperature and soil 

moisture (Blankenship et al. 1983). Soil moisture and temperature data were collected every 2 It 

throughout the crop season, and subsequently analyzed using the Statistical Analysis System 

(SAS-79). 
The groundnut variety primarily used in these studies was 'Filorunner', grown extensively in 

the USA, and particularly in tlie southeastern peanut belt. The fruit of this variety develops from 

3.5 to 5.0 cm beneath tile soil surface and matures between 145 and 165 days after sowing (l)AS). 

On tile basis of soil analyses, soil fertility was adjusted annually before sowing. Fungicides, 

insecticides, and herbicides were applied as needed, according to Federal-State Extension 

recommendations. 
Soil moisture tension was measured witi l)elmhorst gypsum blocks, and soil temperature was 

measured with copper constantan thermocouples. 

The soil temperature in the pod zone was modified using two methods. Soil temperature was 

raised by thermostatically-controlled, lead-shielded heating cables arranged 10 cm apart at a 

depth of approximately 12.5 cm, and reduction was achieved by circulating cooled water 

through 6.35-nm copper tubing coated with chemical resistant paint, installed in a similar 

fashion. 
dried, combined, and shelled. They were categorized intoGroundnuts were dug by hand, 

conmercial grades prior to analyses. The grade categories were loose-shelled kernels (LSK) 

(shelled during combining), junibo, nedium, number I, other edible, and oil stock. Edible 

categories included junbo, medium, number I, and other edible. Damaged kernels were 

handpicked from all categories, combined and analyzed separately. Samples were analyzed for 

aflatoxin by the high performance liquid chromatography (HIPLC) method of Dorner and Cole 

(1988). 

Crop Season Treatment Regimes 

1980 

All plots were provided with adequate moisture until 94 I)AS when four different treatment 

regimes were applied. Treatments were: irrigation provided throughout the growing season (2 

plots), irrigation provided throughout but with cleva!.d soil temperature in the pod zone (I 

plot), no water applied after 94 DAS (2 plots), and no water applied after 94 DAS but with 

reduced soil temperature ill the pod zone (I plot). Groundnuts were dug 145 DAS. 

1981 
One plot was provided with adequate moisture throughout the growing season (146 DAS); the 

five remaining plots were provided with water until 85 DAS after which no additional irrigation 

provided. The five drought treatments were distinguished by varied soil temperature in the 

pod zone. One plot was drought stressed without soil temperature modification, another was 
was 

heated to provide a mean soil temperature of 30')C throughout the treatment period, the three 

remaining plots were cooled to provide 20'C, 22'C, and 24'C mean pod-zone temperatures 

during the treatment period. 
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1982 
One plot was again provided with moisture througiout the growing season (138 DAS). The 
treatment strategy in this year was to induce drought stress in all five remaining plots 91 I)AS,
but to vary tie overall mein pod-ione temperature to provide mean temperatures of 24°C,
26"C, 28T(, 30" . and 32"C. 

1983 
One plot was provided with adequate moisture throughout the growing season (143 I)AS).
)rought stress was induced in four plots for 20, 30, 40, and 50 days before harvest. Optimum

mean pod-ione temperature for alatoxin developnient (approximatelv 29-30°C) was provided
for each plot during the various treatment periods. Studies were also designed to investigate the
relative significance of plathways of infection by ... lavis, either aerial flower and peg invasion 
or direct invasion fron tile soil. lhcse studies used two color muta nts, one each off .laivsand 
A. Iparasilicit. 

1984 
Four experimental groundnut genotypes, which were deeied resistant to A.flavius invasion
%ere evaluated and compared with tile Florunner cultivar for resistance to l..lfavus invasion
and allatoxin contamination. A stud), was also conducted to evaluate tie role of soluble calcium
in protecting groundnuts from preharvest aflatoxin contamination. Both tests evaluated effectiveness of resistance when subjected to environnental conditions ideal for afla toxin contamina
tion (29'C for approximately 45 days of drought stress). 

1985 
'his %ear's study w'as designed to test the role of' groundilt phytoalexins in resistance orsuscept ibi ity to preharvest atflatoxin contamination. The hypothesis was tested by monitoring

kernel moisture, czvpacity for phytoalexin production, arid aflatoxin contamination in ground
nuts at differenit maturity duringstages of a drought period with two different mean soil
temperatures (2:; C and 29"C). hrece plots were drought treatments maintained over tihe
treatmeit period at a mean pod-/one temperature of 25.'C; two w%,ere drought treatments at a 
mean temperatt - of 29"'C; while one control plot was provided adequate moisture throughout
at an ambient pod-/one ten pera ttire. Plants from the 29'C treatment were initially sampled
after 17 treatment days then sampled weekly for 6 weeks (59 treatment days). [he 25°C
treatment was initially sampled after 18 treatment days and then weekly lor 9 weeks (80
treatment days). The irrigated control plot was sampled weekly throughout the test period. 

Results and Discussion 

Table I summnarizes the experimental results of the 1980crop season (Hill et al. 1983). Aflatoxin

contamination of visibly intact kernels in the edible categories occurred only in tile drought
stressed groundnuts without pod ione soil temperature reduction. Therefore, it was concluded
that both dry soil and elevated soil temperatures in tile pod zone were required to induce
preharvest aflatoxin contamination of edible category groundnuts. Other observations were
that damaged kernels were considerably higher in aflatoxin content than were visibly undam
aged kernels and that the larger kernels, presumably more mature, were less contaminated than 
were tile smaller, less mature kernels. 
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Table 1. Total aflatoxin contents ofgroundnuts from various commercial seed grades and mean pod zone 

soil temperatures of treatments, National Peanut Research Laboratory, Georgia, USA, crop year 1980. 
l 

Treat ment' temperature 

I 25.TC i) 28.4"(" Ill 34.1"C 1)C 24.40 C 

Seed grade 	 Total allatoxin contenl (Mg kg ') 

-dible 
0 0.lumbo 	 (1 29 


0 127 0 0
Medium 

Number I 
 0 188 0 

629 Trace 0Other edible 	 0 

Other 
0 2 109 0 I1Oil stock 


[SK " 0 2692 0 )
 

365 22900 12 594
Damaged 

I) drought Cooled
I 1 - liigatcld 1) = driuight; ItI : ligdtctle heated; 

2 Mur sil ticmprit ture 2 5 cinunder wits (94 145I)AS). 

.1 I SK .Loimic-shclled kernel,. 
Siiii cc 1hll ctill.1983. 

Crop Years 

1981 
The results from 1981 are suminarized in Table 2 (Blankenihip et al. 1984). In drought 

treatments significant aflatoxin contamination occurred in edible and nonedible categories in 

Table 2. Total aflatoxin content of groundnuts from various commercial seed grades and mean pod zone 

soil temperatures of treatments, National Peanut Research L.aboratory, Georgia, USA, crop year 1981. 

Ireatment temiperaturt:
2 

I 23.8W I 3.5"'C 1) 25.7"C' 1)19.8°C I) 21.3°C 1) 22.9 0 C 

Iotal aflatoxin content (pg kg')Seed grade 

Edibl
 
0 0Jumbo 1 315 0 	 0 

Medium 0 816 72 0 0 0 

I 0 135 Irace 0 0 0Number 
4 0 0 0Other edible 	 0 620 

Other
 
Oil stock 0 3400 980 	 0 0 0 

0 270 119I.SK 	 0 1350 1680 
200 815 4500Jamaged 0 26800 5000 


I I "lrrigited tI) I
Druughl, 

2 Meaii poid Ii1i1wil empctttire 2 5 i indci row, 05 146 IAS.
 

Soiiiicc Illankeiship CtillI194.,
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the treatment with elevated pod zone soil temperature (30.5'C), while from the cooler treatments, only the nonedible categories were contaminated (Table 2). No aflatoxin developed invisibly intact groundnuts grown with adequate moisture throughout tile growing season. 

1982 
The treatment strategy for the 1982 crop year was to cover tile critical range from 24°C to 32°Cwith 2.00C increments. The resultant temperatures for the treatments were in excellent agreemerit with the treatment objectives (Table 3,('ole et al. 1985b). The mean pod-zone temperaturerange for aflatoxin development during the stress period was between 26.3 and 29.60C with thelatter being optimum. A mean pod-ione temperature of less than 26.30C was insufficient tocause significant aflatox in contamination during the stress period, while a mean temperature of31.3'T" was apparently too high for allatoxin development. The optimnum temperature foraflatoxin development was very close to the upper temperature limit for contamination. Thisskewed curve issimilar to that obtained when .'l./iavu.growth or aflatoxin production vs wateractivity and temperature are plotted (R.A. H1ill, personal communication). 

Table 3. Total aflatoxin content of groundnuts from iarious commercial seed grades and mean pod zanesoil temperatures of treatments, National Peanut Research Laboratory, Georgia, USA, crop year 1082. 

lrcatmeni temiperature2 

I 25.61C 1)31.3"'C I) 29.6VC 1)27.8"(' [) 26.3"C I) 24.6)C
Seed grade 
 otal alanoxini content (jug kglI)
 
Edible
 

uib o 0 0 275 0 0Medium 00 0 10 2 0Numher I 00 0 3100 250 83 0Other edible 0 0 6660 0 330 20 
Other

Oil stock 0 0 440 220 360 0LS K 1 0 0 40 0 0D)amaged 00 0 650 (H)4 (.) (H)
 
I teaLmcntm. I : Irgatcd. 1) 
 )rought.

2 Wean poad one soil temperature
il t ildepth ol 5 cm (90 138 L)AS).
 
.1 1 SK : I oo'e-hcled kelit',
 
4 1 d'ioI.ilgetd grounidnltr , ltl le toraili,'yl%.
 
Sauice, (ole et al 19M4
 

1983
Results from 1983 (Table 4) demonstrated that 20 days of drought and heat stressinsufficient for aflatoxin to develop in edible categories (Sanders et al. 

were 
1985, Cole et al. 1984).However, 30 days of stress was sufficient for contamination while 40 and 50 days of stress wereincreasingly more conducive to aflatoxin development. A comparison of the invasion of flowers,aerial pegs, and kernels by wild-type and mutant strains of A./lawus or A. parasfiicus, along withaflatoxin analyses of kernels from different drought treatments, supported the hypothesis that 
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Table 4. Total aflatoxin concentration (jg kg-') of grade-size categories of groundnuts from five plot 
treatments, National Peanut Research Laboratory, (eorgia, USA, crop year 1983. 

Freatment' 

Seed grade )20 )30 )40 1)5(0 

Edible
 
.lunbo 0 0 0 0 570
 
Medium 0 0 4 275 120
 
Number I 0 0 155 261 430
 
9")her edible 0 0 80 780 190
 

Other 
Oil stock 0 0 2600 I 100) 350 
[SK2 0 0 590 146 I 600 
I )a maged 0 600 2 100 24 000 14 000 

I itrig;tl 1)20. 1)3). etc.,-d ught nd 'l'awtd 'i1tnlpcrit , -2e%.I ('1lor 20.10. t ". da. )wloic htlh.
 
2 I SK I oowre-0hcltMt kcrntrks
 
sollic.S lld r%el illIWh 

preharvest contamination with aflatoxin origimtes mainly from the soil (Cole et al. 1986). The 
following evidence supports soil invasion as opposed.to aerial invasion :( I)agreater percentage 
invasion of kernels rather than flowers or aerial pegs by either wild-type A./lavti.%or mutants; (2) 
significant invasion by ain A. farasilicuscolor mutant occurred only in groundriut from soil 
supplemented with the mutant, whereas adjacent plants inclose proximity but in nontreated soil 
were only invaded by wild-type A. flavu.%or A. /lrasilicus : (3) allatoxin dat;, from drought
stressed, visibly intact groundnut kernels showed that samples from soil not supplemented with 
a mutant strain contained a preponderance of aflatoxin Bs (from wild-type A..l vus) whereas 
adjacent samples from mutant-supplemented soil contained a preponderance of 1's plus G's 
(from wild-type and mutant A. parasiticus);and (4) preliminary data from two air samplings 
showed no propagules of At./lavus or A. parasificus in the air around the experimental facility. 

1984 
Results from 1984 demonstrated conclusively that certain lines or cultivars deemed resistant to 
seed invasion and colonization by A..flavuswere highly susceptible to preharvest contamination 
when challenged with environmental conditions conducive to allatoxin contamination (Blan
kenship et al. 1985). These studies indicated the need for further research to develop an accurate 
screening method to identify the possible existence of genetic resistance to preharvest aflatoxin 
cortamination in groundnut germplasm. The application of soluble calcium is not a feasible 
preventive measure against preharvest allatoxin contamination of groundnuts (Table 5; Cole et 
al. 1985a). 

1985 
Results (Table 6) from these studies showed that as kernel water activity (Aw) decreased because 
of drought stress, kernels lost the capacity to produce phytoalexins at an Aw of 0.95 and lower 
and then, after adelay of approximately I week, became contaminated wi'l,,aflatc,xin (Dorneret 
al. in press). Immature groundnuts were more likely to become conta. ',ited than mature 
groundnuts, and phytoalexin production was well correlated with the natural resistance of 
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Table 5. Effect of calcium ((a) on total aflatoxin content of %ariousseed grades, National Peanut
Research Laborator., Georgia, USA. 

Allatoxin content (pug kg 1)
Secd grade 0 kg ('a ha 250 kg Ca ha I 00(10kg Ca ha-r 

Jumho 451 336 319Medium 457 262 579Number I III 737 446Splits 
 162 
 319 370)
Othor edible 1427 505 847Oil stock 4814 3218 3093 
1 , dtih\, 

) ,1 d jjlh ,l 12 liw.ltL.k I 1w.it" w , i i I., I 'ia ix IIkIII\ ,I 

"ource ( oleet j 19X7 

immature groundnuots to contamination. Mature groundnuts possessed resistance to contanination that could not he attributed solely to phytoalexin production. Kernel moisture loss was
accelerated in the 29°C treatment compared to the 25°C treatment, and data indicated that thehigher soil ternpeattre also favored growth and aflatoxin production by A.lavus in groundnuts
susceptible to contamination, becausc of their reduced Aw and inability to produce 
phytoalexins. 

'Table 6. Phytoalexin production and aflatoxin contamination in five maturities of groundnuts fiom twodrought treatments, National Peanut Research Laboratory, Georgia, USA. 

Trt Total phvtoalexins (area counts) lotal aflatoxins (pg kg-i)
days Yellow I Yellow 2 Orange Brown Black Yellow I Yellow 2 Orange Brown Black 

29 Treatment 
17 
24 

31 
38 
45 
51 
59 

17000 
0 
0 
0 
0 
0 
0 

10 700 
13700 

0 
0 
0 
0 
0 

8 600 
11800 

0 
0 
0 
0 
0 

4800 
2900 

0 
0 
0 
0 
0 

92(10 
3200 

0 
0 
0 
(1 
0 

0 
0 
0 

861 
1190 
2419 
785 

0 
0 
0 

15 
624 
I18 

1915 

0 
0 
0 
0 
0 

329 
33 

0 
0 
0 
0 

12 
0 
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0 
0 
0 
6 
0 
0 
0 

25' Treatment 
18 
25 
32 
39 
46 
52 
60 
66 
73 
80 

11(000 
11500 
350(00 
3200 

0 
0 
0 
0 
0 
0 

4610 
11300 

500 
2(0(1 

0 
0 
0 
0 
0 
0 

5000 
4400 

0 
0 
0 
0 
0 
0 
0 
0 

7000 
5300 
4700 

0 
0 
0 
(1 
0 
0 
0 

1000 
6100 
6100 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
12 

784 
0 
0 
5 

1189 
0 

0 
0 
0 
0 
62 

447 
484 

8 
234 
291 

0 
0 
0 
0 
0 
0 
0 
13 

173 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
82 

Source (J rner etali19I 
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Conclusion 

Environmental contoil plots have been used to provide valuable information :iipreharvest 
allatoxih contamination ol groundnuits. Ihe optimlium soil stress conditions of mot:ture and 

tempcratLrc for allatoxin contamination have been elucidated. The plots provide valuable and 

conclusive test facilities to evaluate potential resistance strategies For preharvest allatoxil 
Collaminnation, including those tf so-called resistant varieties. 
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Session VIII
 

Research on Aflatoxin Contamination 

of Groundnut:Genetic Resistance 



Screening Groundnut Cultivars for Resistance 
to Aspergillus fla vus, Aspergillus parasiticus, 

and Aflatoxin Contamination 

R.E. Pettit', H.A. Azaizeh, R.A. Taber', J.B. Szerszen', 
and O.D. Smith' 

Abstract 

Screening groundnut cultivars for allatoxin resistance involves a consideration of the environ
mental conditions that favoractivity by the Aspergillus flavus group offungi. The plant tissues 
penetrated, time of penetration, and the physicaland biochemical factors that restrict invasion 
and atlatoxin formation also require consideration. Aspergillus-invadedcotyledonary leaves 
may be apimarv source ofinoculum. 

Developing shells ofall cultivars examined were easilv invaded; but penetration through the 
shell into the podcavitY varied with cultivar. Pods that formed linifiedsclerenchyma bandsearly 
in their development were less susceptible to hyphalpenetration than those without such bands. 
Kernel invasion is inlhuenced byv features of the hilum and seed coat. Small, covered hila, and 
compact seed coats itith a thick wax deposition are important in relation to resistance. The 
content of the seed coats and pods varied among cultivars. Inhibitory compounds in the 
cotyledons slow fungal growth or inhibit allatoxin formation. Tannin-like compounds ('imbel
lifrroneand methyl catechol) found in some groundnut seed coats were found to inhibit A. flavus 
growth and allatoxin formation. Electrophoretic separation under sodium dodecyl sulfate 
denaturation has revealed the presence of20 polypeptidcs that var' amongcultivars differing in 
susceptibility to A. flavus. Isolation of various plant constituents to detect the presence ofspecific 
proteins, tannin-like compounds, lignins,phytoalexins, and other compounds maycorrelate with 
levels of resistance and should be helpful in screening cultivars. 

Risume 

Evaluation des cultivars d'arachide pour leur risistance A Aspergillus fla vus, Aspergillusparasiti
cus et Al a contamination par les aflatoxines : L 6valuation des cultivars d'arachide pour leur 
rsistanceaux aflatoxines doit considrer les conditions du milieu favorables au dbveloppenient 
du groupe de champignons Aspergillus flavus. Les tissus v6g6taux infect6s, l'poque de la 
p6nbtration,ainsi que les 6l6ments physiques et biochimiques qui limitent linvasion et ]a forma
tion des alatoxines doivent 6galement &trepris en compte. Les feuilles cotyl6donaires infect es 

peuvent servir de source primaire d inoculum. Lcs coques de tous les cultivars 6tudi6s sont trbs 
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Pathology and Microbiology and 2. Professor. Department of Soil and Crop Sciences, Texas A&M University, College Station, TX 
77843-2132, USA. 
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sensibles Pinfection pendant leurdOveloppetnent;cependant, la p6ntrationdu champignonh 
travers la coque dans lIa gousse variescion le cultivar. La formation pr6coce des bandes sclren
chymatiques ligniewes rend les gousses plus resistantes Ala p6ntration des hyphes. L 'infection
des graines est iihluencv par les couverts d hile et du ttgument s6minal. De petits hiles et un 
tgument compact avec une couche cireuse cpaisse son! essentiels i a rsistance.La composition
d t6gument et de la gousse variescion les cultivars. I.es composes inhibiteursdans les cotyldons
ralentissent la croissancedu champignon ou liniient iatormation des allatoxines.Des substances 
de /i lamille des tanins (onbelliferone el methyl catechol) pr~sentes parfiais dans le t~gument
scminal permettent d'inhiber hi croissance de A. flavus. et la t'Ormation des atlatoxines. La 
separation electrophoretiqiic par hi denaturationdu sulfite dodecyl de sodium a rv6l6 la 
prsence de 20 pol/vpeptides qui varient en lonction de la sensibilit6 des cultivars A A. flavus. 
L isolationdes difkt'rents constituants de la plante alin de dtecter Ia prbsen e de proteines
spcitiqiues. de composes de la lmille des tanins, de lignines, de phytoalel ..,fs et d tutres 
coinposs pernetta d itablir tne corrlation avec le niveau de r6sistance, facilitant ainsi ]a 
s6lection des cultivars. 

Resumene 

La selecci6n dl. cultivares de cacahuate por su resistencia a Aspergillus flavus, Aspergillus
parasiticusy h contaminaci6n con aflatoxinas: Laselecci6ndecultivaresdecacahiiateporsu 
resistencia a las alatoxinasrequiere de la debida consideraci6nde las condiciones ambientales 
que ti vorecen el desarrollo delgrupo de bongos Aspergillus flavus. Tambibn deben tomarse en 
cuenta los tejidos vegetales in vadidos, Iaepoca en la coal ocurre la infecci6n,y los factores fisicos 
y bioquimicos que imiitan la invasiin del pat6genoy la formaci6n de a/latoxinas. Las hojas
cotiledonarias inkctadais por Aspergillus pueden constituir una fuente primaria de in6culo. 

Las c6scarasen desarrollode todos los cultivares estudiados fueron fcilmenteinvadidas;pero
lapenetraci6n a travcs de las ciscaras haciael interior de las vainas variaba de cultivat acultivar. 
Las vainas que firmaban franjas de vsclernquima ligniticadasen las etapas iniciales de su 
desarroilo fueron menos susceptibles a hi penetraciinde las hifas que aquellas que carecian de 
dichas franjas. La intensidad de invasi6n de la semilla varia con las caracteristicas del hilo y el 
tegumento seminal. La presencia de hilos pequefiosy cubiertos vde tegumentos compactos, con 
gruesasdeposiciones cerosas,son importantes en la resistencia de un cultivar dado. La composi
ci5n de los tegumentos vde las vainas varia entre cultivates. Compuestosinhibitoriospresentesen 
los cotiledones deprimen ci desarrollo hingoso o inhiben Ia formaci6n de a/latoxinas. Los 
compuestos de la familiade los taninos (umbeliferona y catecol metilico), que se id, itificaronen 
algunosde los tegumentos de semiiias de cacahuate, se observ6 que inhiben el desarrollo de A. 
flavus s la formaci6n de allatoxinas. La separaci5n clectrofor6ticapor desnaturalizaci6n con 
sulfato-dodecils6dico ha revelado Ia presencia de 20polip6ptidos en cantidades que varianentre 
los cultivates que difieren en sus susceptibilidad a A. flavus. La separaci6n de varios consti
tuyentes vegetalespara detectar lapresencia de proteinas especificas, compuestos dela familia de 
los taninos, las ligninas, las fitoalexinasy otros compuestos, quizh puedacorrelacionarse con los 
niveles de resistencia vpodria facilitar los trabajos de selecci6n de cultivates. 
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Introduction 

Some groundnut genotypes have shells and seed testae which resist penetration by Aspergillus 

flavus Link ex Fries and A.parasiticus Speare, thus reducing tile chance of subsequent aflatoxin 

production in seeds. In the late 1960s to early 1970s it was reported that the cultivars Asiriya 
Mwitunde, Kobaka (US 26), and TMV 2 exhibited some resistance to allatoxin production 

(Kulkarni et al. 1967, Rao and Tulpulc 1967, Nagarajan and Bhliat 1973). Subsequent studies 

indicated that these cultivars lacked resistance. The results may have been because the isolates of 

aflatoxin-producing fungi varied in their ability to produce aflatoxins, or due to un favorable 

conditions for a compatible host-pathogen interaction (l)oupnik and Bell 1969). 

Mixon and Rogers (1975) discovered that seed colonization by A./lavtus in 11 337409 and PI 

337394 F was lower than in the other germplasm accessions they tested. Bartz ct al. (1978) noted 

considerable variability in A. favus colonization of' different groundnuirt genotypes and that 

susceptibility varied with harvest dates and curing methods. Other reports have described 

structural and biochemical features of seed testac which could account for the observed 

differences in susceptibility (Bart/ ct al. 1976, 1978, LaPrade et al. 1973, Sanders 1977, Taberct 

al. 1973, Pettit ct al. 1977). Gcnotypes with resistant seed testac had compact palisade cellular 

arrangements, small liila, extensive surface wax, and a deposition of tannin-like compounds. 

Mehan and Mclionald (1984) reported five new sources of resistance, including cultivar .111. 

This cultivar exhibited resistance to kernel colonization. However, the kernels supported 
aflatoxin prod uction after invasion. Zambettakis et al. ( 1981 ) reported that the degree of natural 

A. flavu.s infection of groundnuts in Senegalese field plots was correlated with the rate of 

contamination of seeds artificially inoculated the laboratory. More recently, )avidson et al. 

(1983) reported that kernels ofcultivar Sunbeit Runner that was reported to exhibit resistance in 

a laboratory test were highly susceptible to A../laviu under field conditions. 
Florunner kernels were shown to have a moderate level of resistance to aflatoxin contamina

tion (Amaya et al. 1980). Evidence indicates that kernels of Florunner produce phytoalexins, 

compounds inhibitory to aflatoxin formation, so long as they are not subjected to drought stress 

([)orner et al. 1987). The development of phytoalexins in groundnut kernels has been reported 

by several researchers as one possible mechanisn of resistance to fungal invasion (Turner et al. 

1975, Inghiam 1976, Keen and lngham 1976, Wooton and Strange 1985, 1987). 

Our studies were designed to determine; the extent to which pegs, shells, and kernels of 

different groundnut cultivars are invaded by A.flavus and A. parasiticus, and the structural and 

biochemical features of groundnut plant parts that could be used for screening purposes. 

Materials and Methods 

Field trials 

Field trials were conducted in a South Texas field soil known to contain viable propagules of 

Aflavus. During the 1985/86 growing season, 20 groundnut cultivars (with some resistance to 

soilborne pathogens) were sown in a randomized complete block with 3-4 replications. Plant 

parts were sampled 3-4 times, either during the growing season, or at harvest, and after windrow 

or aritificial curing. In one trial the following plant parts were sampled: (1)aerial immature pegs, 

(2) pegs which had entered the soil, (3) immature pods (3 mm diameter), and (4) mature shells 

and kernels at harvest time. In another trial, the haulms of 20 cultivars were placed in windrows 

and inoculated with A.flavus and A. parasiticusconidia, and allowed to cure for 5 weeks. Plant 
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parts were surface sterilized by successive I-rin submersions in 70% ethanol, 10% NaOCI, and
sterile distilled water. They were then plated onto (Griffins medium (peptone, 5 g; NaCl, 60 g;
agar, 20 g; Rose Bengal, 33 ng; 1[0 1 L; streptomycin, 50 mg; and chlorotetracycline, 50 mg).
Following 6 10 days incubation the number of A.Vwrgillus spp colonies wits recorded. 

Microplot Trials 

Microplot trials were conducted in 30 boxes (90cm x 150cm x60 cm deep) subdivided to provide
60 microplots (90 cm x 75 cm). The bo'es were filled with sandy loan soil and covered with a
greenhouse-type polyethylene cover. Conidia of A. flavus and A. /)arasiti-us (1500 conidia g-I
soil) were mixed in the topsoil. Six groundnut cultivars were grown in a randomized complete
block with four replications. Iwo treatmernts were imposed on these plots: (I)a 15-day drought
stre,;s imposed I00 days atter sowing followcd by irrigations as needed, and (2) no stress
throughout the growth period. Pegs, shells, and kernels w%'ere sa mpled for fungal invasion, andseeds were analyed for atIlati xin content by a high pressure liquid chromatographic (I- LC)
techniqu (Pons and Fran/ 1978, Shepherd et al. 1982) using IIPlC." Model 510, (Waters
Millipore "orpor ation) a nd absorbance detector Model 44. 

Seed Colonization Tests 

Initially seeds of 50 groundnut cultivars were remoistened inia humidity chamber at 90:±2%
relative humidity (Ri) and 28 ±2 ' to determine the ability of A. parasiticusto invade these
seeds and produce aflatoxin. Following a determination of the degree of seed colonization, the
seeds were froien and replicate samples analyzed for aflatoxin using ItPIC. 

Tannin Extracts of Seed Testae 

Testae were removed from kernels of 23 cultivars and the tannins extracted with methanol.
Known weights of testae were ground in a Waring blender, added to 150 mil. flasks with 50 ml,of
methanol, and allowed to stand at room temperature for 48 h. A portion of the extract was used 
to determine (ie tannin content using the Folin-Denis reagent (AOAC 1975). A standard curve 
for tannic acid was prepared, and a spectrophomcter (760 rm) used to obtain comparative
absorbance levels. The remaining methanol extract " was dried under nitrogen at 40 C. The
fungistatic effect of tannin-related dried extracts (100 mg I.-') on fungal growth was tested after
resuspension in distilled water, filter-sterilization, aind addition toia liquid yeast extract sucrose
medium (YES). Flasks containing 5ml. of YES were seeded with itspore suspension of A.
parasiticus and incubated for 7 days. Mycelial mat dry weights were determined, and the YES 
solution assayed for aflatoxin by HIC. 

Composition of Seed Testae 

Testac of 12 groundnut cultivars were examined for the presence of phosphorus, sulfu.-,
potassium, and calcium. Testae were mounted on aluminum stubs, evaporatively coated with
carbon, and mounted in a JEOL 35 CF scanning electron microscope. X-ray analysis was 
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determined with a Tracor Northern TN 2000 energy dispersive X-ray spectometer system, 

operating at 15 KV. X-rays from the testae were collected and computer-analyzed according to 

their respective energies to provide an elemental signature of each test sample. Computer
generated curves showed the relative levels of the four elements. 

Protein Composition of Kernels and Shells 

Kernels and mature shells from the foi. .wing groundnut cultivars were tested: Starr, PI 341885, 
P1 337409, Tamnut 74, Florunner, TX AG3, Toalson, TX 798736, 73-33, and 73-30, Pronto, PI 

343419, PI 337394 F and 55437. The testac and embryonic axes were removed and the 

cotyledons wcre ground in a pestle and mortar. The shells were finely ground in an electric 

grinder. Samples were extracted with a buffer containing 10mM Tris-HCI, 1 mM EDTA (pH 

8.0), then filtered and centrifuged at 20 000 g for 30 min. After adding anionic detergent-SDS 
(2.5% wi v). and 2-mercaptoethanol (5.0% v/v, to red uce disulfide linkages) samples were heated 

for 5 rnin at 100'C, bromophenbol blue was added, and they were subjected to polyacrylamide 
discontinuous gel electrophoresis. The gel buffer in both zones contained 0.112 M acetate and 
0. 1 !2 M Tris, p1H 6.4. Theelectrophoresis buffer system consisted of'0.20 M Tricine, 0.20 M Tris, 

and 0.55 %SI)S. The gel stacking zone consisted ofan acrylamide monomer and the crosslinker, 

was 4.5% T, crosslinker 3% C, and the gradient zone was 8-25%. Isoelectric focusing of 

groundnut cotyledonary proteins included: (I) sample preparation of ground cotyledons in 

presence of buffer containing 0.I M iris (hydroxymethyl) aminomethane, 0.1 M KCI, 0.005 M 

EDTA, 0.04 M 2-mercaptoethanol, and 0.1 I sucrose; (2) filtration of the sample; and (3) 

centrifugation. Proteins were separ: ted in a pH gradient gel matrix (43 x50 "0.35 mm with a 37 

mm separation length) containing 5%and 3% C, along with isoelectric point protein markers. 
T!' gels covered a pH gradient from 3 to 9. 

Pod Maturation Rate Trials 

Pods of five groundnut cultivars were periodically harvested from field plots during the growing 
season to obtain pods from nine maturity classes. Pods were introduced into a humidity 
chamber (90±5',. RH, 24-28°C) and inoculated with spores of A.flavus. Following incubation, 
pods of each maturity class (with and without A. flavus inoculation) were dehydrated, 
embedded in paraffin, sectioned, stained for fungal hyphae and structural features, and photo
graphed in cross section. 

Results and Discussion 

Field Plot Trials 

The isolation frequency of A. flavus from aerial pegs of field-grown groundnut cultivars was 

relatively high (13-32%) and for soilborne pegs lower (5-22%) (Table I). The decreased recovery 
of A.flavus following Eail penetration is attributed to an increase in the activity of other fungi 
which grew from these pegs. Examination of immature pods revealed a similar recovery rate 

(10-27%) of A. flavus. As the pods matured the incidence of A. flavus increased. All pods 

appeared to be equally susceptible, with a recovery rate of20-72%. Some differences were noted 
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Table 1. Isolation frequency of Aspergillusflavus ingroundnut plant parts collected from field-grown 
plants, 1986. 

Isolation frequency of Aspergillusf/lavus' 
Aerial Soil Immature Mature Mature 

Cuh ivar pegs pegs shells shells kernels40NMMM 
UI- 73-4022 (610) 16 22 15 20 10All 7223 22 12 12 33 1011337409 28 12 12 23 12.iII 20 10 18 32 755-437 18 10 27 38 2Toalson 32 10 10 72 15i,alson x UF 73-4022 (736) 13 7 10 27 5I) '65553 , Taninut 74 (157) 22 5 10 70 0 
I isolat,,)n Irequenicy reported as a ntear. of three replication where 20 plant parts were tested for each replication. 

in the dcgree of mature kernel infection. Kernels of 55-437 had 2% infection and those ofselection 157 (from a cross of PI 365553 x Tamnut 74) were free of A. flaus.I he recovery rate of A.f/lavis from mature pods decreased following windrow curing andvaried from 0--13t% at 2 weeks to 3-8% at 5 weeks (Table 2). The reduced recovery rateappearedto be related to an increased recovery rate ofother fungi. During windrow curing, environmental 
conditions did not favor A. flavus growth.

At digging, half of the groundnut hauhns from each plot were bagged and forced-air dried.After drying the infection levels remained at a relatively high level (23-72%) (Table 2); theselevel being similar to the recovery rates noted at lifting time (Table I). The extent of kernelintection following forced-air drying remained fairly constant (0-15%). Kernels of 55-437showed 2% infection whereas kernels of selection 157 (from a cross of PI 365553 x Tamnut 74) 
were free of A../lavis.


Kernels from windrow-cured samples had 
a low incidence (0-13,'J) of A.flavus infection
(Table 3). Kernels from some cultivars, bagged at digging and then forced-air dried, had a higher
 

Table 2. Isolation frequency (%)of Aspergillusflavus from pods and groundnut kernels harvested from

fields plots, 1986.
 

Windrow dried 
2 weeks 5 weeks Forced-air slow dried

Cultivar Pods Kernels Pods Kernels Pods Kernels 
Toalson x UF 73-4022 (731) 13 2 3 22 30 5AH 7223 0 10 7 15 33 10UF 73-4022 (610) 8 0 7 12 20 101I 365553 0 0 5 10 7055-437 03 0 3 7 38 2PI 337409 5 2 10 3 23 12i I 8 3 3 0 32 7Toalson 8 2 8 0 72 15 
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Table 3. Isolation frequency of Aspergillus flavus detected in 
groundnut kernels harvested from field-grown plants, 1986. 

Isolation frequency (%) 

Forced-air Windrow dried 
Cultivar dried 2 weeks 4 weeks 
Starr 28 0 1 
Toalson x UF 73-4022 (956) F, 
G-A 7045 F,, 
Tamnut 74 x P1 337409 (922) F, 

21 
19 
18 

0 
5 
0 

3 
0 
0 

Tamnut 74 x P1 337409 (921) F, 5 3 I 
Tamnut 74 
Toalson 
Toalson x UF 73-4022 (736) 

5 
4 
3 

3 
3 
I 

I 
3 
I 

G-A 7404 F,, 
G-A 72115 F 4 

1 
I 

0 
0 

I 
13 

P1 337409 
Toalson x P1365553 x Tannut 74 

I 
0 

2 
1 

0 
0 

Toalson x UF 73-4022 (472) 0 0 1 
T x 771108 0 I 0 
Tamnut 0 0 1 
I. 	 1Isolaion freqiericy reported as amean ol fourreplicationswhere 20groundnut kernels 

%4eretested in cach replication. 

incidence (0-28%) of A. flavus infection. Aspergillusflavus recovery from kernels of several
Texas breeding lines was equal to, or lower than, those from the cultivar PI 337409. 

Microplot Trials 

The recovery of A.flavus from shells harvested directly from the microplot soil at lifting ranged
from 22 to 91%, a relatively high recovery rate that was higher in 1986 (Table 4). These data 
suggest that under high inoculum levels, invasion of sbkiis is quite extensive and the short
drought-stress treatment imposed failed to significantli increase A. flavus incidence. 

The degree to which kernel infection was influenced by the imposed drought stress was more
significant. Kernels of cultivars 55-437, PI 337409, and J II from the stress treatment were more
frequently infected. Levels ofaflatoxin detected were relatively low (0-22.pg kg-', indicating that
physiological conditions did not favor aflatoxin formation. The interrupted 15-day stress period
encouraged A. flavus invasion of the kernels. However, it was not favorable for continued 
A.flavus growth and aflatoxin formation. 

Seed Colonization 

Distinct differences were observed in the degree of A.parasiticus infection of re-moistened seed
ofdifferent groundnut cultivars. Seed of PI 337409 were the most resistant (8%of the seed werecolonized by 7 days). Kernels from a cross of Tamnut-74/ PI 337409 (84B3820) were the most 
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Table 4. Influence of soil moisture regimes on the incidence ofAspergillusfiavus,Aspergillusparasiticus,
and aflatoxin contamination of groundnut kernels harvested from covered microplots, 1985 and 1986. 

Isolation frequency (. Aflatoxin content 

1985 1986 (pg kg-') 
Cultivar Moisture regime Shells Kernels Shells Kernels 1985 1986 
Starr Stress' 37 17 77 I1 11 0 

Optimum 36 23 91 6 0 8 
Toalson Stress 30 13 73 7 7 4 

Optimum 38 13 91 I 0 13 
55437 Stress 42 34 87 15 0 16 

Optimum 28 6 70 10 0 16 
P1 337409 Stress 34 18 79 14 22 4 

Optimum 22 6 78 4 0 6 
i il Stress - - 69 13 - 8 

Optimum 81 3 4 
I. I'ftecn of drought sires initiated 100 day%alter sowing follosda.,% 
 cd by optimurn irrigatiuom. 

Table 5. Seed colonization by Aspergillusparasiticus and aflatoxin 
production in different groundnut cultivars. 

Seed colonized Aflatoxin production 
Cultivar (%) (jug kg-') 
Tamnut 74 x337409 (84B 3820) 871 153.22 
US 330 81 336.1 
Tamnut 74 337409 (84B 4366) 77 252.8 
Toalson 62 433.6 
TMV 2 56 75.1 
US 822-1 51 57.5 
Florunner x Tamnut 74 48 147.2 
US 216 41 124.3 
Manfredi 107 39 123.8 
Florunner x P1 337394 38 151.2 
TAG 3 35 53.7 
J II 35 54.4 
Starr 34 83. I 
55-437 25 60.3 
Florunner II 32.7 
PI 337409 (86B 3209) 8 9.1 
t. Kernels incuhated for 7 days at28±2-C and 90-2C R1. 
2. Mean of three replications. 
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severely colonized (87%) (Table 5). 55-437 and Florunner had 25% or less A. flavus seed 
colonization. 

Aflatoxin levels in kernels ranged from 9.1 mg kg-' for kernels of PI 337409 to 433.6 ,g kg-' for 
kernels of Toalson. Kernels of. I I had 35% infestation and an aflatoxin content of 54.4 pAg kg-'. 
Kernels of Florunner also contained a relatively low level of aflatoxin (32.7 pAg kg-'). 

Tannin Extracts of Testae 

The influence of tannin extracts from kernel testae on the growth ofand aflatoxin production by 
,,I. in Table 6. Mean dry weight of mycelial matsparasiticus in a liquid culture is summarized 
from the control flasks was 0.33 g. The lowest mat weights were from flasks containing tannins 
from testae of 55-437, US 216, and selections from three crosses (Florunner x "amnnut 74, 
Florunner x 11 337409, and Tamnut 74 x PI 337409 (84B 4366). 

The infltence of tannin extracts on allatoxin production was more pronounced. Extracts 
from testac of 10 groundnut cultivars significantly reduced aflatoxin levels. Extracts from testae 

Table 6. Influence of tannin extracts from testae ofdifferent ground
nut genotypes on growth of Aspergillus parasiticus and aflatoxin 
production. 

Mycelial dry Ailatoxin production 2 

Genotype mass (g)l (jg kg-') 

PI 337409 (8611 32t09) 0.29 83.1 
US 330 0.28 107.9 
US 822-1 0.28 115.2 
TX AG3 (P1365553 Seln.) 0.26 78.5 
Florunner ,Tamnut 74 0.22 80.9 
Florunner ,337394F 0.25 110.8 
TMV 2 0.30 121.0 
US 216 0.22 91.4 
Manfredi 701 0.29 85.7 
lamnut 74x337409 (84B 3870) 0.29 I18.9 
Starr 0.31 90.3 
l-lorunner 0.27 74.9 
55-437 0.24 95.4 
Taimnut 74,337409 (84B 4366) 0.23 116.9 
1 II 0.30 75.0 
A721 18 0.28 107.3 
loalson 0.30 81.2 
Control 

Water 0.33 116.3 

LSD (a=-0.005) 0.05 15.2 
" 

I. Growth for 7 da)% at 28'( . 
2. Nean of 3 replication,. 
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Figure i. Elemental signature of testa of the groundnut cultivar Pi 365553 detected by energy dispersive 
X-ray analysis. 

of Florunner caused a reduction in aflatoxin production. In addition, extracts from testae of thefollowing cultivars caused significant reductions in aflatoxin production: PI 337409, PI 365553(TX-AG3), Starr, 55-437, J I, Toalson, Manfredi 701 (cv 129), and a selection from the cross 
Florunner x Tamnut 74. 

Elemental Composition of Seed Testae 

The elemental composition of testae, as detected by energy dispersive X-ray analysis in terms offour major elements present (those above sodium in the periodic table) inciuded phosphorus,calcium, sulfur, and potassium. Differences among cultivars were found in the elementalcompositions of the testae. For example, testae of PI 365553 contained relatively high levels ofphosphorus, sulfur, and potassium, and alow level of calcium (Fig. 1). In contrast, testae of PI337409 (Fig. 2)contained intermediate levels of phosphorus, sulfur, and potassium, and ahigherlevel of calcium. The increased resistance of testae of PI 337409 to A.fflavus invasion may bepartly attributed to its increased calcium content. 
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Figure 2. Elemental signature of lesta of the groundnut cultivar P 337409 detected by energy dispersive 
X-ray analysis. 

Protein Composition of Kernels 

Electrophoresis in presence of SDS. Thirty-four proteins were separated from groundnut 
cotyledons. The majority of the proteins had molecular weights (MW) between 12 100 and 94 
000. Using silver staining, it was possible to identify very low quantities of proteins which had 
MWs between 102 300 and 218 700. Electrophoretic patterns of proteins and variations among 
cul:-/ars are shown in Fable 7. Florunner cotyledons lacked a significant protein. 

Mature shells contained fewer proteins compared to cotyledonary proteins. Sixteen major 
proteins were idertified with MWs between 82 000 to 190 000. Shells of P1 337409 and TX 
798736 showed different protein patterns from those of other shells. 

Isoelectric focusing (JEF). lsoelectric focusing revealed 40 distinct protein bands which had 
isoelectric points (pl) between pH 3.5 and 7.9. Cotyledonary proteins of Florunnerand Tamnut 
showed different pl patterns compared to other groundnut cultivars. The quantity of proteins 
showing the same pl varied among cultivars. 
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Table 7. Electrophoretic analysis of groundnut cotyledon proteins in 13 cultivars. 

very low 

Protein 
molecular 
weight 

Cultivar' 
minus 

protein 
band 

Quantity 2 Protein 
of molecular 

protein weight 

('ultivar 
minus 
certain 

protein hand 

Quantity 
of 

protein 

Protein 
molecular 

weight 

Cultivar 
minus Quantity 
certain of 

protein band protein 
12 100 
15 200 
17000 
18000 
19300 
21900 
24000 
26900 
28800 
30000 

-

-

-

-

-

-

-

-
-

-

high 
high 
high 
high 
high 
high 
%cry high 
moderate 
moderate 
moderate 

33 100 
34 700 
37100 
40700 
43600 
51 500 
56200 
60200 
65300 
69200 

Florunner 
-

-

-

-
-

-

Starr, 

high 
high 
very high 
very high 
very high 
moderate 
moderate 
moderate 
very high 
low 

76 700 
81 200 
82200 
90 100 
94000 

102300 
109600 
116 100 
120200 
142900 

-

-

-

-

-

-

-

-

-

73-30 

moderate 
moderate 
moderate 
high 
high 
very low 
very low 
very low 
very low 
very low 

PI 341885, 
TX-AG 3, 

30900 high 71600 
Toalson 
Starr, low 215200 PI 337409 very low 
P1 341885 
TX-AG 2, 
Toalson 218 700 .P 337409 

I. Cultivars imestigated: Starr. Pt 34185 . Pt 337409, Iannui, I'-orunner. I X-A( I. 1oaf son. 55-437, IX 798736. 73-33. 73-30. Pron to,
and P 1343419. 

2. Quantity estimated according to ntensity scale: cr. hugh, high, moderate, low, %crylow. 

Pod Maturation Rate Trials 

The rate and degree of lignification in the sclerenchyma tissues differed among cultivars and
maturity classes. Sclerenchyma bands developed earlier and thickened more exlensively in
Toalson and P1 365553 compared to Starr and Florunner. 
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Resistance of Groundnut Varieties 
to Aspergillusflavus in Senegal 

F. Waliyarl and A. Bockeli&e-Morvan 

Abstract 

In lir rainyseasons(1977-1980) sonw 40groundniit genotypes wvere screened for field resistance 

to seed invasion by the atlatoxigenic 'ungus. Aspergillus flavus in trials at Bambev and Darou 

research stations in Senegal. Signflicant varietaldifirences uere observed at Iarvest in respect of 

levels of naturall occurring seed infestation by A. flavus. Field resistances it-ere positively 

correlated with previously measured resistance to in vitro seed colonization by A. flavus in 

laborator inoculation tests. , 

The conmmercially grown variety 55-437 had high levels of resistance to A. flavus in both field 

and laboratory screening, while two other varieties (73-30 and 73-33) also grown itSenegal had 

moderate levels of resistance. 
In associated investigations it was fiound that genot'pes with seed resistance to A. flavus had a 

lower proportion of A. flavus in their rhitosphere my'coflorav than had genot'ypes susceptible to 

seed invasion by this fungus. Varieties, through their efkcts on rhizosphere m'cotlorae may 

influence the conposition of the soil mncoflora ofgroundnut fields. 

Rcsumi 

Recherche sur la risistaiace des variktis d'arachide A Aspergillus flavus : Une quarantaine de 

genot'ypes ont lt 6valuts au cours de quatre campagnes pluviales (1977-1980) pour Ia sclection de 

tnatbriel rcsistant ;)'invasion des graines par le champignon alatoxinogineAspergillus flavus 

dans les champs. Ces essais ont 6t entrepris sur les stationsde recherche de Banheyv et de Darou 

autSenbgaL. Des dif'h.rences variktales significatives ont tt observbes dans /c taux de contan;na

tion naturelle des varibts Ala recolte. Ily a ine correlation positive entre a rcsistancedans les 

champs et larobsistance nesujre anterieurement ila colonisation in vitro par A. flavus au cours 

des tests d'inoculation,rialissau laboratoire. 
La varit cominerciale 55-437 s'est tnontr&e tri's rosistante i Ia lois dans les chanips et ai 

laboratoire.Deux autres varitbs(73-3o et 73-3.?) 6galement cultivees au SMtgalprlsententune 

resistance mnovenne. 
I) j.-, urcentarzf 'A. flavus dans la nvcotlore de Ia rhilospht"reest inkrieurpourIrc part. le. , 

lesginoiypes resistant AIiinvasiondesgraines par A. flavus par rapport aux genoti'pessensibles. 
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Coipte tentu dv Iinivraction entre les vlarri&ts htimcollore do lenr rhitosphre. celles-cipeuevnt ,galvi;nvnt nlhinvvr a composition do la mycollore d sol des champs d arachide. 

Restimene 

La resistencia de variedades de cacahuate a Aspergillus flatus en Senegal : Durante calitroIvnporadas dv lluvias (1977-1980), apro.imiadamvtnt 40 gonotipos dv vavabhato feron evalnadosy selvcvicnldos por sitrcsistencia.hajo condicionesdv camplo. a hain rasiindo sos semilhs,orei hongo alhito.\ ,nico Aspergillus Ilavus. en prvtth-as realtdts en his vstaiones evperimentales dv BIlamb.v s D)aroot'i .t'vntgal. So oh.sraron difrv'nvjkas svnilivatj'va'dsvn1trC lis varivdades esttdiatdds vilv/ notnnto do Ia cos cha, vitlos nitvlvs dv inlvvc;6n con A. Ilavtls queocur r i en lase iila baijo condicio ocs dc campo. ILas resistencias de ca in po observadas resultaron estar positivamenlc correlacionadas con las rcsistencias a hacoloni/aci6n de las semillas porA. flavu:s, oh.sr''adasprt iaintt halocondicionws in vitro en piruvebhas dv'inotvulaviciinrealizadais 
on v/ iahoratorio. 

L.a 'arrvdad convtrcaI..-4.7to,'to.nivl/s dv rv.istvnvia aA. flavtus, tanto vii las pruebascono
dv"t'alitnpo dvlbor;to-o,tiva'trasqticvotras dos 'arivdades(73-30,v 73-..?).quv tanbinsvsivnbran in Senegal, so]mvnt tut ivron tivlhes ilvdianos do tvesllstcvnia.En in ivstjaionvsconyphlvntarias,sv ht vncontIrado (i lios genotiposqte posen resistencia on sits svmillas a A. flavius tonian ina nienorcantidaddv A. flavus on i microllora dv susrhiloslvrasqtv los egnotipos sus'vptihlvs a Ia intasihin dv sus semillas por el hongo citado. Lasditrvntvs varitvdades. a travus do los tlkctos sobrv imniollora do sus rhi oskras,pueden inlluiroiia tomposiviin dovh Imivollora dv los cinpos taahlateros. 

Introduction 

Groundnuts arc %cryimportant to the economy, of Senegal, both for local consumption and forexport to obtain foreign exchange. The significance of the aflatoxin problem ingroundnuts inrelation to public health and to the future of the export trade has been recognized in Senegal.IHigh priority was given to research on the problem and this was undertaken in a collaborativeprogram involving the Institut senegalais de recherches agricoles (IS RA), the Institut derecherches pour Ic. huiles et oleagineux (IRHO). and the Cryptogamy Laboratory of the Muse&national d'histoire :i turelle (MN HN) in Paris. This paper describes some of'thc research carriedotd during the years 1977 79 on varietal resistance in groundnut to seed infection by theaflatoxin-producing ..sv,,illu(.avtls Inik Fries together with preliminary studies in1981 82 of 
cx 

the rhi/osphere mycofloras of two genotypes, one resistant and one susceptible to
seed infection by A. luvu.%. 

Materials and Methods 

Varietal Trials 

During the rainy seasons of 1977. 1978. and 1979, two field trials with 36 groundnut genotypeswere carried out at two locations (Bambey and Darou) in Senegal. At each location, one trial 
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one month later. Genotypes ranged in 
was sown at the normal time and the other was sown 

when judged optimumwere harvested to have attained
duration from 90 to 130 days, and 

maturity. 
Bambev is in the north central region of Senegal where the rainy season is short (104±34 days) 

+ 18 days). Soils
whereas Darou is in southern Senegal and has a rather longer rainy season (115 

at Bambey are light and sandy, and at Darou are typical Alfi! ,1s. 

Trials were laid out as randomized blocks with two replications of treatments (genotypes). 

Five seeds were sown in each hole at 40-cm spacing along 50-cm wide ridges. Plots were 

composed of six ridges, each 6m long. 
in the field until seed moisture contents were

After lifting, plants were dried in windrows 

below 1('j. Samples of undamaged, mature pods were collected from each plot for testing for 

natural seed infection by As1wrgiliu/7avus , and for screening for resistance in rehydrated seed 

to colonization by A..lavus. 
.lavus,300 undamaged mature pods were

To determine natural infection of seeds by A. 

handshelled and the seeds surface sterilized by immersion for 3 min in a 0.2% aqueous solution 
water the seeds were trans

of sodium hypochlorite. Following three rinses in sterile distilled 

ferred aseptically onto moistened filter paper in sterilized petri dishes. The dishes were incubated 

at room temperature (25± I°0C) for 7days and fungi growing from the seeds were identified and 

recorded. 
The method of Mixon and Rogers (1973) was followed to determine resistance to seed 

colonization by A. lavus in laboratory inoculation tests. Seeds sterilized as described above 

to 20"i water content and surface inoculated with a suspension of spores of 
were hydrated 

°C for 7daysand the
A..lavus. The inoculated seeds were then incubated in petri dishes at 25± 


numbers of seed colonized by A..fia'us were then recorded.
 

Rhizosphere Studies 

Two groundnut genotypes, 55-437 which had been found resistant to seed infection by A.flavus, 

and 75-16 (PI 343419) which had been found susceptible to A..lIavus, were grown in the 1981 and 

1982 rainy seasons at l)arou. On the day of sowing. the soil mycoflora of the field was examined, 
15 days later and then at 15-day intervals until

and the rlizosphere mxcoflora was examined 

taken at each examination from each of three replicate plots. 'he
 

harvest. Three sanples were 
potato dextrose agar medium.

soil dilution plate technique was employed using acidified 

Colonies of various genera of fungi were subcultured onto specific media for identification to 

were described both quantitatively and
species (Rouxel 1978, Alabouvette 1983). Mycofloras 


qualitatiyely.
 

Results 

Field and Laboratory Screening 

Full information on all varieties screened for natural seed infection by A..lavus and for reaction 

to seed coloni/ation has been presented in a series of publications (Waliyar 1978, Zambettakis et 

1981). In this paper we review data from work in 1977, 1978 and 1979 on 36 genotypes
al. 1977. 

that were common to the trials.
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Natural seed infcctionifwit I..I.f./ .1.was greater in tfie late sO%\ings than in tile earlier sowingsI all but the 1977 trials ii Iam bey where in lel ion was Inuch higher in the seeds from the earliersowing (Table I). l'uis result froml1ambhcy was probablyd iue tolate stages of pod heIdrought that occurred in themattiuratiton 
highest in 

in the early-sown crop. Mean leveIs of" .-l...vu..,. inlfection1978 which was a drought were,,'ar in Senegal. lhis again is a strong indical" iinfluence ot'drought as to thestress oil seed infection. Olower thain average 
the 36 genotN pes scored, 5 showo significantlylevels of .A.lavi. seed in.feetion,genotypes and the mean inlection levelsover 'ears are f'or thesecompa red withlthose of the susceptible control cultti\var Pf 343419.Three oI hl resistant genotypes, 55 437, 73 30, and 73 33, arc released coniierciil Cultivars inSenegal, 55-437 being the most widely grown.The m ea i h\cels of .I.A. lli.. infection for coimhiu ed genotypes wereBlambey than in t)arou, and this generally higher inwas also thle caseThe genotypes with holo leels of natura 

I'Or the resistant genotypes (lables I and 2).seed in fection by ,.fa r.levels of.seed coloni/ation by this fingus in laboratory inoculation tests (Walivar 1978). l)ales ofsowing influenced seed coloni/ ,'ton by A.l/hr.. in inocukation trials for all genotypes, levelsbeing higher from seed produced by the late-sovn crops. This is thought 

had lower than average 

higher sccd testa dan age to he occasioned byccurri in thle late-sown material, which results from greater droughtstress in that material and possibly quicker drying of plants later ill thec vear. 
by 

In addition to varictal dilerences, other factors also playia role in the contamination of'seed..I.Iava,. Among these factors soil tylpe (M.haln ctt 1,i 1986) influences the groundnut 

Table I. Field contalmination ? .h)AyergillusflIus of groundnil seeds from Io sovings, Ifainbe\ findt)arou, Senegal, 1977-79. 

Com iln11.__l[lit e ,ed (1i)
flatin h %y 

I)iroil
Year Ist so ig1977 

2 l1d Sur g Ist No\king 2nd sowing23.5 9.11978 9939.4 .212.51979 19.19.2 30.320.3 3.2 18.1 

Table 2. lField eotiariilliOl tf arious groun(ttlgtot,. p)" h) .'l.slprgi/lhq.sft,u.s.,llabey lalnd)arou,Senegal, 1977-79, 

(omaifill seed (t 'd ) 

fli hee(ilotl lpes Isi so ring 2nd )l rou ,, nngIll 33~74(09 Ist so1.2.1 rig 2nd sowing1.-0 
0. 14 .40Il 337394 I 1.4355-437 2.57 (0.370.84 2.3 00.7473-3 0.30).54 0.900.,773-33 0.430.57 2.303.1 0 0.22PIl3434191 0.564.13 5.09 1.81 9 49 

. 108l hh+' g. . 
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infection. Other factors such as damage caused by different insects, termites, and millipedes 
facilitate seed infection by A. favus. 

The underground development of groundnut pods makes them particularly vulnerable to 
attacks by different fungi likely to facilitate ,.//avus contamination. Soil mycollora increases in 
the presence of groundnut and this may influence the next crop's reaction to diseases. 

Rhizosphere Studies 

Comprehensive reports on studies on groundnut rhizospheres have been published by Waliyar 
1986a, 1986b). From 45 days after sowing (DAS) until harvest, numbers of fungal propagules 

per gram of dry soil were considerably higher in the rhi/osphere of the A. /iavus-susceptible 
cultivar 75 16 than in the rhiizosphere of the A. flavus-resistant cultiar 55 437. Numbers of 
species of fungi present in the rhi/osphere were also greater in the cultivar 75 16 from 45 DAS. 
These changes in numbers and composition of the components of the rnycofloras may be related 
to the onset of pod development. 

Numbers of propagules of ,A.fllavus g-' of dry rhizosphere soil were fairly similar for the two 
cultivars at the first three times of sampling but in the samples taken from 45 l)AS until harvest 
the numbers were higher for the susceptible cultivar 75 16 (Table 3). 

Table 3. Numbe, J propagules (x 1if) of A.pergillusfiavusg-1 dry 
rhizospbere soil, Senegal, 1981. 

lime of sampling (I)AS)P 

Varietv 15 31 45 60 75 90 

55-437 8 3 7 4 12 24 58 
75-16 4 2 6 14 82 42 96 

1I ),\ IlD 1% ,lie! ' .lig 

Conclusions 

lhe varietv 55-437. which is a commercial variety of excellent agronomic character, well suited 
to conditions in Senegal, is a., resistant to natural seed infection by the allatoxigenic A. flavus as 

the two resistant genotypes P1 337409 and P 337394F. The varieties 73 30 and 73 33, also 

commercial varieties in Senegal, have tolerance to seed invasion by A../hI'v and are also 

drought tolerant. lhe three varieties now represent around 80; of the groundniut crop area in 
Scnega. and their use on this scale should have a significant ef fect in reducing the overall 
allatoxin contamination levels in Senegal's groundinut crop. 

The positive correlation found between resistance to natural infection in the field and 
resistance in laboratory inoculation tests indicates that either method could be used in evaluat
ing groundnut cultivars and breeding lines for seed resistance to infection by A. flavus. 

lhere are indications that varieties mav have differential influences upon the buildup and 
constitution of soil mycollora including A..flavu.. Effects may be manifest on the infection of 
pods and seeds of tie growing crop or on those of subsequent crops. 
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Occurrence of Aflatoxins and Aflatoxin-producing
 
Strains of Aspergillus flavus in Groundnut
 

Cultivars in Egypt
 

Kh.Naguib l, M.M. Naguib2, M.M. Diab3, A.F. Sahab3, 
and H. Amra2 

Abstract 

The use ofgroundnut cultivarsresistant to seed in vasion and colonizationby Aspergillus flavus is
 

apossible means ofpreventing or reducing contamination by aIlatoxin. Twenty-onegroundnut
 

cultivars obtained from the International Crops Research Institute for the Semi-Arid Tropics
 

(ICR ISA T). Patancheru,.Andhra Pradesh, India, and one cultivar(Giza 4)from Egypt included
 

alocal susceptihle control, were tested for their ability to support ailatox'nproduction. All the 

cultivars supportedproductionofalhtoxinsBI and 1,. although the amounts produced diflered 

between cultivars. The lowest level of total alatoxin production being 19 180g kg-' seed in 

cultivar Ah 7213, and the highest 44290 pg kg-' seed in cultivar Giza 4. 

Risum 

Prisence d'aflatoxines etde souches aflatoxinog nes d'Aspergillus flavus dans des cultivars 

d'arachide en Egypte: I. 'utilisationde cultivarsdtirachider&sistants lintvasion et Ala coloni

sation des semences par AsIpcrgillus flavus est un moven pour empkcher ou rduire la con tamina

tion par les aflatoxines. Vingt-et-un cultivars obtenus de I'ICR ISA Ten Inde et un cultivar (Giza 
testes pour leurcapacit6 ;i&trecontamin6s4)provenant d'Fgype. qi servait de t6moin, ont tt 

par les alatoxines. Tous les cultivars peuvent &tre contamins par les atatoxinesB, et B2. Les 

quantit~s produites varient cependant selon les cultivors. Le taux le plus bas de Ia production 

totaledes aflatoxinesa t de 19 180pg kg-' degraines(cultivar A h 7223) et le taux leplus 6levb de 

44 290,pg kg't (cultivar Gi,,a 4). 

Resdimene 

La presencia de aflatoxinas y cepas aflatoxin6genas de Aspergillus flavus en cultivares de 

en Egipto : El uso de cultivares de cacahuate que son resistentes a Ia invasi6n ycacahuate 
colonizaci6n de la semilla por Aspergillus flavus, es un posible medio de evitar o reducir ]a 

contaminaci6n con aflatoxinas. Veintidn cultivaresde cacahuate obtenidos del Instituto Interna

l.I'rofessor and Head, Food and Dairy Technology Laboratory, and Mycotoxins Laboratory, 2. Professor and Research Scientist, 

Mvcotoxins Lahoratory, and 3. Professors, Pests and Plant Protection Laboratory, National Research Centre, Dokki, Cairo, 

Egypt. 

Citation: ICRISAT (international Crops Research Institute for the Semi-Arid Tropics). 1999. Aflatoxin contamination of groundnut: 

proceedings of the International Workshop, 6-9 Oct 1987, ICRISAT Center, India. Patanchcru, A.P. 502324, India: ICRISAT. 
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cional de Investigacitnsobre Cultijvos en los Tr6picos Semiiridos (ICRISA 7), PatancheruAndhra Pradesh, India, y un culti'ar(Giza 4) de Egipto,queseincluy6como controlsusceptiblede origen local, se probaronpara evaluar su capacidad de generaratlatoxinas. Todos loscultivaresgeneraronlas alatoxinasB, yB,, aunque lns cantiadesgeneradas viaron entrelosdiversoscultivares. El nivel mJs bajo de aflatovinas totales producidasfue de 19180,ug kg-' ensew illa del cultivarAh 7223; y el mis alto, 4 42 9 0ug kg-, de semilla, en el cultivo Giza 4. 

Introduction 
Groundnut (Arachish'pogaea L.) is one of the most important leguminous crops in Egypt andin many other parts of the world. Groundnuts are used for human consumption as confectionerynuts, edible oil, and processed as peanut butter, and for animal feed asIn oilseed cake.Egypt, the crop is cultivated in the governorates of Assuit, EI-Behera, EI-Minia, El-Sharkia, Giza, Sohage, and Ismailia.The Ministry of Agriculture estimated that the total cultivated area producing groundnut inEgypt was 12 147 ha in 1986 with an average yield of 2.15 t ha-'. Approximately 40% of thenational production is exported, and the rest is used for local consumption.Much attention has been focused on contamination ofgroundnuts with aflatoxins producedeither by Aspergillus.lavis Link ex Fries or A. parasiticus Speare. This is also a seriousproblem in many other parts of the world.
Garren and Christensen (1969) 
 reported that many aflatoxin-producing isolates of Aspergilhis spp can contaminate the groundnut fruit with aflatoxin, and most strains ofA.flavusand A.parasificuscan produce aflatoxin on groundnuts.
Mixon and Rogers (1973) 
 reported that two groundnut genotypes (PI 337394 F and PI337409) were resistant to seed colonization by A.flavus in laboratory inoculation tests. Mehanand McDonald (1983) suggested that the use of groundnut cultivars resistant to seed invasionand colonization by A..flavus could be a possible means of preventing or reducing contamination by aflatoxins. They found no direct relationship between resistance to seed colonization byA..flavts and the quantity ofaflatoxin produced when seeds were colonized by toxigenic strainsof
Thisthe fungus.paper reports seed inoculation tests carried out on a range of groundnut genotypes todetermine seed resistance to invasion and colonization bya toxigenic strain ofA.flavus, and theabilities of these genotypes to support aflatoxin production. 

Materials and Methods 

Source of Seeds 
Seeds were obtained from a combined nursery of the International Crops Research Institute forthe Semi-Arid Tropics (ICRISAT) and the United States Department of Agriculture (USDA).Seeds of II cultivars came from ICRISAT, Patancheru, Andhra Pradesh, India and Giza 4 wasused as a local susceptible control. Seeds of 10 other genotypes (A 7404, A 72118, A 7405, 
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A 7309, A 7223, A 7717, P1 337458, A 7715, A 7716, and Florunner) were provided by Dr A.C. 

Mixon of the USDA, Georgia Coastal Plain Station, Georgia, USA. 

The experiment was conducted in Ismailia Province, one of the two main groundnut

producing regions of Egypt. 
A randomized complete block design with two replications was used. Each plot comprised 

two 6-in rows and seeds were sown singly at 10-cm spacing giving a total of 120 seeds plot - 1as 

suggested in the ICRISAT International Groundnut A.flavus Nursery (IGAFN) guide. Seeds of 

all cultivars were treated with a Vitavax/Captan® fungicide (2 g kg-' seed) as seed protectant 2 

days before sowing. Recommended agronomic practices were followed, i.e., irrigation, fertilizer 

application, and application of insecticides and/or fungicides to the foliage as required to 

control pests and diseases. 
Cultivars were harvested at optimum maturity, and the plants were arranged in windrows in 

the field with pods exposed to the sun to dry. After windrow drying for 3 days, the dried pods 

were handpicked and stored in cloth bags in a well-ventilated room, with protection from insects 

and rodents until required for samples. 

Determination of Seed Resistance to Invasion and Colonization by A. flavus 

From the stored intact seeds of each plot 20-g samples of seeds were taken, placed in a clean 

beaker, and covered with a 0.5% aqueous solution of sodium hypochlorite. Seeds were soaked 

for 2 min, the excess solution drained off, and the seeds rinsed in two changes of sterile distilled 

water. The water was then drained off and the seeds hydrated to about 20% moisture content by 

soaking them for 10-15 min in sterile distilled water. Seeds were aseptically placed in a sterile 

9-cm diameter petri dish, and I mL of a spore suspension of the toxigenic A.flavus strain IMI 

187005 (approximately 4 x 106 conidia mL - 1)was applied. The spore suspension was prepared 

from 8-10 day-old cultures; the seeds were gently rolled around the dish to spread the inoculum 

evenly over their surfaces. The petri dishes were arranged over water in semi-rigid plastic boxes 

provided with closely fitting lids, and the lids were sealed with adhesive tape. The boxes were 

then placed in an incubator at 250 C. After 8 days, the seeds were visually examined for invasion 

and colonization by A. flavus by recording: 
a. the number of seeds per plate; 
b. the number of seeds with sporulating growth of A. flavus on their surfaces; and 

c. the degree of sporulating growth of A. flavus classified as sparse, moderate, or dense. 

The percentage of seeds invaded and colonized as shown by the presence of sporulating 
surface growth was calculated. 

Testing Efficiency of Seeds as Substrates for Aflatoxin Production 

The method used to determine seed resistance to invasion and colonization by A. flavus (IMI 

187005) was also used to determine the efficiency of seeds of the different genotypes to support 

aflatoxin production, but the boxes wer.e incubated at 25°C for 10 instead of 8 days. 

Aflatoxin contents of the groundnuts were determined using the Best Food (BF) method 

described by the Association of Official Analytical Chemists (AOAC 1980). 
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Results and Discussion 

Resistance to Seed Colonization by A. flavus 
The mean percentages of seed colonized by A.fla'us ranged from 31% in cultivar A 7405 to 96%in Giza 4 (Table 1). All cultivars differed in their resistance to seed colonization. The cultivars A7405, NC Ac 841, PI 337458, A 7223, UF 71513, and Ah 7223 were most resistant to invasion andcolonization of seeds by A. flavus, while Giza 4, Faizpur, A7404, Monir 240-30, and J 11, indescending order, were most susceptible.Sporulation and growth of A.lavus was dense on the seeds of Giza 4, Faizpur, A 7404, Var27, and J 11, but was sparse on Monir 240-30, PI 337409, A 7309, Ah 7223, and UF 71513. 

Aflatoxin Contents of Seeds Inoculated with a Toxigenic Strain of A. flavus 
Seeds of all cultivars supported production of aflatoxins Bt and B,, although the amountsproduced differed (Table 2). 1he lowest level of total aflatoxin production was 19 180pg kg-I inAh 7223 and the highest level was 44 290 pg kg-I in Giza 4. 

Table 1. Groundnut seed colonization by Aspergillusflavus in laboratory inoculation tests, IsmailiaGovernate, Egypt, 1983.1 

SeedsCultivars 
 colonized (%) 
UF 71513 40.0P1 337394 F 55.0 
P1 337409 78.0 
J I1 83.0 
Ali 7223 46.0
Var 27 77.0 
Faizpur 88.0
TMV 2 72.0 
Monir 240-30 83.0
Giza 4 96.0
55-437 44.0 
NC Ac 841 35.0 
A 7404 85.0
A 72118 68.0 
A 7405 31.0
A 7309 67.0
A 7223 40.0 
A 7717 70.0 
PI 337458 
 35.0 
A 7715 67.0 
A 7716 53.0 
Florunner 65.0 

2
I. Seeds ( 0-gsamples) erew taken from the crop grown in theI 

Growth/sporulation of A. flavus on colonized seedSparse Moderate Dense 
11.0 9.0 

11.5 16.018.0 7.5 13.5
4.0 14.0 23.512.5 7.5 3.07.5 7.0 24.0 
6.0 6.0 32.05.0 7.0 24.0

21.5 10.0 10.07.0 3.5 37.52.5 8.0 11.5
3.0 3.0 11.5 
9.0 6.5 27.0

10.5 4.0 20.5
13.5 

7.016.5 5.0 12.0
2.5 7.5 10.08.5 7.5 19.0 
5.0 6.0 6.55.5 20.5 7.59.0 8.0 9.57.5 12.5 12.5 

smailia Governate, andw ere stored for a month prior to testing. 
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Tahle 2. Occurrence of aflatoxins in seeds of different groundnut cultivars inoculated with the toxigenic 
Aspergillusfiavus strain IMI 187005, Ismailia Governate, Egypt, 1983.' 

Aflatoxin content (Mg kg-') 

Cultivars Origina,/source B, B2 Total 

UF 71513 USA 20680 11 190 31870 
PI 337394 F Argentina 19340 10460 29800 
PI 337409 Argentina 23730 12840 36570 
i 1 India 34100 9720 43820 
Ah 7223 Nigeria 13570 5610 19 180 
Var 27 Australia 17960 9700 27660 

Faizpur India 22850 8220 31070 

TMV 2 india 21960 7920 29880 
Monir 240-30 India 20040 7230 27270 

Giza 4 Egypt 35440 8850 44290 
55-437 Uganda 16040 8680 24720 

NC Ac 841 Uganda 20410 5670 26080 

A 7404 USA 24250 6750 31000 
A 721i8 USA 19820 7320 27140 
A 7405 USA 19330 7140 26470 
A 7309 USA 32020 8910 40930 
A 7223 USA 21 170 5880 27050 
A 7717 USA 21550 7980 29530 

PI 337458 Argentina 17960 9360 27 350 

A 7715 USA 18360 6810 25 170 
A 7716 USA 25380 7050 32430 
Florunner India 19120 7080 26200 

I. Seeds (20-g samples) were taken from the crop grown in the Ismailia Governate. 

These results agreed with those obtained by Mehan and McDonald (1983) who reported that 
there was no direct relationship between resistance to seed colonization by A.flavus and the 
quantity of aflatoxins produced when seeds were colonized by toxigenic strains of A.flavus. 
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The ICRISAT Approach to Research on the
 
Groundnut Aflatoxin Problem
 

D. McDonald' 

Abstract 

Researchin a numberofcountriesin the 1960s andearly 1970s providedan excellent understand

ing of the effects of culturalpractices,produce handling, and storigeconditions on aflatoxin 

contamination in groundnutsandgroundnutproducts. But the recommendationsfor manage

ment of the problem evolved from the early research, twhile readily adopted by progressive 

farmers in countries with advanced agriculture, were not being taken up by the majority of 

small-scalegroundnutfarmersin developingcountries. This influenced the decisionofgroundnut
 

scientistsat the InternationalCrops Research Instituteforthe Semi-Arid Tropics (ICRISA T) to
 

concentrateon identificationand utilizationofgeneticresistanceto seedinvasion by Aspergillus
 

flavus and to productionof atlatoxins.
 

Risume 

Approche de 1ICRISAT pour les recherches sur le probleme des aflatoxines chez l'arachide: 

Les recherchesmenbes dans ungrandnombrede pays dans lesannbes 60 et aud6but des annees70 

apermis une excellente compr6hensiondes effets despratiquesculturales,du conditionnementde 

laproductionet desconditionsde stockagesurla contaminationdes arachideset de leursproduits 

parles aflatoxines. Cependant.les recommandationspropos6espourmaitrisercc problkme ont 

6t6 appliqubes rapidement par les cultivateurs i forte technicit6 dans les pays h agriculture 

a vancbe,sans &treadopt es par]a majorit6des petitspaysansdans lespays en voie de dveloppe
de concentrerleurs 

ment. Les chercheurs travaillantsur l'arachideA 17CR ISA Tont donc d6cidt 

efforts sur I identificationet I 'utilisationde la r6sistanceAIinvasion des grainesparAspergillus 

flavus et 6 ]a production des aflatoxines. 

Restimene 

sobre el problems de las aflatoxinas en el
mietodo del 1CRISAT en sus investigacionesEl 

en un grannaimerodepaisesdurantelos aios60y
cacahuate: Lasinvestigacionesdesarrolladas 

principiosde los afios 70, han proporcionadoun excelente conocimiento de los efectos de las 

prActicasde manejo del cultivo, el manejode lascosechasylas condicionesde almacenamiento 

sobrela contaminaci6ncon aflatoxinasdelcacahuateysusderivados.Sin embargo,lasrecomen

' 
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dacioncspropuest,ispar manejarel prohlema derivadasde las investigaciones iniciales,auncuando fuleron rilpidamnente adoptadas por los agricultoresprogresistasen paies con unaagricultura a vanzada, no Jo iheronpor hi mayoria de los pequeios productoresde cacahuate enlos paisesen desarrollo. L o anteriorinfluy6 en la decisibn Je los in vestigadores de cacahuatedelinstitutoInternacional de Investigacijn sobre Cultivos en los Tripicos Semizridos (ICRISA T),de concentrarsus esfuerzos sobre la identificaci6ny utilizacinde inaterialescon resistenciagentica a la invasidn de is semillas de cacahuateporAspergillus flavus y a la produccitndeallatoxinas. 

Introduction 
Following recognition of the groundnut aflatoxin problem in 1960, research institutions in anumber of groundnut-producing countries gave high priority to determining the stage or stagesin crop production at which groundnuts were invadedAspergillusflavtus Link cx 

by the aflatoxin-producing fungusFries and became contaminated with aflatoxins.By the mid-1970s this objective had been largely achieved. It was evident that, depending uponenvironmental and cultural factors, groundnut seed could be invaded by A..flavu, and subsequently become contaminated with aflatoxin, before harvest, during postharvest curing anddrying, or during storage. In some regions/countries the problem was predominantly postharvest while in others it was largely preharvest. Considerable data were assembled on the influenceof environmental factors, crop-production, and produce-handling procedures on seed invasionby A.f'avus. "['his was used to formulate recommended practices to be used by growers and thoseconcerned with purchase, storage, and processing of groundnuts and groundnut products.There was evidence that adherence to the recommended practices could minimize risk ofaflatoxin contamination of groundnuts. Some of the more commonly recommended practices
were:

" to adjust sowing dates so that crops mature towards the end of the rain), season* to avoid damage to plants and pods from cultivations late in the crop's development;* to control soil pests such as termites and pod borers that scarify and/or penetrate shells;" to control diseases that cause wilting and death of plants;* to provide uniform irrigation in the event of drought in the late stages of pod maturation;• to lift the crop as soon as the majority ofthe pods have matured, and to glean at),detachedpods as soon as possible;o to discard moldy and damaged pods, and pods from plants that had died before harvest;* to dry pods to belo, 8 ,i' water content within 5 10 days of lifting;* to avoid damage to pods wben threshing and handling in transit to store;* to store pods in cool, clean, dry, pest-free conditions;" to shell as efficiently as possible to minimize damage to testae (seed coats);" to sort out and destroy moldy seeds;* to divert aflatoxin-contaminated 

* 
 seed lots to nonfood uses, andto reduce aflatoxin levels in seed lots by removal of moldy and discolored seeds.It isobvious that recommendations have to be tailored to fit particular situations. Some maybe useful in countries with highly developed agriculture and agricultural industries, but may notbe suited to small-scale farming situations in developing countries where the industry may not beequipped for effective monitoring, segregation, or detoxification. Also, some procedures such ashand-sorting of produce can readily be done by small farmers with hand labor, but are notpossible in a highly mechanized system. 
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Research Objectives 

When groundnut research started at ICRISAT in 1976, the groundnut aflatoxin situation was 
reviewed and it was concluded that while adoption of recommended cultur' and produce 
handling procedures had been reasonably effective in reduciv'i levels of aflatoxin in groundnut 
products reaching the consumer in developed countries, there was littleevidence of small-holder 
farmers in tropical developing countries adopting the improved practices. This situation was 
taken into consideration when planning the approach to the aflatoxin problem to be followed in 
the ICR ISAT research program. It was suggested that effective solutions to the problem would 
be to grow groundnut cultivars that were immune to infection by the aflatoxigenic A.flavus, or 
cultivars that, if colonized by the fungus, did not support production of aflatoxins. No such 
cultivars were available. Researchers in the USA had shown in laboratory inoculation tests that 
rehydrated, mature. sound seed of certain genotypes had marked resistance to infection and 
colonizationi by ,-. flavu.. This resistance was dependent upon the seed coat (testa) being entire 
and undamaged. The practical limitations of this type of resistance were realized but it did 
present a potential for breeding cultivars %kithhigher than average resistance to seed invasion by 
,-..fLavus. There was very little evidence, and that conflicting, for existence of resistance to 
aflatoxin contamination based on cultivars being inefficient substrates for aflatoxin prodaction. 
Nonetheless, it was felt that this also could be a useful avenue to explore. It was decided that 
resistance breeding should form the main line of ICRISAT's research to control aflatoxin 
contamination of groundnut, and this was considered to be particularly appropriate in view of 
ICRISAT's mandate to maintain the world collection of groundnut and wild Arachis spp 
germplasm. 

Accordingly, plans were formulated in 1977 for research on aflatoxin contamination of 
groundnut with the following major objectives: 

" to select qualitative (rapid) and quantitative (highly accurate) methods for estimation of 
aflatoxins in groundnuts; 

* 	 to develop laboratory techniques to screen groundnuts for resistance to seed invasion by 
A..fla'us and to aflatoxin production: 

* 	 to screen germplasm and breeding lines in laboratory inoculation tests for resistance to 
A..flavus invasion of rehydrated. stored seeds; 

* 	 to test lines found resistant to seed invasion by A.f/lavus in laboratory tests for resistance to 
natural seed infection by the fungus in the field; 

* 	 to breed high-yielding cultivars with seed resistance to infection by A.. lavus; and
 
* to study the inheritance of this resistance.
 
Following recruitment of staff in 1978, laboratory facilities were developed and research was
 

started. 
In 1980 the project was reviewed and the following objectives were added: 
o 	 to develop methods for testing pods at various stages in development for resistance to 

invasion by toxigenic fungi, and to study the mechanisms of resistance; 
* 	 to record all mycoto.in-producing fungi occurring in groundnuts and to test their abilities 

to produce toxins in grotndnuts: and 
* 	 to study the effects of foliar diseases, pod rots, and damage to pods by soil fauna on 

invasion of shells and seeds by toxigenic fungi and on production of mycotoxins. 
Following a further review in 1985, the objectives of the research project on aflatoxin 

contamination of groundnut were summarized in their current form as follows: 
* 	 to elucidate factors influencing pod and seed invasion by A.flavius, especially preharvest 

invasion, and aflatoxin production; 
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" to identify further sources of resistance to seed invasion and aflatoxin production; and 
" to breed for aflatoxin resistance. 
The objectives of the project have shown minor changes over the past 10 years, but the 

approach to the problem has remained firmly focussed upon identification of genetic resistance 
and its utilization in breeding cultivars with resistance in seed to invasion by A.flavusand/or 
resistance to production of aflatoxin. 

Progress 

Progress at ICRISAT in the identification of genotypes with resistance in seed to invasion by
A.flavus and to aflatoxin production, and in the use of these genotypes in a resistance breeding 
program is provided in detail in other papers (see Mehan, pages 323-334, Vasudeva Rao, et. al. 
pages 345-355 as is progress on investigation of possible mechanisms of resistance (Jambuna
than et al., 357-364, Nahdi, pages 365-378). In general, there have been significant advances 
along most of the lines of research pursued. This has been considerably aided by the facility at
ICRISAT Center of being able to grow two crops in the year, a rainy-season crop (Jun-Oct) and 
a postrainy- season irrigated crop (Nov--Apr). Access to two very different soils (Alfisols and
Vertisols) on the ICRISAT Center farm gave additional environments for research. Coopera
tion between pathologists and physiologists in developing field rt.sistance screening methods 
using imposed drought stress has been particularly rewarding, providing a greater insight into 
the factors involved in interactions between drought stress and seed infection by A.flavus , as 
well as evolving effective germplasm-screening facilities. 

Limited investigations were made on the possible occurrence in groundnut seed of mycotox
ins other than aflatoxin. Particular attention was paid to known mycotoxins produced by fungi
commonly found in groundnut pod and seed mycoflorae. Only citrinin and zearalenone could be
identified, and these only at very low incidence. It was therefore decided to concentrate upon 
aflatoxin contamination. 

Many different methods for aflatoxin analysis have been tested, and standard meti.ods hav2
been adopted for rapid detection and for accurate quantification as required for specific
screening purposes. The paper given earlier in this workshop by Goto and Manabe (pages
177-186) indicates the continued interest in new methods of analysis. The immunochemical
 
method (Chu, pages 163-175) shows excellent promise for development of a simple, rapid, and

relatively inexpensive aflatoxin analysis system to facilitate extensive screening of germplasm
 
for resistance in seed to aflatoxin production. 

Although emphasis has been on genetic resistance, the broader aspects of the problem have 
not been forgotten. Information obtained on interactions between environmental factors, biotic 
and abiotic, and seed infection by A. flavus and aflatoxin contamination will be used in 
developing aflatoxin management programs which, hopefully, will soon include use of resistant 
cultivars. 

Prospects, and Future Research 

There appear to be excellent prospects of breeding groundnut cultivars with useful levels of 
resistance to seed invasion by A. flavus and/or poor capacity to support aflatoxin production.
When such cultivars are available, they should be tested in as many different environments as 
possible and under different levels of farm management. It will still be necessary to use already 
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developed cultural and produce-riandling procedures to reduce risk of aflatoxin contamination. 
Ideally the use of resistant cultivars should form part of an integrated management system. 
Obviously, resistant cultivars will have to b bred to meet particular producer and user 
requirements (vegetable oil, confectionery, multi-purpose), and seed will have to be multiplied 
and made available to farmers, a considerable problem in some countries that lack well
developed seed multiplication systems. Aflatoxin-free produce should attract premium prices 
from proces.iors, and should provide high quality seed for sowing. It should be remembered that 
alnv culti'.':ir bred for ..I./ltVts resistance is likely to alsan,have pod, seed resistance to a large 
number of other soil fungi. This could confer considerable benefits in terms of reduced free fatty 
acid content, better viability and germinability, and reduced incidence of seed and seedling 
diseases. It is noteworthy that several of the cultivars that have testa resistance and preharvest 
resistance to seed invasion by ,1..!lavushave good levels of resistance to a Fusariwn-dominated 
pod rot that occurs in Alfisols on ICRISAT Center farm. 

Research at ICRISAT should continue to focus upon breeding cultivars with resistance to 
seed invasion by A. flavus and to ailatoxin production. Research will be intensified into 
elucidation of resistance mechanisms and determining their inheritance. Studies will continue 
on the effects of environmental factors upon A. flavus invasion of seeds and aflatoxin produc
tion and, if possible, the effects of cropping systems w\'ill be examined. As resistant cultivars 
become available they will be examined fcr stability of resistance in different environments and 
under a range of inputs, and compared with existing cultivars in on-farm situations. This should 
lead to development of basic principles for setting up integrated aflatoxin-management pro
grams suited to particular situations. 

Rapid progress in research on aflatoxin contamination of groundnut will depend upon 
effective cooperation between scientists in all the institutions involved with the problem. 
Exchange of information can he improved and this has influenced the setting up at ICRISATof 
a data base on aflatoxin in groundnut that can be made available to all interested parties. The 
present workshop is another vehicle for communication and it is hoped that it will result in 
increased cooperative research in such fields as analytical methods and their validation, assess
ment of stability of resistance, and exchange of germplasm. 

Discussion 

K.K. Shresta. Regarding awareness, in ourcountry, aflatoxin isstill not given importance. So, 
it would help if some international organiiations like FAO could take steps to create awareness. 
D. McDonald. We did invite FAO to send representatives to the meeting but they were too 
busy,. We could certainly pass on the request to them. 
R.V. Bhat. FAO has in tl.e recently concluded meeting at Bangkok already made a strong 
recommendation on the need to create political awareness regarding aflatoxins. The idea ofan 
intersectoral mycotoxin research group isexcellent, but past experience in India has proved that 
there is a need for financial backup for such an organization. 
D. Mc.Donald. Agreed that FAO and other organizations are doing much to awaken interest 
at the govenment level, but more needs to be done to alert all concerned from growers to 
consumers. National programs can be very useful. One was set up in Nigeria in 1961 and served a 
very useful purpose in bringing together all concerned. Basic funding is essential. 
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Screening Groundnuts for Resistance to Seed Invasion 
by Aspergillus flavus and to Aflatoxin Production 

V.K. Mehan' 

Abstract 

Research in several countries into evaluation of responses ofgroundnuts to seed colonization and 
infttion I Aspergiltus tlavus and or allatoxin production is reviewed, and progress made in 
this iel at the International (Crops Research Institute for the Semi-Arid Tropics (ICRISA T) is 

sutnnari/ed.Set eral hiboratorvand ield screeting procedures hate been developed to screen 
groundnts for resistance to A. flavus infection and or alaitoxinproduction. Research on the 
thcets oftenvironmental factors on lpOdandseed inv'asio; 1v A. flavus has produced information 
uselul in the deteh/ponent of tiId screentin.n,methods. For instance. inposed drought stress has 
been used to iniprote large-scale field screening of groundnut genotypes for resistance to 
prehart'est inh'ction of seeds h'vA. flavus. Setveral genotypes were found resistant to infection, 
;id sonic oflhen itere also resistant to in vitro seed coloniation by A. flavus in laboratory 
inoculation tests. Itt'iigenotpessupportedon/Iv t'ery low levels ofalt7atoxinB productionwhen 
seeds itere coloniled by an atlatoxin-producing,strain of A. flavus. 

Risuni, 

Silection des arachides rikistant i I'invaiion par Aspergillus Ravus et i la production des 
aflatoxines : Les recherches tnenbes dans plusicurs pats portant sur llhvaluation des rtponses 
des arachides ) hi colonisation et ;) l'inasion par Aspergillus flavus et ou h la production des 
allato.xines. sont t'c&apitukles ainsi que les acquis de I'ICRISA T dans cc doniaine. Plusicurs 
tnho(l's de slection a laboratoire et au chanp ont t nises au point pour tidier cette 

rt'sistanct'e.I es e-tudes sil It's lf't'ts des f*Jcteurs d environnenient siir J'imasion desgousses et des 
grainesont luIrni dts intifrmations 1utilesau dtieloppenientdes tnltodesdc selection aji chanip. 
'are.wtple'. hi crt.ition d 'ite sct'resseartificielle a pertnis d "tiNliorerla selection au chanip ) 

ift' de'lih'lled' hI~resistance } inf'ctiot,;int Ia rcolte. Plusiursgiootypes se sont [tontr6s 
rtesistanits, dont t'ertatins .sontt egaletnent re'sistants a ki cohonisation in t'itro parA. flavus, dans les 

tests d 'intoculation au laboratoire. Deux getnotypt's ont prt'sent de tr's has niveaux d'aflatoxine 
II, lorsque I's graines oit etc colonisees par ie souche d'A. flavus productrice d'aflatoxine. 

I. 	Groundnut Pathologist. L'gumt's Program. International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Patan
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Resimene 

La selecci6n de cacahuate resistente a la invasi6n de sus semillas por Aspergillusflavus ya laproducci6n de aflatoxinas: En este trabajose exarinanlasinvestigacionesrealizadasen rariospaises sobre la evaluacidn de las respuestas del cacahuatc aia colonizaci6n e infccci6n de sussemillas por Aspergillus flavus v o la producci6n dc aliatoxinasy; se resunen los avanceslogrados en este rubro por el Instituto Internacionalde Investipiacitinsobre CulivosTr6picosSeniiridos(ICR I.'A 7). en los'arios proccdimiientosde seleccion parauso en ellaboratorioY en v/ campo se han desarrollado para /a seleccidn de cacahtiate resistente a la inkcciin deAspergillus flavus y o Iaproduceiin de allatoxinas. Los estudios realizados sobre los efctos delos iawtorcs anihientales en hi invasi6n de his vainas .v las sernillas por A. flavus han producidoinlhrnacin tdtil para el desarrollo de m'todos de selcci6n en v/ campo. Poreieinplo, condiciones de sequia creadas artil,ciilnentehan sido titililadaspara mejorarla selecci6n en c canipo,agran escala, de genotipos dc cacahwate con resistencia en sus semillas ala inleccitniporA. flavus,
en e/ periodo de precosecha.

Se identificaron variosgenotipos rt'sistentes a a infecci6n mencionada, v algunos de estosresultaronser tambin re.istentes a la colonizaei6n in vitro por A. flavus en sus semillas, enpruebas de inoculaci~in efectuadas dentro del laboratorio. Do, de los genotipospresentaron mu;'bajos niveles de produccion de a allatoxinaB, cuando sus semillas fueron colonizados por uncepa ailatoxin6gena de Aspergillus flavus. 

Introduction 
Aflatoxin contamination of groundnut (Arachis h1pogaea L.) is a serious problem in mostgroundnut-producing countries. Invasion of groundnut seed by the aflatoxin-producing fungiAs4.Irgillus.lavus Link ex Fries and A.sprgilusparasiticsS peare, and subsequent contamination with aflatoxins, may occur pre- or postharvest.
important in the seni-arid 

Preharvest aflatoxin contamination istropics (SAT), particularly under drought conditions, while postharvest contamination is significant under wet and humid conditions (Dickens 1977, M/lehan1987). Aflatoxin contamination can he minimized by adopting some cult ural, prod uce-handlingand storage practices (Dickens 1977). These practices have been readily adopted by progressivefarmers and those concerned with storage and processing of the produce in developed countries,but unfortunately have not been widely adopted by small farmers in developing countries. Theuse of cultivars resistant to seed invasion by aflatoxin-producing fungi, or resistant to aflatoxinproduction (Mixon and Rogers 1973, Mehan and McDonald 1984) would be of value to farmersin both developed and developing countries. This has focused researchutilization of genetic resistance to seed invasion by A./laiu. and 
on identification and 

or aflatoxin production. Thispaper summarizes progress worldwide in selecting groundnuts resistant to "seed colonization"and "seed infection" by A. .lavus/A. parasiticsand to aflatoxin production, and describesresearch in this field at ICR ISAT..'lspergilus.1avtus is used in this paper in a collective sense forboth A../lavus and A. parasitictis. 

Resistance to Seed Invasion and Colonization by Aspergillusfiavus 

Mixon and Rogers (1973) first suggested that use of groundnut cultivars resistant to seedinvasion and colonization by A. .lavus could be an effective means of preventing aflatoxin 
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contamination. The existence of seed resistance was a logical assumption, considering tlt seeds 
with damaged testae are more easily and rapidly invaded by the fungus than are seeds with intact 
testae, and colored testae confer:ed greater resistance to invasion by A..flavus than white or 
variegated testae (Carter 1970,1973). 

Mixon and Rogers (1973) developed a laboratory inoculaton method for screening ground
nut genotypes for resistance to A. .lavus invasion and colonization of rehydrated, mature, 
sound. stored seeds. They selected two valencia-type genotypes, PI 337394F and PI 337409, that 
showed a high level of resistance to in vitro seed colonization by A. /ialus. Six more breeding 
lines (GI:A I. GFA 2,AR I, A R 2,AR 3,and AR 4)were later reported resistant ( Mixon 1986). 
The mean seed colonization levels in the resistant genotypes tested over severl years ranged 
from 8 13"1 (NMi:,on 1986). 

Several other researchers have used Mixon and Rogers' method, or modifications of it, to 
screen groundiiuts for resistance to seed colonization by atflatoxin-producing strains ofA./llat s 
(LaPrade et al. 1973, Bartz et al. 1978, Zainbettakis et al. 1981, Mehan and McDonald 1980, 
Tsai and Yeh 1985, flua and Medalla 1986). 

At ICRISAT we have used a modification of the nietliod to screen 850 gerruplasm accessions 
for their reaction to seed invasion and colonization by A. flavus. The tests were carried out on 
sound, mature seeds froii intact pods that were dried and stored for about I month. Seeds (20-g 
samples) were surface sterilized with a 0.I(- aqueous solution of mercuric chloride, rinsed inl 
sterile deionized water, hydrated to 20.imoisture content, and surface inoculated with a 
conidial suspension of a aflatoxigenic strain (f ,..fluvas (A F 8-3-2A1, and then incubated at 
25CC for 8 days under 98 ±2 relati ve iuridity. [he percentages of secds of differernt genotypes 
with sporulating colonies of A..flavus ranged from 6 to 100''. (ienotypes with 15(j or fewer 
seeds color; ized were regarded as resista nt (MIehan and M cl)ona Id 1980) Rcistance of tfe three 
genotypes, PI 337394F, PI 337409, and UF 71513, was confirmed, and six new sources of 
resistance (Ali 7223..1 II., U 4-47-7, Var. 27, Fai/pur, and Monir 240-30) were identified. In 
\arious tests on seed from raiiiv-seas0Ii ground nut crops produced on tle ICRISAT Center 
farm 'roi 1980 to 1986 these genotypes consistently had low percentages of seed colonized 
(8 14%). Resistance in three of theri (P1 337394F, P1 337409, and .111) hasalso been confirmed 
by other workers (Wvnne 1983. Zanbettakis et al. 1981, Kisyomnbe et al. 1985). A.comprehensive 
list of genotypes reported from different countries to have resistince to seed colonization by
.1/a va is given inTable 1. 

It was observed that absolute percentage incidence of seeds colonized by A..!ava' varied 
considerably for specific genotypes within trials ii the same season, and between seasons. Effects 
of en\iroririierit (cliiiate, location, soil type) and post ha rx cst drying procedures on in vitro seed 
colonization were examined. In various geinoypes tested, seeds from the postrainy-season 
irrigated crops had sign ifica ilt ly higher colonization than seeds fi rin rainy-seasori crops (Mehan 
et al. 1983). This may be due to fluctuation in soil moisture during pod development and very 
rapid drying Urider tire hot. dry conditions during h.rvest of the postra iny-season crop. Several 
workers (Dickens and Pattee 1973, (ilueck et al.1977, Woodward 1973) haVe reported that rapid 
drying weakens the seed testa, and testa damage decreases resistance to fungal penetration. 

II afl! reported cases of rehiydrated, Cured, sound. matlire seed resisting iriasion and coloniza
tion by A..flavus tile protective role of the seed testa has been emphasized (Dieckert and l)ieckert 
1977, Mixon and Rogers 1975, Mehan et al. 1983), the resistance depending upon the seed testa 
being intact. The resistance to seed colonization may be of value .f groundniuts dried inlthe field 
or instorage are wetted, or absorb moisture from the atmosphere. 'Ihe resistance may be of less 
value for decorticated seed that mav have suffered damage to the testa in processing. It is 
significant that in spite of considerable differences in seed colonization levels caused by variation 
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Table I, Groundnut genotypes reported resistant to seed invasion and colonization by Aspergillusflavus 
in laboratory inoculation tests. 

Genotypes Origin Reference(s) 
PI 337394F, 
P1 337409 

Argentina 
Argentina 

Mixon and l< ogers (1973), 
Mehan et al. (1981), Zaibettakis et al. (1981) 

UF 71513 USA Bartz et al. (1978), Melvin et al. (1981) 
J H India Mehan et ia. (1981), Wynne (1983), 

Kisyonbe et al. (1985) 
Ah 7223, 
Var. 27, 

Nigeria 
Cuba 

Mehan and McDonald (1984! 

Faizpur, India 
Monir 240-30 ? 

55-137, Senegal Zambettakis et al. (1981) 
73-30 Senegal 

U447-7 Uganda Mehan et al. (1986 b) 

GFA 1, 
GFPA 2, 

USA 
USA 

Mixon (1986) 

AR I, USA 
AR 2, USA 
AR 3, USA 
AR 4 USA 

Basse, Gambia Tsai and Yeh (1985) 
CI 16(R), M395 India 
C184, F-7, ? 
GE 652, Ali 6487 ? 
Maria-B. Roxo (Sal.), ? 
NC 449, NC 482 USA 
PI 196621, P1 196626 ? 
RMP 12, Burkina Faso 
Sp. 218, Sp. 424 ? 

ACC 63 ? Pua and Medalla (1986) 
CES 48-30. ? 
Celebes Indonesia 
UPL PN 4 Philippines 

in environmental and crop handling methods the resistance in certain genotypes holds good 
(Mixon 1981, 1986). 

In the last 15 years there has been much research into genetic resistance to A. flavius 
colonization of rchydra ed, mature, sound, stored seed. This has possibly been stimulated by the 
aflatoxin problem being regarded largely as a postharvest phenomenon. This is no longer valid, 
as significant invasion by A.flavt's of intact groundnut pods, and subsequent aflatoxin contami
nation, is known to occur before ha', ' (Davidson et al. 1983, Blaney 1985, Mehan et al. 
1986b), and identification and possi;,!. "e of seed testa resistance is definitely regarded as 
worthwhile. 
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Resistance to Pod Infection by Aspergillusflavus 

The groundnut shell has logically been considered as a barrier to penetration by A../lavus, as 

seeds from pods with damaged shells are more frequently contaminated with aflatoxin than 

those from intact pods (McDonald and Harkness 1967). 
Zambettakis (1975) reported that two cultivars, Darou iV and Shulamit, had lower levels of 

pod infection by A./lavus than other cultivars field tested in Senegal. Varietal differences in pod 

infection were confirmed in subsequent studies, and the differences in resistance appeared to be 

linked to varietal differences in pod shell structure (Zambettakis et al. 1981). They also reported 

a significant correlation between natural pod infection and seed infection by A./iavtus in various 

genotypes tested in Senegal from 1976 to 1979 (Zambettakis et al. 1981). Pod and seed infection 

was estimated as sporulating colonies of,./llavus on surfac,'s of dried pods and seeds (examined 

Linder a binocular stereoscope in the laboratory). The percentages of seeds with colonies of 

,fiavus observed on their surfaces were consistently lower than those of pods with colonies 

showing on their surfaces, indicating that the shell acts as a barrier to fungal invasion of seeds. 

However, internal infections of seeds with A..flavus may be present without visible externa! 

growth of the fungus. 
Considering the concept of the existence of pod shell resistance to A..lavus, two groups of 

workers in the USA, Kushalappa et al. (1979) and Mixon (1980) examined the effects of pod 

inoculation with ,f. lavus on shell infection and subsequent seed infection in various genotypes 

in the laborator\. They concluded that resistance to pod infection was highly variable, and 

appeared to be caused by the presence of antagonistic microllora. At ICR ISAT we found that in 

some genotypes seeds wekre coloniid or infected by the test fungus in pods which did not show 

colonies of A.. fiavux on their surfaces. while in others seeds were not colonized or infected in 

pods which showed one or more colonies of'A..!lavus . Colonies of several commonly occurring 

fungi in ground nut shells such as JaIopl)hOnina/)haseolitia,FIusariutm spp, and Asergilhs 

n iet were found on surfaces of both A. /lavus-inoculated and noninoculated, intact, rehy

drated, mature, stored pods of genotypes used in these studies (Mehan, McDonald, and Laiitha, 
unpublished data). Although the laboratory pod-inoculation method was not pursued, we have 

used pod inoculation to field test genot.,'pes for resistance to seed infection and subsequent 

allatoxin contamination. This aspect is further discussed in the section on resistance to natural 

seed infection to A. f/lavus in the field. 

Resistance to A. flavus Seed Infection/Aflatoxin Contamination in the Field 

In recent %,ears, realization of the importance of prehaivest A. flav'us infection and aflatoxin 

contamination stimulated considerable research into possible genetic resistance in groundnuts 

to A. flavus seed infection in the field (Blankenship et al. 1985, Davidson et al 1983, Kisyombe et 

al. 1985, Mehan and McDonald 1984, Mehan et al. 1986b). A few studies (Mixon 1980, 1983, 

1986) indicated that the genotypes PI 337394F, PI 337409, GFA I and (iFA 2, resistant to in 

vitro seed colonization by A.lavus (IVSCAF-resistant), showed considerably lower levels of 

natural seed infection with A. .lavus and of aflatoxin contamination than the susceptible 

(IVSCAF-susceptible) genotypes, Florunner and PI 331326. In these studies, observations on 

natural seed infection were made primarily to determine the "initial" levels of A.flavtus infection 

that could interfere with the seed inoculation tests for resistance in the laboratory. The natural 

seed infection was estimated from sporulating colonies ofA..fiavus on rehydrated seeds that had 

not been inoculated. 
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Davidson et al. (1983) could not show significant differences in A. lavus infection or inaflatoxin contamination of seed of two cultivars, Sunbelt Runner (reported to be resistant toA.flavtus colonization of seeds) and Florunner (susceptible to seed colonization) at harvest.Blankenship et al. (1985) reported that four genotypes (A 72118 ((iFA 1). A 74(04 (AR 3), UF77316 and UF 791041) resistant to seed colonization, and the cultivar Florunner grown underlate-season drought stress were all highly susceptible to allatoxin contamination. Other workers(Zambettakis et al. 1981) have reported several IVSCAF-resistant genotypes as having fieldresistance to A. IlU. infection in Senegal, significant correlations being found between seedcolonization in the laboratory and field infection. Kisyombe et ai. (1985) demonstrated acorrelation between field resistance to A. /iul'ts seed infection and in vitro seed colonization in 
only one of 14 genotypes tested. 

At ICRISAT,we give high priority to screening of groundnuts for resistance to seed infectionby A../lavus in the field. We estimate levels of natural infection, i.e., infection resutilng frominvasion of pod and seed in the ground prior to harvest, or during postharvest drying. Genotypesthat have received similar treatment in the field are comp~ared for natural seed infection byA.fiam't. at either of these two stages. Seeds from intact, mature pods, are surface sterilized in0.1 ,' aqueous mercuric chloride solution for 3 rin, rinsed in sterile distilled water, thenincubated on Czapek Dox Rose Bengal Streptomycin Agar at 25 'Cfor 5 7days. Fungi growing
from the seds are recorded. 

We tested various genotypes (IVSCAF-resistant, -susceptible, and -highly susceptible) fornatural seed infection by A../avus in replicated field trials at ICRISAT Center, from 1979 to1982. In all four rainy seasons, the IVSCAF-rcsistant genotypcs PI 337394F, PI 337409, andJ-f 1, had significantly lower percentages of seed infected with A. /?avu.s than the IVSCAFsusceptible or highly susceptible genotypes both at normal harvest (at optimum maturity) andlate harvest (10 days after maturity) (Mehan et al. 1986b).We also evaluated six iVSCAF-resistant (lPl 337394F, UF 71513, .111, Ah 7223, Var. 27, andU 4-47-7) and five I VSCA F-susccptible (TM V 2, Gangapuri, [C 76446(292), NC Ac 17090, andFI-5 ), NC Ac 17090) genotypes for resistanc,, to field infection of seed by A..flavus, and forallatoxin contamination, in four drought-prone sites in Andhra Pradesh, India. All IVSCAFresistant genotypes except Var. 27 had significantly lower percentages of seed infected(0.8 1.51'') than IVSCA F-susceptible genotypes (4.2 19.VI %) over environments (sites andseasons). Resistance to field infection of seed by A../iavu in five of the six IVSCAF-resistantgenotypes was stable across environments (Mchan et al. 1987). The IVSCAF-resistant genotypes, Ah 7223, I1I, U 4 47- 7,and Uk 71513, had significantly lowerlcvels ofaflatoxin B, (5-9
Mg kg-1 seed) than the IVSCAF-susceptible genotypes (39 
 151 pig kg-' seed).We confirmed resistance to preharvest A../u vus seed infection in five ofthe six IVSCA F-resistant genotypes grown 
under imposed drought stress during pod maturation (30 days beforeharvest) in the 1984 85 and 1985, 86 postrainy seasons (ICRISAT 1987).
Cf37 IVSCAF-resistant genotypes (Table I), only 10 (ll 337394F, PI 
 337409, UF 71513, Ah72: , J II, Var. 27, 55-437, 73-30, Monir 240-30, and RM P 12) have been tested for resistance toseed infection by Aflavus in field trials (Kisyombe et al. 1985, Mehan et al. 1986, Zambettakis etal. 1981). Only three genotypes, PI 337409, PI 337394F, and J I1, have been evaluated in morethan one country. .J 11 was found resistant to A. /]avu.s seed infection in North Carolina, USA(Kisyombe et al. 1985) and in India (Mehan et al. 1987). PI 337409 showed resistance in Senegal(Zambettakis et al. 198 1)and in India, but was susceptible in the USA (Kisyombe et al. 1985).Zambettakis et al. (198 1) reported highly significant correlations between seed colonization inthe laboratory and field infection of seed by A.flavus in 101 genotypes tested in several fieldtrials in Senegal. It should not be assumed that all IVSCAF-resistant genotypes will have 
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resistance to seed infection by A..flavus in the field, or that all IVSCAF-susceptible genotypes 
will show susceptibility to field infection by the fungus. For example. the IVSCAF-resistant 
genotypes Var. 27, Monir 24-30, and RMP 12 showed similar susceptibility to A. flawls 

infection in the field to that of the IVSCAF-susceptible genotypes TMV 2 and FI-5 x NC Ac 
17090. Similar findings have been reported by Kisyombe et al. (1985). On the other hand, some 
IVSCAF-susccptible genotypes such as Lampang (Kisyombe et al. 1985) and Exotic 6 (Mehan, 
V.K., unpublished data) have been found to have low levels of seed infection by A..flavus in the 
field. 

Methods for Screening Groundnuts for Resistance to A. flavus Infection 
and Aflatoxin Contamination 

Some distinctive problems are encountered when screening groundnuts for resistance to 

A.flavus and. or aflatoxin production under natural field conditions. Only intact pods can be 
used as damage of any kind is likely to override resistances. A./lavus is a weak pathogen and its 
ability to invade intact pods and seeds is strongly influenced by environmental conditions. Little 

is known of the comparative pathogenicity of different strains of the fungus, and their capacity 

to produce allatoxin. Some environments are conducive to A../lavus infection of groundnuts, 
and extra attention is required to ensure uniform levels of infection for effective resistance 
screening. For environments where levels of A..flavus and aflatoxin contamination of suscepti

ble cultivars are usually low, it is necessary to modify the environment to ensure high levels of 

infection contamination. 
Screening trials should be on a light sandy soil, preferably with high populations of A.,7avus 

in the soil mycoflora. A test site in a drought-prone area where late-season drought stress is 
common would be most effective as it provides a congenial environment for the fungus. 

Otherwise, the screening might have to be carried out on early or late-sown crops, or on irrigated 
dry-season crops where control of soil moisture during late stages of pod development can be 
assured. 

At ICRISAT, we grow an irrigated dry-season crop and it is relatively simple to impose 
drought stress when required, it is thus possible to screen large numbers of genotypes for field 
resistanc:. 

We screened over 500 genotypes for resistance to field infection of seed by A.flav'us in the 

1984, 1985, and 1986 rainy seasons, when severe to moderate drodght stress occurred during pod 
maturation. Levels of A.flavu" infection ranged from less than 2 to 38%(CRISAT 1987). In the 
1985,,86 postrainy season, we used imposed drought stress (95-125 DAS) to field screen 432 
additional genotypes for resistance to field infection of seed by A.flavus. Levels of seed infection 
ranged from 1.7 to 47% (ICRISAT 1987). 

As drought stress during pod maturation predisposes groundnuts to A.favu's invasion it was 
thought that drought-tolerant cultivars might be resistant to preharvest infection by the fungus. 
However, several drought-tolerant genotypes tested to date (e.g., NC Ac 17090, Gangapuri, 
Manfredi " M 13) are quite susceptible. Most genotypes found tolerant to end-of-season drought 
are of the valencia type, many of which appear to have weak pod shell structures. It is of interest 
that the drought-tolerant spanish cultivar C55-437 shows relatively low levels of seed infection 
at harvest. More research is needed to answer the important question: can the drought-tolerance 
of a cultivar reduce stress on pod and seeds and so reduce the chances of invasion by A.flavus in 
the soil? The resistance of the groundnut pod to A.flavus invasion appears to be associated with 
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certain structural and biochemical characters of the pod and seed, and there is a possibility thatgenotypes may have differential effects upon the populations of A..f'avtts in the geocarposphere.It would be interesting to determine if cultivars of different botanical types and pod characters
show substantial differences in their reactions to/A. filvtus.

We also used a line-source sprinkler irrigation system that imposes a water deficit gradient tofurther evaluate some 40 genotypes for their reaction to A.fltvtts (ICRISAT 1987). A significant, positive, linear relaionship was found between water deficits and A.flavtis seed infectionin all genotypes. Genotypic differences for infection were clearly evident over a considerablerange of water deficits (62 99%), indicating the value of this method for screening genotypes fortheir reaction to A.flavus overa wide range of water deficits (drought intensities). Simultaneousscreening for A.fiavtts seed infection and for drought tolerance is particularly useful as droughtstress strongly influences seed infection by A.-lavtus. A pod zone soil temperature gradient isassociated with the water deficit gradient, and this is important when considering aflatoxinproduction. Temperatures between 2°C and 31 'C are reported to favor aflatoxin production ingroundnuts subjected to drought stress during pod development and maturation (Blankenshipet al. 1984, Cole et al. 1985). The position on the stress gradient (water deficit and temperaturegradients) can be chosen in the field from which material is collected for resistance screening for4.flavus infection or allatoxin production. High levels of A. flavus seed infection can beobtained under severe wvater-deficit conditions accompanied by high maximum temperatures 
(38--41°C) in the pod-zone soil, conditions that favor A.fa'.vus growth and fungal invasion bysuppressing other microbial competitors.

A useful evaluation of genotypes for resistance to allatoxin contamination can be obtained bycomparing the aflatoxin contents of seeds across genotypes. Resistance to A. flavus seedinfection may be used as an index of possible resistance to aflatoxin contamination, but not allstrains have a similac aflatoxin-producing ability. The combination of/lav'isstrain and hostgenotype can influence aflatoxin production. However, for all practical screening purposes fieldresistance to the fungus is important in conferring resistance to aftatoxin contamination,
Genotypes can also be evaluated for resistance to A../lavus infection and aflatoxin contamination under artificial inoculation conditions by applying inoculum of an aflatoxin-producingstrain of A..flavus to the soil around developing pods (20 to 30 days before harvest) to produceuniform, high levels of infection and allatoxin contamination. Care should be taken to avoidinjury to the pegs and pods while adding inoculum. We have used this technique to evaluateselected genotypes (IVSCAF-resistant and IVSCAF-susceptible genotypes) for their reaction toA. flavus infection and aflatoxin contamination in the field. Four IVSCAF-resistant genotypes
(Ah 7223, J I1,PI 337394F, and UF 71513) had significantly lower levels of infection and
aflatoxin contamination than the IVSCAF-susceptible genotypes we tested (Mehan and McDo

nald 1984). 

Resistance to Aflatoxin Production 

Rao and Tulpule (1967) reported varietal resistance in groundnut to aflatoxin production. Thegenotype US 26 (P1 246388) did not support aflatoxin production when seeds were colonized byaflatoxigenic strains of Aflavus in laboratory inoculation tests. Kulkarni et al. (1967) reportedthat the cultivar Asiriya Mwitunde supported very low levels ofaflatoxin production under fieldconditions. These findings were not confirmed by other workers, but did stimulate research onpossible varietal resistance (Doupnik 1969, Aujla et al. 1978, Doupnik and Bell 1969, Nagarajanand Bhat 1973, Tulpule et al. 1977). Most of these researchers autoclavedused seeds of 
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groundnut inoculated with aflatoxigenic strains of A flavus to test genotypes for their ability to 

support aflatoxin production. 
At ICRISAT, we developed a laboratory inoculation method to screen groundnuts for 

1980). The method is similar to that 
resistance to aflatoxin production (Mehan and McDonald 

intact mature seeds are surface sterilized in a 0. 1%aqueous
used for the seed colonization test. 

solution of mercuric chloride, rinsed in sterile distilled water, and hydrated to 20% moisture. The 

seeds (20-g samples) are then placed in 9-cm diameter petri dishes, their testae scarified with a 

sterile needle, and inoculated with I mL of a conidial suspension (4 x 106) conidia mL - 1of an 

8-day-old culture of an aflatoxin-producing strain (AF 8-3-2A) of ,4.flavus.After incubation at 

25'C for 10 days the seeds are tested for aflatoxin content. We have tested 502 genotypes for 

et al. 1986a), and found significant
their ability to support aflatoxin B, production (Mehan 

Levels of aflatoxin B, produced in
and total accumulation of aflatoxin.differences in rate 

seed. We identified two genotypes,from below 10 to 195 jug g'different genotypes ranged 
U 4-7-5 and VRR 245, that supported production of very low levels of allatoxin B, (7-10 Ag g-i 

were slightly lower in seed (of
seed). There were indications that aflatoxin production levels 

crops than in seed from postrainy season crops, 
some genotypes tested) from rainy-season 


effects. Comparisons of the chemical constituents (such as
 
indicating possible environmental 
phytate, zinc, boron) of seed of different genotypes grown in different environments may 

indicate possible mechanisms of resistance to aflatoxin production. 

We tested 30 more genotypes with oil contents that ranged from 33.7 to 48.4% for their ability 

to support aflatoxin production. No correlation was found between oil content and capacity to 

support aflatoxin production. 
wild Arachis species (9 in section Arachis, 3 in section Erectoides, 2 in 

We also tested 16 
section Rhi:omatosae, and one each in sections Extranervosae and Triseminale).All supported 

10 jug g I seed).production of aflatoxin B, (34-

Some genotypes resistant to seed colonization by aflatoxigenic fungi are good substrates for 

are susceptible to fungal colonization do not support
aflatoxin production. while others that 

high levels of aflatoxin production. For example, the IVSCAF-resistant genotypes, PI 337394F, 

levels of aflatoxin B, production, while some
and UF 71513 support highPI 337409, J 11, 


IVSCAF-susceptible genotypes (U 4-7-5 and VRR 245) support only low levels of aflatoxin BI
 

was observed between fungal growth (estimated visually or based on 
production. No correlation 

U4-7-5, and VRR 245) and aflatoxin production.
ergosterol contents of colonized seeds of J 1I, 

Similar findings have been reported by Priyadarshini and Tulpule (1978) with regard to fungal 

growth (based on chitin content) and aflatoxin production in several varieties ofgroundnut and 

maize. 

How Can Genetic Resistance be Applied to Aflatoxin Management? 

The ideal solution would be to identify or breed a groundnut cultivar immune to invasion by 

that would not support atlatoxin production. But this is not likely to be 
A./lavus, or one 
achieved, at least in the near future, and it is more logical to aim for cultivars with a high degree 

of resistance to A. .lavus invasion before and after harvest, that support only low levels of 

production. Aspergillus. faitts resistance should be incorporated into both oil and 
aflatoxin 
confectionery groundnut cultivars adapted to particular agroecological regions. Such cultivars 

could be grown using cultural and crop-handling procedures that were found useful in reducing 

in the soil would be particularly
A. 	 flavus invasion. Cultivars resistant to fungal invasion 

where preharvest aflatoxin contamination is a serious 
desirable for the semi-arid regions 
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problem. The good level of resistance in the commercial cultivars J I I and C 55-437 could beuseful in minimizing aflatoxin contamination in someResistance to environments. .. flavus infection is also important in order to maintain seed quality as thefungus also causes seed rots and aflaroot seedling disease. Cultivars with resistance to Aflavusinvasion are also likely to have resistance to seed invasion by other soilborne pathogens thatreduce produce quality and cause seed and seedling diseases. 

References 
Aujla, S.S., Chohan, J.S., and Mehan, V.K. 1978. The screening of peanut varieties for the accumulation of aflatoxin 
and their relative reaction to the toxigenic isolate of Aspergillus Ilavus Link ex
Agricultural University 15:400-403. 

Fries. Journal of Research, Punjab 
Bartz, Z.A., Norden, A.J., L.aPrade, J.C., and Demuynk, T.J. 1978. Seed tolerance in peanut (Arachis hjpogaea L.) tomembers of the Aspergillus 'knus group of fungi. Peanut Science 5:53-56.Blaney, B.J. 1985. Myco:oxins in crops grown in different climatic regions of Queensland. Pages 97-108 in Trichothecenes and other mycotoxins (Lacey, J. ed.). Chichester, UK: John Wiley and Sons.Blankenship, P.D., Cole, R.J., Sanders, T.H., and Hill, R.A. 1984. Effect ofgeocarposphere temperature on pre-harvest

colon/zation of drought-stressed peanuts by Aspergillus fla usandsubsequent aflatoxin contamination. Mycopatholo.gia 85:69-74. 
Blankenship, P.D., Cole, R.J., and Sanders, T.H. 1985. Comparative susceptibility of four experimental peanut lines 
and the cultivar Florunner to preharvest aflatoxin contamination. Peanut Science 12:70-72.Carter, J.B.H. 1970. Studies on the growth ol Aspergillus ITavus on 
Reading. Reading, London, UK. 170 pp. 

groundnut kernels. PhD thesis, University of 
Carter, J.B.H. 1973. The influence of the testa darmage and seed dressing on the emergence of groundnut (Arachishvpogaea). Annals of Alplied Biology 74:315-323.Cole, R.J., Sanders, T.H., lill, R.A., and Blankenship, P.D. 1985. Mean geocarposphere temperatures that induce
preharvest aflatoxi, 
 :ontamination of peanuts under drought stress. Mycopathologia 91:41-46.
Davidson. J.I., Jr., Hill, R.A., Cole, R.J., Mixon, A.C., and Henning, R.J. 1983. Field performance of two peanut
cultivars relative to aflatoxin contamination. Peanut Science 10:43-47.
Dickens, J.W. 1977. Aflatoxin, occurrence and control during growth, harvest and storage of peanuts. Pages 99-105 in
Myc',oxin; in human and animal health (Rodricks, J.V.. Hesseltine, C.W., and Mehlman, M.A., eds.). Park Forest
 

South, Illinois, USA: Pathotox Publishers.

Dickens, J. W., and Pattec, J.E. 1973. Peanut curing and postharvest physiology. Pages 509-522 in Peanuts: cultureand
 
uses. Stillwater, Oklahoma, USA: American Peanut Research and Education Association.
Dieckert, M.C., and Dieckert, J.W. 1977. Genetically determined structural parameters of the seed coat affecting the
 
colonization of peanut seeds by aflatoxin-producing Aspergilli. Annales de Technologie Agricole 26:353-366.
Doupnik, B., Jr. 1969. Aflatoxins produced on peanut varieties previously reported to inhibit production. Phytopathology 59:1554. 
Dorpnik, B., Jr., and Bell, D.K. 1969. Screening peanut breeding lines for resistance to aflatoxin accumulation. Journal
of the American Peanut Research and Education Association 1:80-82.
Glueck J.A., Clark, L.E., and Smith, O.D. 1977. Testa comparisons of four peanut cultivars. Crop Science 17:777-782.ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1987. Annual report 1986. Patancheru,A.P. 502 324, India: ICRISAT.

Xisyomhe, C.T., Beute, M.K., and Payne, G.A. 1985. Field evalu ition ofpeanut genotypes for resistance to infection byAspergillusparasiticus. Peanut Science 12:12-17. 

332 



Kulkarni, L.C., Sharief, V., and Sarma, V.S. 1967. 'Asiriva Mwitund& groundnut gives good results in Hyderabad. 
Indian Farming i 7:11-12. 

Kushalappa. A.C.. Bartz, J.A., and Norden. A.J. 1979. Susceptibility of pods of different peanut genotypes to 
Alicrillus ik: vus group htigi. Phytopathology 69:1 59-162. 

ILaPlAde. J.C., Bartz, J.A., Norden, A.J., and Demuynk, T.J. 1973. Correlation of peanut seed coat surface wax 
.iccumilations with tolerance to coloniiation by Aspergillus flat-us. Journal of the American Peanut Research and 
Iducation Association 5"89-94. 

Mel)onild, D., and Harkness, C. 1907. Aflato\in in the groundnut crop at harvest in northern Nigeria. Tropical Science 
1(3): 148-161. 

Mehan. V.K. 1987. The atlatoxin contaminiaion problem in grod ndonut: control with emphasis on host plant resistance. 
Pages 63-92 in Proceedings nl the First Regional Groundnut Plant Protection Group Meeting, 15-21 Feb 1987, Harare, 
Zimhabwe. Lilong\c. Malawi: lnte tnational Crops Rcearch Institute for the Scmi-Arid rTropies (ICRISAT), Regional 
(iG undut Programi for Southern Afiica. (!.imitcd distribut ion.) 

Mehan, V.K., and McDonald, 11. 1981. Screening fir resistance to.,4 spcrgillus laitus invasion and allatoxin production 
in grounrdn tt s. IC RISAT Groundnut I Im prove niLt P rogram0 Occasional Paper no.2. Pat ancheru, A P. 502 324, India: 
International Crops Research Insliuel for tit Semi-Arid T'ropics. 15 pp. (Limited distribution.) 

Mehan. V.K., and Mci)onald. I). 1983. Aflatoxin produ:tion in groundnut cultivars resistant and susceptible to seed 
ins asion by A.perillus flatus. Pagces 221-228 in Proceedings of the International Symposium on Mycotoxins, 6-8 Sep 
1981. (airo, Egypt. Cairo, Ilgv pt: National Rcsearch (Centre. 

Mehan, V.K., and McDonald, 1). 1984. Research on the aflatoxin problem in groundnut at ICRISAT. Plant and Soil 
79:255-260. 

Mehan, V.K, McDonald, D., and lalitha, B. 1983. [flect of season, location and field-drying tieatment on in vitroseed 
coloni/ation of grouninut genoty'pes by Aspcigillus Ihitus. Oli;tgineux 38(110):553-558. 

Mehun, V.K.. McDonald, I).,Nigam, S.N., and lalitha, B. 198 1. Groundnut cultivars with seed resistant to invasion by 
.. spergillus tlai u.v ()1agineux 36( 10):501-507. 

Mehan, V.K., Mcl)onald, D., and Rajagopalan, K. 1987. Resistance of peanut genotypes to seed infection by 
AspetgilhIs flat us in field trials in India. Peanut Science 14:17-21. 

Mehan. V.K.. McDonald, D.. mnd Ramakrishna, N. 1986a. Varietal resistance in peanut to allatoxin production. 
Peanut Science 13(11:7-101 

Mehan, V.K., Mcl)onald, I).. Ramakrishna, N.. and Williams, J.1l. 1986h. Effects ofgenotype and date cf harvest on 
infection of peanut seed by .. sptrg,/llu.ns thiuandsubsequent contamination with aflatoxin. Peanut Science 13(2):46-50. 

Mixon, A.C. 198 ) (tmparison of pod and seed screenin, methods on Aspergtllus spp infection of peanut genotypes. 
Peanut Science 7.1-3. 

Mixon, A.(. 198 1. Reducinig aflatoxin contamination in peanut genotypes by selection and breeding. Journal of the 
American Oil ('herists' SocietN 58:961 A-966A. 

Mixon, A.(. 1983. Peanut gertnplasi lines AR-I. AR-2, AR-3. and AR-4. Crop Science 23:1021. 

Mixon, A.C. 1986. Reducing Aspergillus species infection of peanut seed using resistant genotypes. Journal of 
trnvirtint ental Quality 151211(11-11)3. 

Mixon, A.'., and logers, K.M. 1973. Peanut accessions resistant to seed infection by Aspergillus flavus. Agronomy 
.Jurnal 65:560-562. 

Mixon, A.C., and Rogers, K.M. 1975. Factofs affecting A.spergillus flavus Link ex Fr. colonization of resistant and 
susceptible genotypes of Arachis h.tpogaea .. Peanut Science 2:18-22. 

Nagarajan, V., and Bhat. R.V. 1973. Aflatoxin production in peanut varieties by Aspergillus flavus Link and Aspergillus 
parasiticus Speare. Applied Microbiology 25:319-32 1.
 

Priyadarshini, E.. and Tulpule, P.G. 1978. Relationship between fungal growth and aflatoxin production in varieties of
 
maize and groundnut. Journal of Agricultural and Food Chemistry 26:249-252.
 

333 

http:sptrg,/llu.ns


Pua, A.R., and Medalla, E.C. 1986. Screening for resistance to Aspergillusflavus invasion in peanut. In SeventeenthAnniversary and Annual Convention of the Pest Control Council of the Philippines, 8-10 May 1986, Iloila City,Philippines. (Abstract). 
Rao, K.S., and Tulpule, P.G. 1967. Varietal differences of gtoundnut in the production of aflatoxin. Nature214:738-739.
 
Tsai, A.H., and Yeh, C.C. 1985. Studies on aflatoxin contamination and screening for disease resistance in groundnuts.Journal of Agricultural Research of China 34:79-86. 
Fulpule, P.G., Bhat, R.V., and Nagarajan, V. 1977. Variations in aflatoxin production due to fungal isolates and cropgenotypes and theirscope in prevention of aflatoxin production. Archives de l'lnstitut Pasteurde Tunis 54(3-4):487.493. 

Discussion 
J.1. Pitt. Do you have a carefully standardized procedure for raising the moisture to 20%?What is the extent of variation?V.K. Mehan. The seeds are immersed in water for a duration that varies with cultivar, e.g., 8-9min for the spanish types; this being determined by weighing. Variation from seed to seed is less
than 1%.T. Shantha. Is there any variety which is susceptible to fungal colonization but does notsupport aflatoxin production?V.K. 	Mehan. This is a good question. We have found genotypes which are poorsubstrates foraflatoxin production, but none of thent has marked resistance to fungal colonization. Whentesting seeds for ability to support aflatoxin production, we scarify the testa to remove resistanceto fungal colonization and we inoculate with a highly toxigenic strain of A.flavus. Production ofaflatoxin in the substrate is obviously dependent upon the fungal growth and this can beestimated using the chitin or ergosterol determination techniques.K.K. Shresta. Although A.flavtus is said to be a weak pathogen, it causes aflaroot disease andreduces crop yield. How can we control this disease?V.X. Nehan. Incidence of aflaroot disease can be reduced by sowing clean seed. This can beensured by careful attention to harvesting, drying, and storing of sowing materials from theprevious season. Use of suitable seed-protectant fungicides can also help.R.E. Pettit. In 1986, a severe outbreak of aflaroot disease totally destroyed a farmer's crop inSouth Texas. This outbreak was due to sowing of seed heavily infected with A. flavus. 
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Screening Groundnuts for Seed Resistance to Aspergillus 
lavus Statistical Approaches to Data Evaluation 

Murari Singh, V.K. Mehan, and D. McDonald' 

A bstract 

Environmentalfaictorsinfluence the degree ofgroundnutseed infection by Aspergillus flavus and 

other fungi. This complicatesresistancescreening overseasons andlocations as levels of infection 

can varv considerably within agenot*pe. Statisticalmethods were ased to separategenot'pes into 

different resistance susceptibility categories and to ensure a stable basis for comparisons of' 

control cultivar and test genotypes across environments. Arn approach was also adopted for 

comparing the degree and distribution of resistance in spanish and valencia 'ypegroundnuts. 77 

estahlishnwn t of such procedures would facilitate interpretation ofscreening data frotn different 

en vironmerits. 

Risumc 

Sdlection des arachides pour la risistance des graines i Aspergillus lavus- analyse statistique des 

donnies : Les facteurs dienvironnement inlhwncent l'intensito de I'inkctiondesgraines dira

chides par Aspergillus flavus et d autreschainpignons. Cc ph6nomrn2complique la sdlectiondu 

matciiel rcsistant lormpw, les essais sont efkctus pendant piusieurs saisons et i) divers sites. 

puisque les niveaux dinfection tarientconsidrablenient pour le mtnegnotype. Des mbthodes 
cat gories de r'sistanc 'sensibistatistiques ont permis de classer les gno'ypes dans diffcrentc 

lit6. et de donner unc hase sore de comparaison entre les nouveaux gcotJpes fi tester et les 

tenoinspourdilkrer'tssites. Cette approche a t 6galernentadopt epour comparer le degr6 el la 

distribution de la rtsistancc des types Spanish et Valencia. La rise au point de ces procbd6s 

statistiques Thwilitera rinterprtation des donnbes obtenues dans diflrents sites expbrimentaux. 

Restimene 

La selecci6n de cacahuates basada en la resistencia de sus semillas aAspergillusinavus: Mktodos 

Los factores del medio ambiente influyven en /a severidad conestadisticos para evaluar datos : 
que ocurre la inteccion de la semilla de cacahuate por Aspergillus flavus y otros hongos. Esto 

cornplica la selecci6n para lograr la resistencia a travs d varios ciclos de cultivo yen diferentes 

localidades, debido aque los niveles de infecci6n pueden variar considerablemente dentro de los 

genotipos. Se utilizaron mnitodos estadisticospara separar los genotipos en diferentes categorias 

logli, and 3 Principal Groundout Pathologist, International Crops Research Institute tor the 
I, 	Statistician. 2. Groundnut PatIh 

Semi-Arid Iropics ICRISAT). I',tancheru, Andhra Pradesh 502 324. India. 

ICRISAF Conference Paper no UP 436. 

Citation: ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 19K9. Afla oxin contamination of groundnut: 

proceedings of the International Workshop, 6-9 Oct 1987, ICRISAT Center, India. Patancheru, A P. 502324, India: ICRISAT. 

335 



de /a relaci6n resistencia,,susceptibilidad, v en esta forMa asegurar una base de comparaciinestableentre el cultivar testigo.vlosgenotipos bajo prueba, en todos los ambientes. Se adopt6,asimismo, un enfoque especifico para Ia comparacii6ndelgradoy distribuci6nde I, resistencia, encacahuates de los tipos Spansh y Valencia. La adopci6n de estos procedimientosfacilitarian lainterpretaci6n de los resultados do las pruebas de seleccin efectuados en difeentes condiciones 
ambientales. 

Introduction 
By screening groundnut genotypes for resistance to seed colonization by Aspergillusfa us Linkex Fries, in vitro, they can easily be classified as resistant, susceptible, or highly susceptible onthe basis of arbitrarily set percentages of seeds colonized (LaPrade et al. 1973, Mixon andRogers 1973, Mehan and McI)onald 1980). However, when screeninggroundnuts for resistanceto natural seed infection by the fungus in the field, it is not easy to identify resistant genotypes onthe basis of arbitrarily set levels of seed infection, because environmental factors such as soilmoisture, soil temperature in the pod zone, and soil type can influence A. flavus infection of agenotype. Levels of'seed infection within specific genotypes show very little variation betweenreplicate samples. but levels of infection can vary considerably between trials, locations, or 

seasons. in such situations, genotypic resistance can best be measured in relation to the reactionsof standard resistant and susceptible control genotypes. Thus a genotype can be consideredresistant to the fungus if its reaction to seed infection is similar to that of a resistant controlgcnotype in the same environment. In view of this concept,A. the reaction of a genotype to/lluscan be represented by the probability distribution ofA. /iavusseed infection levels in agiven environment, and one of the following approaches used for resistance screening.Three situations frequently met in practice are discussed, and ways to screen genotypesresistant to seed infection bv A. !lavusconsidered.The levels of resistance distributed in spanish and valencia types of groundnut are also
compared. 

Statistical Approaches for Screening Genotypes for Seed
Resistance to Infection by Aspergillus flavus
 
Statistical methods are discussed in relation to three types of situation prevalent in
experimentation.
 

Comparison of Distribution Functions 
Let T stand for a test genotype and R for the resistant control genotype. The frequencydistribution of the level of seed infection by A. Ilavus follows that shown in Figure 1.A test genotype (T) can be considered resistant if the probability distribution of its seed infectionlevel is identical to that of a resistant control genotype (R) in a given environment. To illustratethis point, let the probability distribution functions of R and T be denoted by FR(X) and FT(x), 

3_;() 



R 	 R 
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Infection level 	 Infection level 

Figure I. Distribution of infection levels in a resist- Resistance interval Susceptibility 
ant (R) and a test (T) groundnut genotype, interval 

Figure 2 Distribution of infection level in a resist
ant (R) gro'.ndnut genotype and critical poi-It (Ca) 
used to select resistant genotypes. 

where x is the seed infection level. The test genotype will be resistant relative to the resistant 

control genotype if the hypothesis 
H,: FT(X) FR(X) for all positive x, is not rejected against 

H, Shift to right side in the distribution of T. 
If the distribution form is known, a parametric test can be applied to the sample observations 

or a non-paranietric test if the distribution is not known, to test the significance of the difference 

between the two distributions. But this approach appears to be appropriate only for situations 

with very few genotypes, since the genotypes to be screened will have to be tested in large 

numbers of plots to examine their distribution functions. 

Confidence Interval Method 

Test genotypes can be screened by growing them in blocks with a resistant control genotype 

systematically grown across the field trial. The probability distribution of a resistant control 

genotype can be,' calculated based on its seed infection levels across the trial as shown in Figure 2. 

One can compute the tipper 100a percent critical level Ca and define resistance and susceptibil

ity intervals separated by Ca . The quantity C',,, can be estimated empirically or by using the 

estimates of parameters of a confirmed distribution to which the sample may belong. 

Let the probability distribution of seed infection levels of a rcsistant control genotype be 

normal N (P, 02) where the mean M.and variance can be estimated from sample mean k, and 

variance s. In this case, a test genotype (T) with a neant (calculated from r replicates) can be 

considered resistant relative to R if it falls in the resistant region defined by 
t. 	 C
 

t a
 
I 2: x+t, es/ rwhere C, 

and t., e is the upper 100a percentage point of t-distribution, with c degrees of freedom. 

Any genotype with a mean seed infection level exceeding the critical boundary point Ca will 

be susceptible. 
Data from the 1986 rainy-season trial at ICRISAT Center were subjected to the above 
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analysis to select genotypes resistant to seed infection by A. flavus in relation to the resistantcontrol genotype J 11. 

Confidence Interval and Clustering Methods 
Various genotypes including a resistant control are usually grown in an experimental design.Each genotype will be observed in r plots (r =number of replications). As r isgenerally small, onecan not accurately obtain the distribution of R (a resistant control genotype). In this situationone can apply the analysis of variance to the observations to estinate error variance and means.Such a data set can be used to select genotypes similar to R in one of the following ways: 

Using confidence intervals 

A genotype (T) can be regarded as resistant if its mean seed infection level (i) does not differsignificantly from the mean (-) of R using upper tail t-test as in situation (2), i.e., when 
t - r "- ta,e SE (t - f) 

or 
t lies in the 100 (1-a)% one-sided confidence interval (0, f + ta, e SE(i- )).Where ta,e is upper 100a% point of the t-distribution with degrees of freedom eused to estimate 

standard error SE (i - r) of difference t  , by SE(t -T).
In cases where the standard error varies with extreme levels of seed infection, some modification may be required to obtain more precise estimates of error variance associated with thegenotypes close to R. This can be done by splitting the genotypes into two groups-one groupwith genotypes close to R and the standard error can be computed for this group alone, while theother group may contain the rest of the genotypes with a different standard error. 

Clustering 

The replicate-wise data on genotypes can be used in the form of r-variate information to clustergenotypes based on their similarity in reaction to A. flavus infection as assessed in individualreplicate plots. The numerical and graphical results in clustering methods can be obtained byusing such statistical packages as GENSTAT and SAS. Without these packages, it isalso easy to
determine the genotypes 
 that fall in a similar cluster with a resistant control at a specifiedsimilarity level as follows:
Let ZRj and ZTj be the infection levels of the resistant (R) and test (T) genotypes inj-th block.
 
The distance between R and T is
 

DTR:(j jr1.d (R,T,j))'/ 

where
 
d(R,T,j) = (ZTj _ ZRj)2
 . 
Further, the following modification in computing distance will be required so that a genotypewhich outperforms the resistant control in the block(s), is not rejected.Thus, the difference d(R,T,j) = 0 if ZTj < ZRj. 
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The similarity would then be proportional to the negative of D(R,T). The range of similarity 
computed for all the genotypes in this manmer can be set ol a 0 to 100 scale. The cluster of 

genotypes at a specified level consists of those genotypes for which the similarity perceniage is 
less than, or equal to, that level. 

The Lomparison of the two methods may hc rather difficult, as there is no obvious link 

between the confidence coefficient (I -a) of the confidence interval method and the percentage 
similarity level in the clustering technique. The confidence interval method is very sensitive to 

the estimator of experimental errors. This method has been grouping more genotypes (with 

highe' susceptibility level, in sonic of our examples) at a = 0.05 compared to the cluster method 

at 95% similarity lexel (see Table 1). Furthermore, the clustering method is able to pick up 

differences between test and control infection levels within each block, and hence may reject 
genotypes for susceptibility mote often thalf does the confidence interval method where these 

differences (between R and T) across a block may average very close to zero. This feature would 
appear to be more useful when resistance screening is done across diverse environments, because 

the genotype xenvironment (g xe) interaction is taken into account by the clustering technique.
The confidence interval method and clustering technique can be illustrated using data on the 

percentage of seed infected by A. lavus from the following at ICRISAT Center. 

Table 1. Confidence interval and clustering methods for groundnut genotypes similar to J 1I, ICRISAT 
Center, rain%season 1985. 

Clustering method: 

No. of 
Similarity (%) genotypes Cluster unit J 112 Mean SD Range 

94 6 GNPI04, ICG 3700, ICG 4106 0.5 0.18 0.33-0.67 
ICG 3660, ICG 2359, ICG 1326 

89-93 10 ICGS(E) 119, ICG7 1011, 0.73 0.35 0.33-1.33 
ICG 8666, ICG 7633 

- 89 61 Many' 2.10 1.12 0.33-4.33 

Confidence interval: 

Confidence No. of 
coefficient genotx pes Resistant group of J II Mean SD Range 

95 (at P z 0.05 27 ICG 1323, ICG 1436, ICG 1720. 1.0 0.395 0.33-1.67 
one sided) ICG 1811, ICG 2359, ICG 3241, 

ICG 3251, ICG 3478, ICG 3499, 
ICC 3660, ICG 4106, ICG 6321, 
ICG 1684, ICG 3700, ICG 4749, 
ICG 7633, ICG 4502, ICG 4681, 
IC6 7101, ICG 3263, ICG 7886, 
ICG 8631, ICG 8666, ICG 8991, 
(;NP 104, GN1I 1020, ICG S(E)-119 

1 In addtion to gcnot ,pe, ol abo',e group 
2 Mean (i I) = 0.67-0.39 
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1986 rainy-season trial 
At ICRISAT Center 196 genotypes were grown in a triple lattice design with J II as a standardresistant control and JL 24 as a susceptible control genotype systematically sown afterevery 7thtest entry, and appearing thrice in each block. In older to explain the confidence intervalmethod, we estim'ated the following parameters on the distribution of infection level in J 11.mean (/j) 1.71, standard deviation (0) =0.99Coefficient of skewness (fl,) = 0.45 ± 0.22
Coefficient of kurtosis (/2 -3) 
 0.19 ± 0.43In view of the low values of/

normal distribution. At a. 
and f,, it is reasonable to represent thc distrioution ofJ 11 as a=0.05 'or 95% confidence coefficient), tae = 1.645 (e is large) andconfidence interval is 10, 2.65.
The following genotypes fall in this interval, ICG 1910, ICG 9820, ICG 10021, ICG 10927, and
ICG 10147


with mean 
= 1.73, standard deviation = 0.35, and range = 1.33 - 2.33. 

1985 rainy-season trial 
At ICRISAT Center 100 genotypes were grown in a triple lattice design with J 11, the standardresistant control as one of the entries. The lattice blocks did not show any better control ofvariation, so data were handled as if observed from a randomized complete block design. A setof 61 genotypes were found to cluster together around a 90% similarity level (with infectionlevels varying up to 4.33), while others had quite high levels of susceptiblity. For the analysis ofvariance to estimate experimental error variances, this group of 61 entries were separatelyanalyzed, and the remaining entries were not included. The previously confidence interval andclustering methods were applied, and the results are presented in Table I for a 95% confidence 

Trust 
 1986) for cluster analysis modified as required for the similarity (or distance).
 

interval, and >90 pe,-cent similarity level. We used the GENSTAT package (Lawes Agricultural 

Distribution of A. flavus Seed Infection in Spanish and Valencia Genotypes 
To study the nature of distributions of A. fIavus infection levels in both spanish and valenciagroundnut genotypes, the Kolmogorov-Smirnov single sample test (Pearson and Hartley 1976)was applied on original and log-transformed values. Mean A. flavusinfection levels for trials inthe 1986 rainy and 1985/86 postrainy seasonsdistribt:tions of genotypes 

were separately used for this analysis. Thein the two groups were also compared using the Kolmogorov-Smirnov two-sample test. The Kolmogorov-Smirnov single-sample test was also performed 
on
seed infection levels in the two systematic control cultivars J 11, and JL 24 tested in the 1986
rainy season. The plot of the infection levels prompted us to look into the distribution of normal
and log normal types. 

1986 rainy-season trial 
Out of 196 genotypes cited, 98 were valencia and 98 spanish type. The values of some basicstatistics on the distribution for both types are presented in Table 2 for original as well as log 
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Table 2. Parameters of distribution of Aspergillusflavus infection levels in 98 valencia and 98 spanish 
groundnut genotypes, ICRISAT Center, rainy season 1986. 

Valencia Spanish 

Log Log 
Original transformed Original transformed 

Mean 10.19 2.17 9.23 2.08 
SD 5.45 0.57 5.70 0.54 

Skewnes 0.71 -0.45 2.28 0.07 
SE ±0.24 ±0.24 ±0.24 ±0.24 

Kurtosis -0.78 0.81 0.72 0.90 
SE ±0.48 ±0.48 ±0.48 ±0.48 

Dmax 1.99 1.01 1.90 1.02 
Prob 0.001 0.26 0.001 0.25 

transformed observations. The low coefficient of skewness and kurtosis and high value of 
probability level (Prob) for Kolmogorov-Simirnov statistics (Dmax) for log transformed data 
indicate that the level of infection is log normally distributed. The mean infection level was 
found to be similar in the two groups (see also Fig. 3). 

30 - - -- Distribution-- -

Observed Fitted Genotypes 

o log norms' valencia (98)
 
25- log normal spanish (98)
 

20,
 

0o
 

0 

0 0 0 

0 10 20 30 40 50 60 

Seed infection (%) 

Figure 3. Observed and fitted log normal distributions of seed infection in 98 valencia and 98 spanish 
groundnut genotypes in Trial 2, ICRISAT Center, rainy season 1986. 
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Table 3. Parameters of distribution of Aspergillusflavus infection levels of 269 spanish and 163 valencia 
grou ".mt genotypes, ICRISAT Center, postrainy season trials 1985/86. 

Valencia Spanish 

Log LogOriginal transformed Original transformedMean 24.55 3.07 18.42 2.76SD 11.97 0.56 9.31 0.60Skewness 0.69 -0.98 0.75 -1.04SE ±0.19 ±0.19 ±0.15 ±0.15Kurtosis -0.17 2.35 0.91SE 2.13±0.37 ±0.37 ±0.30 ±0.30
Dmax 1.41 0.85 1.04Prob 1.460.037 0.47 0.23 0.028 

30 - - ----.- Distribution ........
 
Observed 
 Fitted Genotype
 

0 log normal valencia (163)

25 - normal spanish (269)
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Figure 4. Observed distributions and fifted distributions of seed infection in 163 
 valencia (log normaldistribution) and 269 spanish (normal distribution) groundnut genotypes in Trial 3, ICRISAT Center,postrainy season !985/86. 
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1985/86 postrainy.season trial 

Three sets each of 144 genotypes were sown in randomized blocks in the same field at ICRISAT 
Center. Of the 432 genotypes, 163 were of valencia, and 269 of spanish type. The basic statistics 
for on infection levels for the two groups are presented in Table 3, while the graphical 
presentation of the distributions (observed and fitted) are shown in Figure 4. Infection levels in 
the spanish types followed a normal distribution unlike those for the 1986 rainy-season trial and 
the two botanical groups appear to possess varying potential to provide genotypes with seed 
resistance to A. flavus. 

Discussion 

The selection of genotypes on the basis of their performance relative to a standard resistant 
control genotype allows for the flexibility/variability in infection levels that might result from 
variation in the environmental conditions under field experimentation. The comparison of 
distribution functions requires large numbers of plots and hence cannot be used to select several 
entries. While using the coofidence method, the experimental error variance requires precise 
estimation or it may group susL,ptible entries along with resistant ones. In preparing similarities 
for cluster methods, one-sided distances should only be considered, since genotypes with 
infection levels below that of the resistant control are always desirable. Cluster analysis sepa
rates susceptible genotypes using differences within blocks while the confideace interval method 
may not. The application of the clustering method to data from International Cooperative trials 
would be more sound because genotype x environmental interactions would be successfully 
reflected in the form of distances (than differences in means if the confidence interval method is 
applied). 

For most situations there appear to be no problems of discontinuous distribution of inoculum 
and associated levels of seed infection by A. flavus. Within trials levels of infection for specific 
genotypes showed little variation between replicate samples. If a situation occurred where 
inoculum pressure showed greater variation, it would be worth following the design and analysis 
approach recommended by Gilliver et al (1985) for sorghum resistance screening against Striga 
since this involves control with cultivars in close juxtaposition to test lines. 

It is useful to compare distributions when examining the level of resistance in various 
botanical groups. 
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Aspergillus flavus Resistance Breeding in Groundnut:
 
Progress made at ICRISAT Center
 

M.J. Vasudeva Rao, S.N. Nigam, V.K. Mehan, 
and D.McDonald' 

Abstract 

Progressworldwide in breeding groundnuts resistant to seed colonization by Aspergillus flavus 
and aflatoxin contaminationis summarized,andresearchat ICRISA 7"described.Resistanceto 
A. flavus infection may occur at various levels, but efforts to breed for resistance have concen
tratedon the utilizationofthe resistance in the testae ofmatureseeds. At the InternationalCrops 
Research Institutefor the Semi-Arid Tropics(ICRISA T). genotypes identified as resistantto in 
vitro seed colonization by A. flavus have been crossed with susceptible cultivars of good 
agronomiccharacter,and severalbreeding lines wvitth stable resistanceto seed colonizationand 
with acceptable yield and quality have been produced. The genetics of inheritanceof testa 
resistanceis discussed.It is importantthat when breedingfor resistanceto A. flavus andaflatoxin 
production, breedersincorporateother resistancetraits. 

Risumi 

Silection pour Ia risistance A Aspergillus flavus chez I'arachide-risultats obtenus au Centre 
ICRISAT : Les acquisau niveau internationaldans la sdlection d'arachidesr6sistantesh la 
colonisation des grainespar Aspergillus flavus et la contamin, tion par les aflatoxinessont 
rappels.La recherchemene ;rIICRISA Test dcrite.La resistancese produith divers niveaux, 
mais les travaux de s6lection sont ax s sur /a r~sistancedes t6guments des graines mOres. A 
17CRISA T, les genotypes identifi6s comme rnsistantsh la colonisationin vitro des grainespar 
Aspergillus flavus ont &6 crois6s avec des cultivarssensibles ayant de bonnes caract6ristiques 
agronomiques;ainsi,plusicurs lignes )resistancestable, A4bon rendementet de bonnequalit6ont 

6tcr66es. L 'hur~dit6de a resistance du t~gument est 6tudi~e. Les s6lectionneursdevraient 
incorporerdautrescaract&esde r6sistance. 

Resumene 

La selecci6n parn lograr resistencia a Aspergillusfiavusen el cacahuate: Avances logrados en el 
centro ICRISAT : Los avarices logradosa nivel internacionalen ]a selecci6n de cacahuate 
resistente a la colonizaci6n de sus semillas por Aspergillus flavus y a la contarninaci6ncon 
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aflatoxinas,se presentan en forma resuniida,y se describen las investigacionesrealizadas en elICRISA T La resistenciaa A. flavus puedepresentarsea diferentesniveles,perolos trabajosparalograrla resistencia se han concentrado en la utiizaci6n de la resistencia de las testas de lassemillas maduras.En el InstitutoInternacionalde Investigaci6nsobreCiltivos en los Tr6picosSemihiridos(ICRISA T). losgenotiposidentificadoscomo resistentesa la colonizaci6nin vitro delosgranesper Aspergi lus flavus, se han cruzade con cultivares susceptiblescon buenas caracteristicasagronmicas,vse han obtenido varias lineasgenbticas de cacahuatecon resistenciaestablea la colonizaci6nde la semilla, 'con rendimiento v calidadde semilla aceptables.Se examina lagenetica de la herencia de la resistencia en las testas. Es importante que cuando realicen laseleccidn para lograrresistenciaa A. flavus, los fitomejoradoresincorporensimultineamente 
otras caracteristicas de resistencia. 

Introduction 
Of the several control strategies for Aspergillus/lavusLink ex Fries in groundnut, breeding forresistance is credited to be a sound, long-term approach to aflatoxin prevention in groundnut(Sanders 1983, Cole 1981, Diener et al. 1982, Mixon 1981, Mehan and McDonald 1984). In thispaper, we review the general progress made in this area and describe in detail the progress madeat ICRISAT Center. The problems and prospects for developing commercially acceptablecultivars of groundnut with resistance to A.flavus, are discussed and future research priorities 

are considered. 

Resistance Traits and Their Possible Exploitation 
Resistance to A.flavus in groundnut may operate at three sites in the plant-the pod, the seedcoat, and the cotyledons. Zambettakis (1975) observed that the varieties Shulamit and Darou IVhad lower levels of pod infection by A. .lavus than other varieties tested in Senegal andattributed this to differences in pod-shell structure. Other workers have attributed resistance tothe action of antagonistic microflora in the shell (Kushalappa et al. 1976), or to presence ofthick-walled parenchyma cells (Pettit et al. 1977). After initial interest in the early 1970s onlylimited research on pod resistance has been reported.

Mixon and Rogers (1973) identified seed-coat resistance to 1i.flavus in the germplasm lines P1337409 and P1 337394F by screening sound mature seeds of groundnut by artificial inoculationwith A. lavus conidia in an environment favorable to A. flavus development. Subsequentreports confirmed seed-coat resistance in these lines and added several new germplasm lines andcommercial varieties ro the list of resistant materials. Among the reported resistant lines, theresistance in J 11, UF 71513, P 337394F, P1 337409, Ah 7223, Faizpur 1-5, and Var.27 has beenconfirmed by testing over locations and years, but zhe stability of resistance in other lines has notbeen confirmed by multilocational testing. The lines with confirmed resistance have been used asgene donors for this characteristic. It has also been shown that resistance in J II, P1337394F,and P1 337409 can be transferred to other genetic backgrounds (Mixon 1986).Genotypic differences are also reported for the ability of groundnut seeds to support theproduction of aflatoxins. Certain claims by earlier workers that US 26 (=PI 246388 = Koboka)and 'Asiriya Mwitunde' were resistant to aflatoxin production were not substantiated. However,Mehan et al. (1986) after screening over 500 genotypes, reported the low aflatoxin-producingability in U 4-7-5 and VR R 245, No efforts are reported in the literature of genetically improvinglow aflatoxin-producing genotypes or transferring this trait to other lines. Howevcr, the two 
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germplasm lines reported to be low aflatoxin producers, provide us an opportunity of improving 
upon this trait and combining it with other A. fiavus resistance traits. 

Genetic variability has also been reported for resistance in groundnut which prevents the 
penetration and colonization by A.flavus in the field. The genotypes Ji 1, Ah 7223, UF 71513, 
and U 4-47-7 have been reported to be resistant to preharvest seed infection in India, while 
55-437, PI 337409, 73-30, and 73-33 were reported to be resistant to seed infection by A.flavusin 
Senegal (Zambettakis et al. 1981). There has been only limited breeding effort to use preharvest 
resistance to seed infection as aselection trait. However, some of the sources of resistance to seed 
infection that also have seed-coat resistance, have been used in breeding programs to incorpo
rate seed-coat resistance into high yielding cultivars. 

It is interesting that although several factors such as; low testa permeability, increased surface 
wax accumulation, uniform wax coating, thin testa with compact and tight cell structure, 
compact palisade-like layer, small hilum, presence of tannins and inhibitory compounds, and 
differences in amino acid composition have been reported to contribute tow;rds A. flavus 
resistance, no efforts have been made to breed for these traits. This may be because information 
on the contribution of these mechanisms to resistance traits isnot fully available and/or they are 
highly influenced by environmental variations. There are no standard screening techniques for 
these mechanisms. More work will be required before the resistance mechanisms are 
understood. 

Breeding for A. flavus Resistance at ICRISAT Center 

Research is in progress at ICRISAT Center to incorporate seed-coat resistance into high 
yielding and adapted groundnut cultivars, and to study the genetics of seed-coat resistance. We 
are also exploring the possibilities of combining seed-coat resistance with low aflatoxin
producing ability, and hope to study the inheritance of low aflatoxin production. 

Sources of Resistance and Crossing Plan 

Genotypes used as parents in this breeding project have been selected based on the strength of 
their seed-coat resistance, and the stability of their resistance (Table I). These genotypes have 
been used extensively as gene donors for seed-coat resistance. In addition, we have recently 
received genotypes AR I, AR 3, and GFA 2 to be used as new sources of resistance; these have 
been multiplied and initial observations made to confirm their resistance. We have made crosses 
between resistant and adapted lines from important groundnut-growing countries where A.fla
vus infection and allatoxin contamination are serious problems. We have also made crosses 
among source lines to bring together genes to strengthen resistance, assuming that different 
source lines possess non-allelic resistant genes. 

Selection for Yield and Seed-coat Resistance 

At ICRISAT Center, we follow a mass pedigree scheme to select for pod yield. In the F2 

generation, selectic.i is based on the numbers of mature pods per plant. Progenies are advanced 
as bulks, and in each generation, selection is made for yield and other agronomic traits. In the 
F,-Fg generations, bulks are separated based on the apparent uniformity for their plant and pod 
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Table I. Aspergi/lusflav~u.s seed colonization (%) and pod yield (kg ha-') ofselected groundnut breedinglines in multilocational testing in India (1983-1986). 

Postrainv Rainy season 
season 1983 84 1984' 19862 

lcatiorls;
ICR ISA l Cener I igh Inpuul, ICRISA I Center I I.ov 

Identity 

ICGV 86168 
ICGV 86169 
ICGV 86170 
ICGV 86171 
ICGV 86173 
ICGV 86174 
IC(iV 87937 
ICGV 86177 

Pedigree 

(.1 II P1 337394F) 
(P1 337409,, UF 71513) 
(Al 32,x P1 337409) 
(J II P1 337394F) 
(Faiipur I-5 , Pt 337409) 
(UF 71513, PI337394F) 
(NC 17 , P1 337394F) 
(Mll 2 P1 337394F) 

SC (%) 

15.24 
11.62 
14.36 
6.47 

13.43 
11.71 
16.40 
12.38 

Pod yield 

5870 
4951 
5062 
5796 
54(17 
5139 
4824 
5302 

SC (',)Pod yield 

12.3 2420 
10.6 2294 
14.8 2336 
9.6 1999 

12.4 2181 
12.4 2262 
15.3 2225 
14.9 2108 

SC (1b) 

9.17 
10.31 
16.87 
9.36 

23.87 
10.21 
NT 
18.13 

Pod yield 

1833 
1735 
1571 
1617 
1586 
1587 
NT 
1740 

Controls
.111'. 

1F 71513.1 
JL.244 
Kadiri 34 

Mean 

12.88 
11.58 
22.55 
33.38 

16.33 

5580 
5250 
5262 
50000 

5250 

11.3 
9.5 

39.2 
31.1 

20.12-

2077 
2151 
2(004 
2080 

707-

9.69 
9.71 

41.61 
47.44 

15.0--

1552 
1424 
2001 
1570 

326-

SE ±1.61 -270.1 

24.70 

±4.25-

3269 

± 133.5-

31.0 

±2.5-
2732 

± 53.6-

CV(%) 
17.1 8.9 

6.01 

33.8-

446.6 

14.1-

6.2 

27.7-
464.4 

11.7-

I. DatIanean Jruni foLIrti 
47.2 20.6 42.0 31.2 

2. Dataimean irom e en loct'ion,; ICRISA I Center (I igh Input All scl), 
Input), O1havanisagar. and Iiltar. 

r
ICRISAT Ccrlter(I.) Input. Alfisol), ICRISAT Center(Lo" Input. Vern,slj, Iisar. Ihariad,.Itha.anuacu gar, and Anautapur.
3. .-1. fTlac'cicrctcstaut %arlttcs 
4. I. jl)cc %,uscepltible ',cucties. 

characters. These bulks are checked in the following generation for true-breeding character anduniformiiy. They are then entered into teplicated yield trials. Harvested samples from thesetrials are sent to the laboratory where their seed-coat resistance is determinedprocedure described by Mehan using theet al. (1981), a modification of the procedure first described by
Mixon and Rogers (1973).

If sufficient seed is available, breeding lines are tested in multilocational trials to evaluate thestability of their resistance. We emphasize the identification of stable resistance because pastfindings have indicated that environmental factors can influence seed-coat resistance (Dieneretal. 1982, Sanders 1983, Davidson et al. 1983, Mehan et al. 1983).In 1984, we modified the mass pedigree breeding system to include a stage of progeny-rowtesting in the F3 generation, based on plant-to-row progenies obtained from selected F, plants.F3 single-plant progenies are handled as progeny bulks from F4 onwards and mass selection ismade within each bulk. We plan to use a similar scheme to combine low aflatoxin productionwith seed-coat resistance. Because natural seed infection could be a better indicator ofA.flavusresistance in the field, we are now planning to test breeding progenies in the field for preharvest
seed infection by A. flavus. 
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Progress in Breeding 

We have tested several hundred breeding lines for yield and seed-coat resistance. Generally, very 
few lines with A.flavus resistance and high yield have been recovered; this may be because of the 
low heritability of seed-coat resistance. 

We now have eight breeding lines (Table 1) with seed-coat resistance levels equal to those of 
the resistant source lines J II and UF 71513. The yield levels in the selected lines, though 
fluctuating over the years, have been better than those of the resistant source lines. In a few years 
and locations, the resistant breeding lines have outyielded such susceptible commercial control 
varieties as JL 24 and Kadiri 3.Five lines, ICGV 86168, ICGV 86169, ICGV 8617 1, ICGV 86174, 
and ICGV 86177 are being evaluated in larger plots for seed infection and aflatoxin 
con .amination. 

We also have 32 breeding lines that have been tested once for seed-coat resistance. Some of 
these have high yield potential in addition to seed-coat resistance. 

The importance of the stability of seed-coat resistance has been stressed by many previous 
workers. We have studied the stability of the resistant breeding lines, that were tested in the rainy 
seasons at four locations in 1984, and seven locations in 1986 (Tables 2 and 3), using the 
regression approach of Eberhart anj Russell (1966). The regression coefficient (B) for resistance 
plotted against the mean percentage seed colonization (Fig 1, a and b) indicated that in both 
years, the selected resistant breeding lines were as stable as the resistant source lines and had 
similar levels of seed colonization to the resistance source lines. The regression coefficient (Bi) 
for yield plotted against the mean yield over locations indicated that some of the resistant 
breeding lines were also responsive to the environment. 

Table 2. Stability parameters of eight breeding lines obtained from four Indion locations, rainy season, 

1984. 

Pod yield (kg ha-') Seed colonization (%) 
Identity Mean Bi S2di Mean Bi S2di 

ICGV 86168 2420 1.088 376608 12.30 0.495 -17.8 
ICGV 86169 2294 1,060 -50440 10.65 0.288 -21.5 
ICGV 86170 2336 1.101 -22702 14.82 0.336 -20.2 
ICGV 86171 1999 0.991 62199 9.65 0.168 -11.2 
ICGV 86173 2181 1.138 46684 12.47 1.038 -5.4 
ICGV 86174 2262 0.896 54896 12.40 0.266 -19.9 
ICGV 87937 2225 0.910 54465 15.37 1.794 -22.6 
ICGV 86177 2108 1.008 -18571 14.93 1.007 -17.8 

Controls 
i 111 2077 0.868 -36506 11.37 0.868 -26.1 
UF 715131 2151 0.862 14654 9.50 9.606 -13.7 
JL 242 2004 1.040 -27055 39.20 2.565 20.0 
Kadiri 32 2080 0.833 113586 31.13 0.900 48.9 

I. Resistant control varieties. 
2. Susceptible control varieties. 
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a 
3.6 

1. ICGV 86168 6.J II 
2. ICGV 86169 7. UF71513 

2.4 3.1 ICGV 86171 8. JL 244. ICGV 86174 9. Kadiri 3 
5. ICGV 86177 

Z 	 1.2 7 5
 

3:.2 ;.4 * 9
 
c.J 0 o0 ---------------------

-1.2 

-2.4

-3.6
0 4 8 12 16 20 28 36 4024 32 

Mean seed colonization (%)
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1.2

8
 
E 0.9
.' 
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Figure I. Stability of groundnut seedcoat resistance, ICRISAT Center. a. rainy season 1984, b. rainy 
season 1986.
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Indian locations, rainyTable 3. Stability parameters of six groundnut breeding lines obtained from seven 

season 1986. 

Pod yield (kg ha- t ) Seed colonization (%) 

Identity Mean Bi S2di Mean 3i S2di 

ICGV 86168 1833 1.173 76534 9.17 0.37 -1.74 

ICGV 86169 1735 1.084 -3258 19.31 0.46 -3.65 

ICGV 86170 1571 0.844 37960 16.87 0.50 38.26 

ICGV 86171 1617 0.974 25471 9.36 0.56 -4.65 

ICGV 86174 1587 0.783 187221 10.21 0.44 -2.73 

ICGV 86177 1740 1.143 59424 18.13 0.83 11.93 

Controls 
i 111 1552 0.765 56973 9.69 0.36 -2.87 

UF 715131 1424 0.834 67347 9.71 0.59 -0.15 

.IL242 2001 1.229 -12013 41.61 1.21 23.01 

Kadiri 32 1570 0.810 115669 34.94 0.29 4.99 

. ReslIanI control vurities. 
2. susceptible control ,arieties. 

Breeding for A. flavus Resistance at Other Locations 

The group at Tifton, Georgia, USA lead by A.C. Mixon who first identified resistance in PI 

337394F and PI 337409, have successfully transferred this resistance to other genetic back

1983 b), producing the lines AR I to 4 which retain their resistance andgrounds (Mixon 1983 a, 

yield more than their resistant parents in the USA. Breeding activities are in progress in Thailand
 

(TCGIP 1985), and Senegal (Waliyar, Personal communication). At all the centers PI 337394F,
 

PI 337409, UF 71513, i'nd J II are common resistant parents in use as gene donors. Inaddition,
 

scientists in Thailand have used AR I to 4 as new sources of resistance, and the variety 55-437 has
 

been used in Senegal. A dry seed inoculation laboratory technique was used to screen selected
 

lines in Thailand (Waranyuwat and Bhumibhaman 1985).
 

Genetics of Seed-coat Resistance 

Of the different resistance traits, the genetics has been studied only for seed-coat resistance, and 

only one report (Mixon 1979) is available. This study, which evaluated the frequency distribu

tion for percentage seed colonization from F, and F 2 plants of reciprocal crosses between PI 

337409 (resistant) and PI 331326 (susceptible), indicated a broad sense heritability value of 

78.5%. Subsequently, Mixon reported some more segregating population-evaluations to under

stand the genetics, but the conclusions were incomplete. 
have concentrated on understanding th, combiningInvestigations at ICRISAT Center 

abilities of the resistant parents. The main problem in the studies on inheritance of seed-coat 

resistance is the improper matching of the filial generations among testa, cotyledon, and embryo 

in the seed. In the seed of any of the filial generations, the testa belongs to the maternal 

generation while the cotyledons and embryo belong to the next generation. Thus, it has to be 

assumed that seed-coat resistance located in the testa is not influenced by the hybridity or 
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Table 4. General combining ability (GCA) effects for seven parentallines for seed-coat resistance ilL a F0 line tester study, ICRISAT 
Center. 
Parent 

GCA effect 
Festers
 

Kadiri 3 
ICGS(AF)78 	 + 0.97 

+ 1.97U 4-7-5 
- 2.95 

Lines
 
UF 71513 


- 10.57Ah 7223 
- 20.62il l 
- 1.82

Var. 27 + 33.02 
SE 	(line) 

± 1.49SE (Tester) 
± 1.72 

Table 5. General combining ability (GCA) effects for four groundnut lines for seed-coat resistance in a 4-parent F0 and Fjdiallel,
ICRISAT Center.
 
Parent 


F, seed F, seed
FESR-12-P,-BI ,-	 +27.04** +26.85**PI 337409 

-16.19** - 8.84**P1 337394F 
- 6.88** - 8.51*UF71513 
- 2.61 - 7.02** 

Av. SE 
± 1.03 ± 1.13 

Table 6. Reciprocal effects for six crosses for seed-coat resistance in4a -parent F0 and F, dia!lel, ICRISAT Center. 
Cross' 

F, seed F, seed

PI X P2 -2 
 +12.37**P, x P3 + 0.41 + 5.08*p 
x P4 +34.92** .1
p, x P1 -0.45 -1.67P2 X P4 +32.86** +18.68**P3 XP4 + 5.08 -0.41
 

Av. SE 
 ± 2.14 ± 2.34 
I. 11,= FESR.12.P,.Bj1",. 112 P1 337409, p PI 337394F, and P4 UF 71513.2. Reciprocal cross missing. 
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heterosis exhibited by the cotyledon/ embryo. Preliminary studies on combining ability using 

line x tester analysis on F, seed indicated that UF 71513 and Ali 7223 had significant negative 

GCA effects and therefore were good combin' rs for seed-coat resistance (Table 4). Variety J II 
registered a nonsignificant GCA effect. Var. 27 turned out to be a poor combiner. The FO and F, 

diallel studs, (Table 5) also indicated PI 337409, P1 337394F, and UF 71513 to be good 

combiners for seed-coat resistance. Significant reciprocal effects were noticed in sonic crosses 

both in F,, and F, for seed-coat resistance (Table 6), perhaps because of the significant maternal 

influence on testa structure. 

Problems in Breeding for A.flavus Resistance and Future Priorities 

The Resistance Trait 

At least three possibly interdependent resistance traits are known to operate but exact informa

tion on their relationships, interactions, and their possible contributions to reducing aflatoxin 

contamination of groundnut are not clearly established. Their relationships with preharvest 

natural seed infection and infections during postharvest handling and storage are not fully 

understood. Research is required to understand these traits and their interdependence, so that 

breeding activities can be properly focused. 

Environmental Influences on Resistance Traits 

Two questions arise concerning environmental influences on resistance traits; on the usefulness 

of breeding for these traits, and on the problem of the extensive sampling required to confirm the 

stability of resistance. Efforts are required to strengthen the sources of resistance by crossing 

lines with different resistance traits and bringing together the different resistance genes (assum
ing that the resistance genes are non-allelic). 

Screening Techniques 

Currently available screening techniques for low aflatoxin production are expensive. Cheaper 

and more reliable techniques are needed. Techniques to screen single plants for all the resistance 

traits should be developed. 
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Discussion 

B. Singh. How long does it take to identify a resistant line?M.J. Vasudeva Rao. It may take a 
infection by 

long time to identify a genotype with seed resistance toA. j/lam.s as this depends on the heritability of the trait, environmental influence,screening facilities available, etc. We do, however, know from work over the past 15-20 yearsthat resistance does exist in some genotypes. To breed a cultivar with acceptable agronomictraits could take several years if there were significant deficiencies in the quality and yieldingability of the resistant source line. 

354 



B. Singh. The problem of aflatoxin contamination in groundnut is an urgent one in countries 
such as Senegal. 
R.V. Bhat. It is very difficult to predict exactly how long it will take to identify resistant 
genotypes and to come up with resistant cultivars of good agronomic character. Investigations 
on possible varietal resistance commenced in the 1960s. There are problems due to environmen
tal variation and to differences in the toxigenic fungi involved. However, there is no doubt that 
the production of a cultivar resistant to A. /lavuvs infection of seeds and/or to aflatoxin 
production is the best approach to the problem. 
K.J. Middleton. I am glad that this subject has been raised, as the use of A. /iavus-resistant 
cultivars would be an ideal way to control the allatoxin contamination problem. We know that it 
is not going to be easy to produce -ch cultivars, so in the meantime we have to put together a 
management package of all the possible ways of preventing and controlling the contamination. 
M.J. Vasudeva Rao.I agree with you. We believe that a resistant variety should be a component 
of an integrated management package. 
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Polyphenols in Groundnut Genotypes Resistant and
 
Susceptible to Seed Colonization by Aspergillus flavus
 

R. Jambunathan, V.K. Mehan, and Santosh Gurtu' 

Abstract 

Thirteengroundnutgenotypes, eightresistantandfive susceptible to in vitroseedcolonizationby 
Aspergillus flavus were grown in replicatedtrialsat three locationsin Andhra Pradesh, India. 
Seed coats of these genotypes were analyzed for polyphenols using different methods. No 
significantcorrelationwas observed between seed colonizationandpolyphenolscontent, which 

corroboratesearlier observations on many genotypes using a single method for polyphenols 
estimation. 

Risume 

Les polyphinols dars les ginotypes d'arachide risistants ou sensibles AIa colonisation des graines 
par Aspergillusfivus: Treize g6notypes d'arachide,doit huit r~sistantset cinq sensibles la 
colonisation in vitro des grainespar Aspergillus flavus ont 6t6 6tadi6s dans le cadre d'essais 
rbpbtssurtroissitesen Andhra Pradesh(Inde). Les t6gumentsdecesg~notypesont&t6analyss 

pardiffrrentes mbthodes pourla presence des polyph~nols. On n 'a observ6 aucune correlation 
significativeentre la colonisationet la teneuren polyph~nols,cc quicorroboreune observation 
antcrieure faite sur plusicurs g6notypes en utilisant une seule m~thode d'estimation des 
polyphbnols. 

Resumene 

Los polifenoles presentes en los genotipos de cacahuate resistentes y susceptibles a la colonizaci6n 
de las semillas por Aspergillusflavus: Trecegenotiposde cacahuates, ocho resistentesycinco 
susceptibesala colonizaci6n de lasemilla in vitro porAspergillus flavus, se evaluaronen pruebas 

replicadasen trbs localidadesde Andhra Pradesh,India. Los tegumentosde las semillasde estos 
genotiposse analizaronparadeterminarsucontenidodepolifenoles,usandodiferentesm~todos. 
No se observ6 una correlaci6nsignificativaentrela colonizaci6nde las semillasysucontenidode 
polifenoles, lo cual corrobora observacionesanterioreshechas en gran nmero de genotipos, 
usando un solo mbtodo de cuantiticaci6nde polifenoles. 

I. 	Principal Biochemist. Groundnut Pathologist, and Senior Research Associate, International Crops Research Institute for the 
Semi-Arid Tropics (ICRISAT). Patancheru, Andhra Pradesh 502 324, India. 
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Introdluction
 

Tannins, which are polyphenols, may be defined as water-soluble phenolic metabolites of plants,with molecular we ight of 500 or more, and with the ability to bind to and/or precipitate gelatinand/or other proteins from aqueous solutions (Butler In press). Tannins isolated from groundnut seed coat produce cyanidin during acid hydrolysis and therefore belong to the class ofcondensed procyanidins (l.ansden 1982). Turner et al. (1975) isolated 5-7-dimethoxvisoflavonefrom groundnut and observed that it inhibited [he growth of .spergilu.v../lauSanders and Mixen (1978) Link ex Fries.reported a significant and riegat ive correlation between percentageseed colonization by ..If'('rIi//slpra.iti'ux Speare and tanmin content in groundnuts. Amaya etal. (1980) reported a possible relationship between resistance to A. //avus and total solubleamino compounds and arabitnose content in groundnut cult ivars. Lansden (1982) isolated threefractions of tannins from groundnut testac and observed that the fractions inhibited thegrowth
of..I. parafiictm. Karchesy and emingway (1986) have identified various compounds that arepresent in groundnut seed coats and determined the structure of some of the isolated polyphenolic compounds. We examined polyphenol content of seed coats in relation toseed colonizationby ,A. !lav.is in several groundnut genotypes. 

Materials and Methods 
Fifty groundnut genotypes grown at ICRISAT Center in the 1982 rainyseason,and 13 grown inreplicated trials at three locations (ICRISAT Center, Tirupati, and Anantapur) in AndhraPradesh State. India, in the 1985 rainy season were used in this study. The genotypes were testedfor their reactions to in vitro seed colonization by A..lavus (Mehan and McDonald 1980). 

Sample Extracts 

Seed coats of groundnut genotypes were ground to a fine powder in a PICA - mill (PitchfordIndustries. Pittsburg. USA), and defatted with n-hexane in a Soxhlet apparatus. The sampleswere air dried and then further dried at 37' C for 2 h1.
with 5 ml. methanol for I h in 

Ground seed coat (100 mg) was cxtracted 
a test-tube mixer (Stuart Tube Rotator TR-2@, UK). Aftercentrifuging, the supernatant was saved and the residue was reextracted with 5 mL methanol for30 rin and the methanol extracts were pooled together. The residue was extracted with 5 mLmethanol containing I% concentrated hydrochloric acid ('ol, vol) and after centrifuging, thisprocedure was repeated and the extracts were pooled together. Both the methanol and acidifiedmethanol extracts were used for the estimation of polvphenols. Analyses were carried out onindividual replicate seed-coat samples from two locations as well as on pooled samples from all
three locations. Results obtained on pooled samples are reported here as the agreement between
the values obtained on individual replicate and pooled data 
was excellent. 

Polyphenol Estimation 

Total phenols were estimated using the modified Prussian blue method (Butler 1982). 
 Total
phenols were also extracted independently from each seed coat sample using acidified methanolextract and then estimated by the Folin-Denis method (AOAC 1984). Protein-precipitable 
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phenols were estimated by using a modified procedure of I lyernian and Butler (1978) as 
described by Jambunathan et at (1986). The vani Ilin assay was carried out with glacial acetic acid 
(Butler et al. 1982). I.eucoanthocvanidin and proanthocyanidin were estimated according to 
Walterson aind Butler (1983). All the results are expressed as absorbance units g-1 of dlefatted 

-seed coat except in the case of the Folin-I)enis method where the results are expressed as mgg ' 
of tannic acid equivalents. 

Results and Discussion 

The ranges and inca ns of seed coloni/ation and polyphenots contents in 50 genotypes are shown 
in Table 1. A signi ficant and negative correlation (r 0 '. was lotnd between seed0.33. 0.05) 
coloniiation by a ind polyphenols content estimated by the [olin-)eriis method. 
However, when tire groundrut genotype ()(i 43-4-1. i ch showed 97' sced colonization and 
had the lowest polyphenols content (2 rng g 1, \%ias excluded frori the analysis, the correlation 
coefficient (r 0:.06) became insignificant. 

Table I. Seed colonization (%) bly A.pergilluifla'usand polyphenol content in groundnui genotypes'. 

Number of Seed IPolyplheniols 2, Correhir ion 

genotypes colonil/ation ("C ) (mg g I) coefficieni (r) 

50 	 Range 25.6 97.1 2 388 -0.33*
 
Mean 4(1.4 267
 
S - ±1.7 	 ±10.1-

49 	 Range 25.6 71.6 149 388 0.06
 
Mean 39.2 272
 
SE ±1.3 	 ±8.6 

1 Hlaimy wasm 1982 
,

2. Imlunat.d h% the iFohn-Deni nethod on acidilhcd methaIl crwt 

* Signilicanl at 11 0(5 

The reactions of 13 groundnut genotypes to in vitro seed colonization by A./lavus are shown 
in Table 2. All the resistant lines had less than 151, seed colonized, except ICGS 58 at Tirulati 
(19.8),'i) and IC(iS 78 (39.3(;;), ICGS 58 (36.817j), and PI 337394 F( 15.8,)at Anantapur. All the 
five susceptible genotypes had more than 30(i of their seed colonized across all three locations, 
The ranges and mean values of polypherols estimated by the Folirl-Denis method in the 
acidified methanol extract of seed coats and by Prussian blue method in the methanol extract are 
shown in Table 3. Variation betwecn resistant and susceptible cultivars at any of the locations 
was not apparent from these values. the vanillin assay method has been used as one of the 
standard methods for the estimation of degree of polymerization of proarithocyanidin. The 

ranges and mean values obtained did not show a large variation between the resistant and 
susceptible genotypes at any location though the absorbance values g-I of the seed coat were high 
for both the resistant and susceptible genotypes (Table 4). In contrast, protein-precipitable 
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Table 2. Reaction of groundnut genotypes from three Indian locations to in vitro seed colonization by 
A spergillus flavus. 

Seed colonized (%) 

Genotypes 
Ah 7223 
J 11 
U 4-47-7 
UF 71513 
PI 337394F 
Var 27 
ICGS 58 
ICGS 78 
"MV 2 
Faizpur I-5 x NC Ac 17090 
Gangapuri 
NC Ac 17090 
EC 76446(292) 

SD 

I. R Resistant; S - Susccptibe. 

Table 3. content in seed coats of groundnut genotypes grown at three Indian locations'. 
Folin-Denis (Mg g-f)2 Prussian blue (A, 1 g-1).


Number of 
 ICRISAT ICRISAT 
genotypes Center Tirupati Anantapur Center Tirupati Anantapur8 Resistant 224 221 215 262 265 343

(171-271) (124-255) (167 236) (146-422) (96-438)SD (232-440)±29.2 ±41.3 ±22.6 ±81.85 Susceptible 220 ±95.6 ±68.5238 223 279 302 343(161--286) (163-285) (175-272)SD (149-453) (100-467) (246-507)±46.2 ±45.9 ±34.6 ±110.0 ±131.7 ±105.3 
I. 1cans and (ranges) arc gicn. 
2. Acidified methanol extract.
 
3 Methanol extract.
 

phenols estimated using bovine serum albumin showed much lower values in the resistant andsusceptible genotypes though the susceptible genotypes had slightly higher values than resistantcultivars (Table 4). However, the differences were not large enough to distinguish betweensusceptible and resistant types. We observed that leucoanthocyanidin concentration in susceptible genotypes was higher at each of the locations than the resistant genotypes and the leucoanthocyanidin values were the lowest of all the polyphenols that were estimated in these samples(Table 5). However, when they were heated to measure proanthocyanidin, dramatic increases inthe values were observed (Table 5). 

Polyphenol 

ICRISAT 
Reactioni Center 

R 8.9 
R 10.5 
R 14.8 
R 11.1 
R 11.5 
R 13.8 
R 13.2 
R 12.5 
S 32.4 
S 33.9 
S 37.4 
S 36.5 
S 38.0 

±12.1 

Tirupati Anantapur 
8.2 10.7 

10.8 10.3 
10.0 13.8 
11.1 I1.1 
14.0 15.8 
8.1 10.0 

19.8 36.8 
11.5 39.3 
32.0 33.3 
38.0 44.2 
34.0 34.6 
45.2 46.3 
44.9 41.1 

±14.5 ±14.7 
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Table 4. Polyphenol content (ASIO g-1)1 in seed coats of groundnut genotypes grown at three Indian 

loctions z. 

Vanillin assay Irotein-precipitable phenols 

Number of ICR ISA [ ICRISAI 
('enter Tirupati Anantapurgenotypes ('enter Iirupati Anantapur 

59.6 68. 1 73.08 Resistant 645 664 716 

(330 1020) (196 1046) (408 830) (22.4 95.8) (18.6 92.0) (36.4 95.0) 

SID ±199.4 ±242.7 141.0 ±20.7 ±22.9 -18.7 

5 Siusccpuihle 665 624 664 68.5 70.9 76.0 

(295 1102) (19( 984) (388 1028) (20.2 100.6) (24.4 94.4) (35.4 106.6) 

SI) ±288.2 ±303.4 ±248.2 ±33.1 ±26.8 ±27.1 

I Ahorhrn'c al 51o nm ctlcltdaled t%tnit%g . mciinot l ex.trat.l 

2 WivTINand ranges i"re gitI 

Table 5. Polyphenol content (A550 g-1)' in seed coats of groundnut genotypes grown at three Indiaij 

Nications. 

Ixeucoanthoc tnidin lProanthocyanidin 

Number (t ICRISA I I('RISAVF 

genotypes ('enter lirupat i Anantlapur ('enter Tirupati Anantapur 

8 Resistant 15.1 9.8 11.0 659 585 742 

(II 19) (4 16) (9 12) (230 1130) (140 884) (308-996)
 

SI) ±3.1 ±3.4 ±0.8 ±253.4 ±216.7 ±207.3 

5 Susceptible 24.0 14.6 19.4 559 594 734 
(10 63) (3 48) (9 54) (220 1185) (112 926) (324-1164)
 

±22.8 -18.8 -19.5 ±391.8 ±296.7 ±318.9S) 

I Aborhance at 550 nn calculated as tinit, g i. nthanl extract 

Although only the results obtained with the methanol extract have been discussed, the results 

obtained with the acidified methanol extract also did not show any large differences in the ranges 

or in the mean values between resistant and susceptible genotypes. Table 6shows the correlation 

coelticients between the results obtained with polyphenol methods and tie seed coloni/ation 

data for groundnut genotypes grown at ICR ISAT Center. Tirupati, and Anantapur. There was 

no significant correlation betwetn a n. of the methods and seed coloni/ation data.. Also, no 

significant correlation was obta ined between seed coloni/ation data and the results of polyphe

nols obtained with acidified methanol extract of 8 resistant and 5susceptible genotypes (Table 

6). When the data for total polyphenols (polyphenols measured in methanol plus acidified 
ation data from each A the locations. nomethanol extracts) was compared with the seed coiloni 


significant correlation was obtained ([able 6).
 
Analysis of variance was carried out to examine the difierences in resistant versus susceptible 

groups, genotypes within the groups, and their interaction with locations for seed coloniiation 

and various polyphenols estimations. Results showed (Table 7)significant interactions between 

the groups, and also between genotypcs within the groups with locations for most of the 
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Table 6. Correlalion coefficients between seed eoloniation 1)3.-1l pergillusflavusand polyphenols content of seed coals of groundnul genotypes grown at Ihree Indian localions. 

IWR ISA I ( enter I irupai Ananlapur 
M I 
 AM M AM NI1 AM MAM M AM MAMIoal phenok (Witisrn blue) -0.08 (.I t.0.28 0.32 0.40 0.40 0.31I'rolein-precipiable phenols 9.490.19 -0.29 0.15 0.23 -0.07\'anillin ,ssa, 0.25 0.45 -0.35 0.440.1)4 -0.25 0.01 0.03 -0.40 0.01 0.12 0.28ie tIat 0.16t.ucn c \ rlid 0n(.38 -0.09 0.38 0.34 0.11 0.30t 0.33 0.29 0.32IProitIhoc\ itni In -0.19 -0.19 -0.21 0.17 -0.06 0.15 0.34 -0.27 0.27[olin l c1n - -0.05 -0.05 - 0.32 0.32 - 0.46 0.46 

\1 - N. e l di.'l. 
, ScidlhicI Itlh,n~jI L\I,., 
, S., S tIt ,itl LpI,it JiLI11IdIlliethalh I C\Ith Il 

Table 7. Analssis of %ariance(mean squares and prolalilkls lesels). 

Variable!,
 
Source d.A. S' i I' I) VA 1 FP F)
IoIwatin I 17.9 13389.5 8204.1 615.0 3.2 41961.0 1295.1R plcat, I.ocation 6 6.3 1718.7 833.8 10317.) 21.3 19202.0(henot.\pC 22.912 1376.4 67234.3 4658.3 40363(6.3 1298.3 540923.0 9574.8
Resistant (R)%s
Susceptible (S) 
 I 15776.9 138('.0 4166.0 7939.0 796.3 28613.0Resistant 232.37 42.1 60533.9 3410.0 337743.0 23.8 409652.0 7009.2Suceptrhle 4 111.3 95423.6 6964.6 617855.0 3655.2 898725.0 16400.3(IcIot.\ pe loc.itoll 12 39.0 4471.6 329.7 41741.3 83.2 31494.0 681.3(R \5 S) locatItolln 71.5 2700.9 354.6 1089.j 447.2 7920.0 61.3R sislant location 7 31.6 5195.8 195.0 49639.0 61.1SuNceplible - location 17054.0 467.24 46.2 3646.9 559.0 34333.0 30.8 62656.0 12 1'.8 
Frror 72 5.12 360.0 73.8 4263.0 4.04 5065.0 73.8 
I( St'tcdt. lii/,llt,~ (Ii 'Prul'ariblue. I')' Pot i ltl-plrcip:idhie prie tIs. A j" llind"CIIWc lil;I Ietucoailntho uitindln1-P
 

- I rror d I forS( g obsr64jdue Io N IliI rtlS lllons 
P"/ 001 

variables (as denoted by asterisks). Sanders and Mixon (1978), using the Folin-Denis method,
reported a negative anrd significant correlation (r =0.76) between seed color a.d tannin content
in 16 groundnut gernotvpes. lie tannin content in seed coats of these samples ranged from 33.5Ing g- in the highly susceptible to 344 nig g-I in the resistant genotypes. In our 13 genotypes, thelowest \a;le \as 161 nig g- 'ohtained in tie susceptible genotypes grown at ICRISAI Center,and tile highest altic \was again ohtaimed in the susceptitlegenotypegrowkn at ICRISAI*Centerthat had 286 nig g 1.In the 49 genotypes that were grown in tlie 1982 rainy season, the lowestvalue \wias 149 nig g-J and the highest value was 388 mg g J.1hus our va lues in the susceptiblecultisars %ere much higher than those reported by Sanders and Mixon (1978). However, theseed cootni/ation data of Sanders and Mixon ( '78) showed a range between 10.3 and 91 .3r/ 
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,
while our seed coloni/a tiondata on 13 g'notNtpes ranged from 8. I to 4.3' . In our data obtained 

on 50 genotypes, if we eliinated one genotype that showed 97.01"i seed coloni/ation, the 

correlation was not significant. 't is true that the absolute quant ity of polyphenols reported from 

laboratories varies widely because of the nature of the cornpourid measured, the nethodologies 

involved, and the influence of such other factors as environment and laboratory variations. 

HIowever, we observed no significant correlation between seed cohoni/ation data and polyphe

rIols content in methanol and acidificd methanol extract using a variety of methods. 

We made in attempt to find out ifany o the various Muethods of polyphenols Cstiation could 

be useful to aid pathologists and plant breeders in evaluating and screening resistant and 

susceptible groundnut genotypes. Although we ohscr\ ed no signilicant correlation between seed 

coloniiation data and polvphcnols, it is necessary to determine wvhether any of' the various 

individual polvphenolic compounds could be involked in resistant characteristics of groundriut 

ar, we can conclude that total polyphenolsgenotypes. IHo%%e~cr, rfto the data obtained so 

estimation in groundrit seed coit is not a reliable indicator when screening resistant genotypes 

for seed coloni,ation by ,,l.sfwrgi//.s lavui.s. 
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Discussion 

R.E. Pettit. I undersiand that what you are reporting here are total phenols, if you look at theindividual phenol compounds you might get a better correlation.R. Jambunathan. I agree; and we plan to do this wheit we have found suitable methods. 
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Geocarposphere Mycoflora and Resistance 
of Groundnut to Aspergillusflavus 

S. Nahdi' 

Abstract 

Four groundtnut genotypes. two resistant and two susceptible to in vitro seed colonization by 
As pergi IIus llavus (I VS(1AF). were grown in tield trialsat ICR ISA T Center in the 1984 and 1985 
rainy seasons. (ieocarpo.sphere mYcoflorae were examined and significant quantitative and 
quatlitattiledife'rences aere obser 'ed bet aen cenotvpes. Populations of A. flavus were higher in 
the geocarpospheres of the IWS(C :F-susceptihle genotypes than it those of the I VSCAF
Ie.stisfant genotypes. 

(;einotYtpes i Ce also ct aluated at the tine ofhartest for levels ofseed inkction byv A. flavus. 
/he I I A l-sutseeptilble,( genot.ypes had higher levels of inkection in seed fron nondamaged 
malture pods than had seed roion I VS("AF-resisti genotypes. 

In ;greenhouse experiment. exudates were colhcted rotn pods olthe liurgenotypes. xu
dattec. from the two I VSC, I-resistantgenotypes inhibited in vitro germination of"A. flavus 
spoles to agrea ter degree than did exudates from pods of lVSCA F-susceptible genot ypes. The 
implications of these lindings are discussed. 

Risuni 

Microflore giocarpospherique et resistance des cultivars d'arachide i I'invasion par Aspergillus 
flasus: Quamreg~ mit'pes d iraehide. dhnt dew. resistantset deu. sensihlest) lacohoisation i 
litE des graines patr Aspergillus flavus (IVS( AtF). ont Ot Otudi&s dauns le catdre dessais au.x 

thnp.s ;.,('entre l('RISA I lpendant fes saisons pluviales ie 19S4 el 19S5. l.exanen de la 
mientt'toll,fe g?, eampo.%pheique atnuil ihdes dif1rences qua1ntitativeset ,lualitativessignificatives 
entileh'.gctl) pt.. I ;populationd Aspergillus Iia'us est pius Mhl &-dans Its gtiocarposphres 
d.%gcnitp/L rt uA gnotlpe.s r?.sistants.lfe.t n.%ibhs 11amtpa/ 

le% nilemhi.( d'infection de. graines par A. Ilavis tu pour difkrentsont tcgalenent tutudiY.'; 
goiiot.p. t Ia riuiolte. Ie.%ginot.Vps sensihhes alltest I I "S( F nontrentdes tautI.x d 'infctionplus 

le-v is. dan. Iesgraines pi eat ttdegousses im))es el intICte. que lesgtnotypes rsistantsau test 
IVS( A F. 

)1an.sln es111i coinduit en .elle. les exsudat,% des goulses de qualre gMnotYpes ont tc ratnass. 
Les essudatsprole v.sde dei. guIot.; pes rtsistants ;) I VS( A Font inliihi Ia g rmintionin vitro 
des spores d 'A.flavus plus que les exsudats des gousses des ginotypes sensibles i)I VS( "AF Les 
c'onso quence. de ces rusultssot e.atines. 

I I1",qdochimal I.llomN.Ieguml". Plwgtial,illn lt niim jj fortlivt IjtopjCsj('RISA I ). etil C'r psIv,jTcIn,,lltltt.Stiini-\rild Pala t.
 

Antllia Pitadcsi502 324. India. Piestti aItddrt(uinticil l Scitlhji c and lInduitimial Rcst'arch ((SI, I. -tindand )rug Toixictology 
('ctirt. Naiitiial Institiutt (i Ntltion. Indian ('incil MlMedical Rest'ich..hlnai Os rmani P( .IIrdtrahad 5001)07. Ildlil. 

I(R ISA I (tinftrcncc Paper iio(P 43t) 

(illtion. I(R ISA I (Inienall twril ('rip, Rtstalch Institute I rtipics) 19,yAlitoxiln Cotlaminalltion ol groundnut:hi tiht Semi-Arid 
proccedings of til Interiitnal W rkshop.6-QOct 1987. I('R ISA I (Center. A.IndiaIVatlanchai 502 324. India: ICRISAT. 
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Resti nene 

La micoflora geocarposrerica y la resistencia del cacahuate a Aspergillus flavus : Cuatrogenotipos de cacahuate. dosresistentesy dos suseeptibles a la colonizacitnde hs semillas in vitropor Aspergillus flavus ((SWI AF) se evaluaron en pruebas de campo en el (v'entroICRISA Tdurantc hs temporadas Iluliosas de" 19S4 y /9S.5. Se exanmin6 la mico/lora geocarposl ricaencontrndose dil'rcncias eulhtaiti -asY cuintitativa.; entre los genotiposestudiados. Las poblaciones de A. la'us lizeron ma votes en lisgeocarplskras de losgenott'pos susceptihles a CSI VA Fqie el los genotpos resisltenesa I n1)1%/ma.
I. s genotipstanlbirrsv eviharonwen el momento de hi cosecha parI cuantificarlos niveles deinfcechin de his semillas por A. flavus. Los gelotipos sensibis en Ialprueha CSIVAF teniannilteies nis alos d in''inj, en lais semilas procedentes de vainas maduras intactas, que lassemllas procedtnte.s de genotiposre 'itentesen hi prueh c(SI VA FEnl on experiment(lL' iniernadero.se recole aron ios exujdidos de his vainastie cuatrogenotipos. Los exiidados procedenles de hos dos genotipos resistentes en ha prueba CSIVAF,'hiblieron acjn in vitro delasporasd A. flavus en imavorgdradoqiu los e.udadosdelas tainasdc los genotipos susceptibles en la prueha (SIVA F. 

Introduction 

It is established that the developing groundnut pod influences the constitution of microbialpopulations in the soil around it (McDonald 1969, Griffin 1972, Subrahrnanyarn and Rao 1977).Though quantitative dilfTcrcnccs have been found in geocarposphere mycotlorae of groundnutsgrownfungi asin difTerent parts of the world, qualitatively they have been remarkably similar. Such.. .Vpergilh/'/aiuvu . .. , llrg/u. 119l,I, .'l.s/,rgi//u. 's Itreu, . ariu,,, o.\-vrtrum ["tsa
rium . hi icilimi /ir/t i , and P'tici/lliu citri-umi have been commonly isolatedfrom geocarposphere, shells, and seeds of groundnut (Diener ct al. 1965, Joffec 1966, Jackson1965, 1968). f these. ,.I. ..Jfiu is the most important as sotie strains produce the highly toxicand carcinogenic substances known as allatoxirns. t-arl icr stutdies on the groundniut geocarposphere were restricted to a few commercial cuhlivars that wyere all susceptible to pod and seedinvasion by A.-i . (M.\Ic)onald 1969, Stihrahmanvai and Rao 1977).
In recent .years, genetic resistance to iriasion oflseeds by ,. 
 !laitw. has been identified in somegroundtt genotypes. NIixon and Roger (1973) and 'tchl n arid Mc Donald (1983) reported%arietal diflerences it' reaction of groUndnUts to in vitro seed coloni/ation by AI. la'ts.Resistance was based in the testa and wa. lost if the testa wkas damaged.Several genotpcs resistant to in itro seed coloni/ation by .A1.f/lavtr. have shown goodresistance to seed irilccti on by .. /a1.1 ill thelficld, bit SO hac some genotypes that do riot havehigh resistance to -1.f/avt. iitt laboratorv irioc latioi tests. This study aimed to identify anyqttittatise or qualitativc di ffererices between the gcocarposphere mycoflorae of genotypesresistant and susceptible to preharsest seed insasion by .f.//vai., as it was thought that suchdiffererice could possibly itllIericC pod iniasion by' .-.. /avi% and other fungi. 

Materials and Methods 
Field Trials 

All trials were conducted on Ailisols under rainifed conditions at ICRISAT Center farm, 
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IPatancheru, India, in the 1984 and 1985 rainy seasons. Four groundnut genotypes of similar 
duration, TM V 2, EC 76446(292). Pi 337394Fand .1 11 were grown in split-plot designs with 
three replications. .1II and Pl 337394F are resistant to seed invasion by A..llavus,and TMV 2 
and EC 76446(292) are susceptible. Two sowing dates were used each year (14 and 29 .un in 
1984: 24 .Iun and 15Ii! in 1985) to ensured ifferent environmental conditions during the growing 
season. Plots were 9-n1 long and 4.5-ni wide, and seeds were sown singly at 10-cm spacing along 
rows that were 75 cm apart. 

Examination of geocarposphere soil 

The geocarposphere mvcoflorae were examined at different stages of maturity, (I) at 30 days 
before normal harvest, (2) at normal harvest, and (3) 10 dayvs after normal harvest. To obtain 
geocarposphere soil two plants were taken from each row of each plot (i.e., 12 plants plot- ).The 
plants were shaken to remove loosely adhering soil, allid the most mature pods detached. The 
pods taken from each plot w%'ere bulked, and randoni samples of 10 Undamaged pods were then 
taken. Each lot of 10 pods was placed in itsterile flask containing 50 ml. of sterile distilled water. 

-
Flasks were then shaken for 2 rin at 250 oscillations nin i. Before tie soil suspension had 
settled I-nil. samples were drawn off ind sets of serial dilutions made. I lie dil ution plate 
technique was used to obtain both Iqtalitatixe and quanlitatiVe assessment of tile geocarpo
sphere i yoflora. Three petri dishes were used for each salmple. One ini, of the selected soil 
suspension wits added to i sterile 9-cm diameter pur dish and then 20 nil. of cooled, niolten 
C/apek )ox-Rose I3engaI-Streptol vCin agar was poured into tile plate which was swirled 
gently to mix tile soil suspension throughout the ruedinm. I lie plate was then incubated at 250C 
!or 7 days, and fungal colonies that had developed were then COLnted aind identified. [tch 
coloiiy was considered to have originated from a single lungal propagule. 

[lie qualntity of soil present on each lot of 10 pods was deteriiined intile following way. The 
pods were removed from the flasks, and any soil suspension still adliering to them was washed 
back into the flask with a stream of distilled water. The water inthe flask was evaporated by 
heating and the mass of dry soil remaining in the flask deterinimed. Numbers of fungal 
propagules g I of dry soil vere calculated using the formla: 

Number of tingal colonies - dilution taken 
t-u galI popul at ionrg of ge oca rpos phlere soil-- _____ 

Mass of dry geocarposphcre Soil 

Fungi were also expressed itspercentages of the total mvcollora using tile formula: 

x 100Percentage o'a spcific fngus= Nnmber of specific fungal colonies 

Total number of ftrigall colonies 

Testing for seed infection by fungi 

At each harvest, samples of the most mature pods were also taken to estimate seed infection by 
1. /lavt. Pods vere hand shelled and 200 seeds from each plot were surface-sterilized by 

iniersiOi ii it0. I" a'queous solution of' mercuric chloride, rinsed in 3 changes of'sterile water, 
lien aseptically plated onto C/apek Dox-Rose lBengal-Streptomycin agar mediun in 9-cm 

diameter petri dishes. 5 seeds to each plate. Plates were incubaited at 250C ' for 6 days, then any 
fulgi growing out front tile seeds were idntified and recorded. 

367 



Greenhouse Trials 

Collection of pod exudates and testing for effects on germination and growth of A. flavus 

The same four genotypes (TMV2, [C 76446(292). I'l337394F, and .111) were grown in t
greenhouse trial Iin specially designed plastic pots that enabhlcd the roots and pegs/pods to

develop in separate compartments (Fig. I). One seedling was raised in each pot, with tie roots in

ield soil and the pegs pods developing in prewashed. sterilized coarse white sand (Fig. 2).

Before pegs entered the fruiting medium, it wis watered with 1000 [Il
l.CiSO4 (gypsum) Solution 
containing I gin ( (1000 l.) 1deioii/ed waier. laking 125 days after sow\ing as the normal

maturity time, pods \were lifted from the Iruiting medium, v\ithout 
 causing anydamage to them,at 30 davs before nornal matturit', at norllial maturity. aid atl days at'r norInal lmaturity.
Around 10 15 mature, healthy, uindamaged pods \were taken from each plant ind fully
immersed in a beaker of glass-deioni/ed distilled water. Alter Xh1,the pods weCre ,unloved and all
the pod exudates from one plant w\ere pooled together. lie fruiting medium (said) in which tile
pods had developed was leacltcd with water after tile pods %,cre remo\vcd. '[he pod cXu(ldte
samples and leachates from the fruiting medium were filtered through two layers of Whatman 
No. I filter paper, two to three times, and then free/-dried in flasks. Flasks were sealed, cooled, 
:ind stored at 5" t_until rcquired for analyses. 

Figure 1. Single grotndinut plant grossing in spe- Figure 2. (Croundntitplant %hoisingpegs alnd podsci+ designe d pots ts il ro.iing conm111partI ment (.I)lli dehplmm g in fruiting nedium of presastshed, sterseparated from fruiting comlpartment (I)) green- ilized sand, greenhouse trial, I(RISAI (enter,
house trial, I(UISAT (enter, 1984. 1984. 
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Effects of pod exudates on growth of Aspergi!lusflavus 

During analyses, freeze-dried pod exudate samples were dissolved in 10 ml. sterile glass
deonized distilled water and sterilized by Millipore filtration (pore size 0.22 pm). 

-
Plates were prepared by pouring I ml.of a spore suspension (4 ,10 8spores mil; prepared 
from a 7-day-old culture) ofA.fliwus into a 9-cm diameter sterilized petri dish and adding 20 mL 
of cooled molten Czapek D)ox-Rose Bengal-Streptomycin agar medium. A 6.25-mm diameter 
BB3. disc loaded with I ml. of pod exudate was placed on the cooled A/lavus-seed-d plate, 

incubated at 25 to 27C' for 5 days, and then examined for any evidence of inhibition or 
stimulation of growth of tl. fungus. Five replicate plates were used for each sample. 

Effects of pod exudates on germination of ,,!spergil!,' im."', spores 

The hanging drop method was followed to study tie effects of pod exudates on A..lavus spore 
germination. A spore suspension of A../lavus was prepared from 7-day-old cultures maintained 

-
on Czapek yeast extract medium and diluted to give 500 700 spores 0.1 ml, drop. 
Sterilized pod exudate samples were shaken for 2 riin on a vortex rotator and 0.2 il ,of the 

sample was transferred into a sterilized vial containing 0.2 mi. of A.flavus spore suspension. 
The sample and spore suspension were mixed thoroughly on a vortex rotator. Iwo drops ofthis 
mixture (exudate solution and spore suspension) were taken on sterilized slides and placed in a 
sterilized moist chamber. For each sample, five replicate slides were prepared. Moist chambers 
were kept in the seni-dark at 25 27" C. The germination of the spores and lengths of germ tubes 
were observed after i520 h of incubation. For all treatments a control was also included, 2 
drops from a mixture of 0.2 ml. of spore suspension and 0.2 ml. of sterilized glass-deionized 
distilled water taken on a slide. 

Statistical Analysis 

Using arcsine transformed values, analyses of variance were done for seed infection levels by 
A../lavus and other fungi separately for two sowings of each field trial from the 1984 and 1985 
rainy seasons. Analyses of variance were done separately for populations and also percentages 
of ,,l../avu., A. niger, Penicilliwn spp, and several other fungi in geocarposphere soil of four 
genotypes for two sowitigs of each trial of 1984 and 1985 rainy seasons. Using arcsine
transformed values, analyses of variances were also doie for spore germination and germ tube 
lengths of A. flavus in pod exudates of four genotypes from the greenhouse trial. 

Results and Discussion 

Geocarposphere Mycoflorae 

In both years, the total fungal populations in geocarposphere soil of the four genotypes 
increased with pod niaturity. The second sowings showed higher total fungal populations in the 
geocarposphere than did the first sowings. Genotypes did not show significant differences for 
total fungal populations. 

Populations of A.flavus increased as pods matured (Fig. 3). Significant differences were seen 
between genotypes for A. flavus populations in geocarposphere soil. Genotypes J II and PI 
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337394F had significantly lower populations of A../lavus than had TMV 2 and EC 76446(292). 
Populations of A. flavus in the geocarposphere were quite low in 1985 for both sowings, 
presumably due to the severe drought (Fig. 4). The 1985 crop received less rainfall throughout 
the growing season. In 1985, the first sowing did not receive rainfall during the last 33 days, and 
the second sowing during the last 48 days of the crop cycle. The second sowing of 1984 lacked 
rainfall in the last 19 days of the crop cycle. Rainfall was regular throughout the crop growing 
cycle of the first sowing in 1984. Because of prolonged drought in 1985, the moisture content in 
geocarposphere zone might have fallen too low for the activity of A.filavus. The geocarposphere 
zone is affected before the shell and seed. 

Significant genotypic differences were also observed for A. nigerandPenicilliumspp popula
tions in geocarposphere soil. J I I had significantly higher populations of A. niger than TMV 2 
and EC 76446(292) in both sowings of 1984 and 1985 (Fig.5). PI 337394F had significantly 
higher populations of Penicilliumspp (Fig.6). Among three Penicilliumnspp isolated, P.finicul
osutn was dominant. Fusariumspp also showed an increase with pod maturity but no significant 
differences between genotypes were observed. 

There were significant differences among genotypes in the percentage of different fungi in the 
total fungal populations in geocarposphere soil (Fig.7). The A../lavus percentage was signifi
cantly lower in .111 and PI 337394F than TMV2 and EC 76446(292), A. nigerwashigher in J II 
and Penicilliunt spp higher in Pi 337394F genotype geocarpospheres. Joffe (1969) reported 
A. niger and P../'micuhiostn as antagonists to A..flavus. The antagonism between these fungi 
and interaction with other fungi may have resulted in low percentages of A. flavus in the 
geocarpospheres of . I1and PI 337394F. 
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Figure 4. Weekly rainfall ICRISAT (enter, Jun-Dec 1984 and 1985. 
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Figure 5.Populations of Aspergillus niger in the geocarposphere soil, ICRISAT Center, 1984 aud 1985. 

Natural Seed Infection by A. flavus 

Results of seed infection by A.flavus of four genotypes in 1984 and 1985 are presented in Tables 
I and 2. Levels of seed infection in all genotypes increased with pod maturity. Genotypes differed
significantly for A. flavus seed infection. EC 76446(292) and TMV 2 had significantly higher
levels of infection than .111 and PI 337394F. Infection levels were higher in the second sowing
than the first sowing because the former crop was exposed to drought. The high levels of
A.flavus infection in 1985 were possibly due to the severe drought experienced by the 1985 crop, 
as compared with the 1984 crop. Drought stress may eliminate microbial competitors ofA..flavus by increasing the geocarposphere soil temperature. At the same time, it may increase
susceptibility to fungal invasion by decreasing the moisture content of the pod and seed, and by
reducing their physiological activity (Cole et al. 1985). 
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'Table I. -Ispergillusfla'usseed infection in four groundnut genotypes ICRISAT Center, rainy season 
1984. 

Seed infected (%) 

Ist sowing 2nd sowing 

(ienotypc Ilif 1, HI III Hi 

P1 3373941- 1.3 2.3 3.3 0.7 1.3 3.3 
(6.5)1 (8.7) (10.5) (2.7) (6.5) (10.3) 

.1 II 0.3 1.3 2.0 0.3 1.3 2.3 
(1.9) (6.5) (8.0) (1.9) (6.5) (8.7) 

I MV 2 1.7 4.7 8.3 2.3 4.7 6.7 
(7.3) (12.5) (16.7) (8.7) (12.4) (14.9) 

F( 76446 ,292) 6.0 17.3 4.3 13.3 19.7 
(14.1) (24.5) (11.9) (21.4) (25.7) 

SI: (±1.2) 

(' (i) (19.1) 

I IIi csIll mIIItf. I I,ir drc nil hia Il, I1 lI ailte hlc. t. 
i'guicl% mIin II firhl'% arc[ alFcsmIe-IramII rme %aliclls. 

Table 2. A.sIergillusflavus seed infection in four groundnut genotypes, I(RISAT (enter, rainy season 
1985. 

Seed linected ('l 

Isl sowing 2nd sowing 

(;enotlpe ItII il. II I II; 

1 337394F: O0 0 7 2.3 1.3 2.7 3.0 
(0.0)' (3.8) (8.7) (6.5) (9.4) (9.9) 

.1 i 0.0 0.3 1.0 0.7 1.0 1.7 
(0.0) ((.9) (5.7) (3.8) (5.7) (7.3)
 

[MV 2 1.3 2.7 4.3 5.3 9.3 10.0
 
(6.5) (93) (lL.9) (13.3) (17.7) (18.4) 

EC 76446 (292) 4.0 7.0 11.3 10.3 18.3 22.0 
(11.3) (15.3) (19.6) (18.3) (25.3) (27.9) 

SE (±1.21) 

CV (%) (17.3) 
11, : rcI I maturit)'; 11, Normal har~csI I1 [litc har, e . 

2. Ii llrc, in pareIlimlCcs arc ariflm l-iransflolrmcd t'lltc%. 
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Influence of Pod Exudates on Germination of Spores and Growth of A.flavus 

Samplle.s oI p(d extidaics ()I P1 3.173.941" and .1 II collected ait rlitmal I ltlli,, and lt 10 da
all'r r11iatlit. lpr(oduced small hut clear inhihition /tM ,esarloutd itrlprl-egriat discs placed opetit d sh cultures of .I. /a ,i, (1-ig. Xa and h). I)iscsl iip cgliated %withe.\tdates Ircln pitl, ofl C 
76446(292) %crc eigron by A. vo.% (V 1g. 8).*l 

a. I'1 337394 IF b. .1 II c. I( 7o440 292 

. t .. . ;++ .i+ +.:++,,< 

4'4 

I 9,1111 N. ilaiIih iiilihimiii d hlri~i//i%filim amul disk", lii&irr~ ~r~ j s 1fliiit i14s
1 1 il I% . P[ ; 4 1 1 , .I 1 21 

00 

50,um 

c 2 (1. 7044t,' (202 ,( 

oA 

Fig nr1. SpoIgermrin l)rirr iion I 
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Ip r'l)if '/ufi Iniallpool v's ilt,,,l* lar, ll ll gi l i I a.,, 1 7, im lr 
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Effects of pod exudates on germination of A. flavus spores 

Spore germi nat ion in pod exudates offPI 3373941-and J I I samples collected at nornal maturity 
was significantly lower than in cxudates from pods of TM V 2 and -C 76446(292) (Fig. 9 a-d). 
lxtudates collected 30 days before normal maturity showed no significant difference between 
cultivars. 

Effect of pod exudates on germ tube length 

III CxNItdItCS of ciLti vars TMV 2 and F. 76446(292) spore germ tubes were significantly longer 
than spore germ tubes in exudates of .1 II and VI 3373941- (Fig. 10 a.c). 

Hale and Griffin ( 976) reported that injurv to pods significantly stimulates A./1'vus spore 
gerinination in the gcocarpospheri. Pass id ( irillin (1972) found that amlong the sugars exuded 
frota groundnlt roo!s glucose was the most clfective in stimulating the germination of conidia of 
A. lav. . Fructose anrid ere iiuch less cffectivc. But tie work of Italc ( 1978) shows thatsucrose %% 
aniolg sugars exuded lromii pegs aid fruits of plants in axenic culttire sulCLOSC was present in the 
largest al11Onint, flructosC was ,econd in quantity. i(] glucose was present in the least aiount 
except in the pod stage. Ihis shows that glucose is not the only carbon source for germination of 

a. VK( 76446 (292) 1. JI! 

5)am .50 am 

c. Ill 337394 U 

_- _i rt, II). Germ tube lenglh ofconidia of .. per

emidale,,of gro riodmilv 
)pt s ;I. E( 76446 (29)2), 1..1 I11. c. P1 .37394 F. 

50 im gil/, .fluhru in pIodJl gemo
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.,I. .lavus conidia. Pass and Griffin (1972) reported that an amino acid mixture containing
glucose supported the highest spore germination. 

Pod exudates produce different types of sugars, amino acids, and many other compounds.
Possibly some of these compounds arc produced by certain cultivar(s) in specific quantity and 
quality, thus influencing the growth and germination of f'urgal spores.

Results of iihis experiment show that pod cxudates may increase or inhibit growth and
germination of A. /lavtts. It is the pod cxudates, interaction of different fungi, the inherent 
characteristics of lungus and genotype, and some other factors that influence the mycoflora in 
the geocarpospheres around seeds of different genotypes. 
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The Semi-Arid Tropical Crops Information Service 
(SATCRIS) and the Aflatoxin Database 

L.J. Haravu' 

Abstract 

A description oltheSA TCR ISProject at ICR ISA TCenter,the characteristics ofthe SA TCRIS 
database, an1 its inlormnation retrieval and dissemination services for groundnut, and the 
specialized database on alatoxin. 

RWsuni 

Les ressources et services du Semi-Arid Tropical Crops Information Service (SA'FCHIS) et la 
base des donni~es sur les anlatoxines : 1,activit6 principale diu projet SA TCRIS au Centre 
ICRISA 7'les caraetbristiquesde la base des donnbes SA TCR IS. ses services de recherche et de 
diltfusion des donncessur I ",'rachideaihsi que Ia base de donnees spccialis~eesur les aflatoxines 
sont decrits. 

Resdmene 

El Servicio de lnforniaci6n sobre Cultivos del Tr6pico Seniirido (SATCRIS) y la organizaci6n 
electr6nica de datos e informaci6n sobre las aflatoxinas : Se presenta una descripci6n del 
proVecto SA TCR IS del Centro ICR ISA T.las caracteristicas de Ia organizaci6n clectr6nica de 
datos e intrinacitin delpro.vecto ' los servicios de xccuperaciuny distribuci6n de informaci6n 
sobre el cacahuate, asi como Ia organilacion electr6nica de datos e inlornlaci6n sobre 
al1atoxinas. 

Background
 

ICRISAT's capacity to provide inforniation has been considered important not just to keep its 
own scientists abreast of the latest developments in their fields of interest but also to satisfy 
information requirements of many others who are working on its mandate crops in laboratories 
and fields located in areas where information resources are either nonexistent or meager. It is 
against this background that ICRISAT established a specialized information center, the 

I fa\nagc I hr,1i i In)d Ser InficI nal ('rol lo tire Tropics (ICRISAT),M11cnl,tIJi ces. naii % Research Istitute Scmi-Arid 

Palmd iciheti ladesh India
. \N dhiai 502,12.1, 

( RISAI (onericc Paper i,,( I' -411. 

( italion(RIS..A I Inter natinaln (ctoips Research Intituic for tile 1981).Sciii-Arid Tropics), AlIaloxin contamination offgro ndnut: 
pro,:cccings tonal 19N7.I(RISA I' Center. India. Patancheirt, A.P.502324. India: ICRISAT.('I tile I litrrrl Workshop. 6-9Oct 
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SorghumI arid MIilets Informtion ('enter- (SM IC) in 1976asa part of'its L.ibrarvand I)ocufleniation Services to collect, collate, and dissleminate inlor~mation on sor'ghum and nIillets toresearch workcrs throughout the scilli-arid tropics (SAT). Ihe Inancial support to this projectwas partially prosided h the Interrratiiial l )evhelopnret Research ('entre (II)RC). Canada.Irfformation pIroducts and sers ices pro MIed by SM IC includd comprelcherisive bibliographies,selective disseminination oit infortio (ol )l), literature searches, an information analysisservice, and a docuentrtlcli.r,, setr ice. It is also publishcd a ICwslettcr thrice ayear in l'nglish
and [-reuch to pros de f'current asaIiless to lesarchers in ihe'SA I.A project plroposal to CXpalnd the iwilorilltIo rCsou.res, products, and services O'.SM IC tocover all lise ICRISA I maridate crops %%as made in I980 to I(' s
I".,,management and toIf)RC. [he prolicet. kuown as the ,Scmi-Arid I ropical ('rops Iifurrratiol Service, or SAfCRISfor short, was approscd in Noseuibei 190X and is Imitded in part bY II)R('.
A rmaor departure of SA ICR IS Iin its predecessor SM I( is its emphasis oi the exploilation of nIachirlic-readable products of 	 global databasc producers such as the CommonwealthAgricul:ural Imiereau International (CAMIll) and the Food anld Agricultural ()rganiatiorn of theUnitcd Nations (I"A))fo inhou, dtatabase des.elopurerit and on the provision of ilrifu1riii1tionretricsal and dissemination ser lices. I li cCirphasis is also on closer collaboration wsith databaseproducers, both for input plroision, and ill ulili,alion ot iheir expertise and infrastructure fortile regular and timiely deliers f corprelhrlesiVe information dissemination services to usersthroughout the SA,,.An irilportanit goal oflICR IS is to establish a SATC'R IS subeenter atthe I(R ISA I Saielian ('enter (IS(') in Nianrcy. lhis subcenter will ensure the capture ofnorcosentional literature especially of West Africanr origin and the input such data into theSA ICR IS data basc. It will aliso provide document delivery services from its collection and liaise

with the center in 	India for other sers'iccs. 

SATCRIS Objectives 

(uisen these abos e broadly stated goals, SA ICRIS has set for itself several tasks and objectives. 
These are: 

lTo consvert the existing database of'SM IC into computer-readahle form for interactive use 
at ICRISA I. 

* To provide input to global systems such as AGRIS and (.'AM13 off hoth conventional and
n10n-corntional information generated within ICR ISAr.* 	 lo create a machine-readable data base of SA ICR IS using subsets of 'CAI31and AGRIS
databases and to integrate such data with locally generated input.
* 
 To proiide SI)I, bibliographical, and literature scarch services using iihouse and externaldatabases to scientists and others inthe SA V working on ICRISA] mandate crops.

" To deselop a subeenter of SA ICRIS at I"SC in Nia mecy, Niger.* 	 To hold a series of workshops ineastern and southern Africa to promote SATCRIS 
among potential users, and to build contacts with librarians and docurnentalists, and,* To undertake %vell-definedinformation aialysis projects in collaboration with scientists. 

User Community 

The prima ry users of SATCR IS information products aridservices are scientists aid researchersat ICRISAT Center, ISC. in western, eastern, and southern Africa, and in the national, regional, 
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and international programs collaborating with ICR ISAT. Scientists, academics, iind exIension 

personnel in oher national and regional institutions will also he provided service on req uest. 
lhe user conimnunity of SAICR IS coni prises plant breeders, entomologists, plan t pathologists, 

bota nists, microbiologists, biochemists, agronomists, agricultural engineers, inuid an water 
management specialists, agroclimatologists, soil physicists, soil chemists, econoinists, social 
anthropologists, and extension personnel. [he output and services olSAICR IS, it is envisaged, 
will go a long way to providing tile necessary information support to the stated userconinunity 
in the SAT, particularly in Africa where library and inlorniation systems are still far from 
adequate. 

Outputs 

The I'ollowing information prodtucts and services will be generated: 
* monthly SI)l Output to users throughout the SAT,
 
" on-dena nd literature search outputs,
 
• abstracts, jourmals, and annua lbibliographies in collaboration with CABi,
 
" nflormation analysis products such as literature reviews,
 
* a newsletter, and 
• interactive access for scientists at ICRISAT to the SAICRIS datakse. 

SAICRIS I)atabase 

The central resource of SATCRIS is its machinte-readable database, that has been developed by 
obtaining monthly subsets of the ('AIHI and AG R IS databases in machine-reada ble form. The 

two dat.iab.ises lave been chosen for ('A Il's excellent coverage of primary jotrna I literature, a id 
Ac; R IS's coverage of nonconventional literature. 

A comprehensive profile of SAl('R IS interests has been communicated to ('A Ill so that they 
can genrate a relevant monthly subset of their database. 

A versatilc soltware package called BASIS is tised to derive data froin the two ditabases. This 

da.ta is integrated with locally generated input to create a single, multidisciplinary database on 
I('RI SAl mandatt crops. Ihe existing SM (' database will also be integrated into the SAT-

CR IS database using the BASIS software. 

SI)I Service 

lhe ma Mil SI)I service of SM IC has been replaced by v fully automated service, i.e., one in 
which the selection of items to be output to agiven individual is based on a carefully constructed 

and tailored user profile. The emphasis is on meeting as specilically as possible, tile current 

awaireness neieds of individual scientists. A two-level service is provided. The first is based on 
macro-profiles which nlv serve it small research station, and the second provides highly specific 
and persolali/cd profiles. I lie service will be based on tile monthly inputs received from' CABI 
and AiR IS. 1ASIS modules will be Used to store the user profiles and for the production of 
SI)I outputs. Ihis syst in vili allow its to offer tie service to many more users thun was possible 
using manual selection. 

SI)1 service outputs are backed up by document delivery services. SATCRIS uses its own 
resources as well as those of others (e.g., NAI., 131.11)) including the faster Dialorder services 
wherever necessary. 
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Literature Search Services 

SMIC responded to more than 300 requests for Iiterature searches from 1984 to 1987. SATCRIScontinues to promote this on-demand search service, using the SAICR IS database whereverpossible. Where access to a broad spectrum of information is required, searches are done usingexternal databases in an online mode, using the )IAL.OG systern in the LISA.IFxperience has shown that searches done for a given individual are often found useful byothers. Dissemination of informnation on completed searches e.g., through ICRISATResearch and I)evelopment leaf let series distributed with our newsletter At 
the 

ICRISAT, andthrough items in our other newsletters has made searches available to ainy others who might
otherwise have not used the results. 

At SATICR IS, search outputs are considered to be bibliographic items in their own right; theyare input to tile SATCRIS database and can be retrieved in response to interactive searches. 

SATCRIS input to CABI and AGRIS databases 

Since SATCRIS builds its database using CABI and AGRIS, it is in its interest to contribute toboth olftheni. SATCRIS inputs ICRISAT-generated conventional aid nonconventional literature to both AG RIS and CABI, and also provides input of nonconventional literature captured
at ICRISAT Center and ISC to CAII. 

Collaboration with CABI 

An important objective of SATCRIS is to collaborate with CABI in the production of'specialistabstract journals on ICR ISAT's mandate crops. These CA Il abstract journals are available freeof cost 
to key libraries and individuals in SAT countries. It is believed that such collaboration
with a major database producer ensures the regular dissemination of information oti ourmandate crops to scientists and others in national, regional, and international programs of tileSAl. Also, the information thus disseminated is more comprehensive and current thanprovided from local thatresources. The advantages of' using the expertise and infrastructure of amajor disseminator of biblographical information such as CAIII more than compensates the 
costs involved. 

CAI already produces the Sorghum and 
abstracts services, 

Millets Abstracts and will produce two newone for chickpea and pigeonpea and another for groundnuts. SATCRIS hasidentified individuals and libraries in tle SAT who will receive these free abstract services 
directly from CAM3. 

Information Analysis Services 

Scientists at ICRISAT will be involved in the choice of topics and subjects for informationanalysis that will produce reviews and critical evaluations of the literature on specific topics. In
choosing topics, the emphasis will on
be the usefulness of' the repackaged information toscientists, researchers, aad others working in Africa, since theydo not have the benefit of regularinteraction with the expertise available in a center such as ICRISAT. They will be written bysubject specialists, whose services will be contracted from a few weeks to several monthsdepending on tile nature and scope of tile subject. The project provides for short-term sabbaticals to scientists for this purpose. Information scientists of SATCR IS will provide literaturesearch services, amid document delivery. They will also attempt to identify key papers in thechosen topic using a citation-based approach. 
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Microcomputer Databases 

An important objective of SATCRIS is to strengthen the information handling capabilities at 

ISC. In the long run, it is hoped that SATCRIS will be involved also in strengthening 

information handling capabilities in other national and regional agricultural research systems in 

tile SAT. 
One approach that SATCRIS is exploring is the development of specialized databases for 

decentralised use on microcomputers. fhe idea isthat SATCRIS will create and maintain useful 

specialized databases and make available such databases to national and regional centers in the 

SAT. SATCRIS will also provide appropriate software, and wherever necessary, training to 
national and regional centers to enable them to utilize the databases. SATCRIS will of course 

periodically provide database updates on diskettes to centers in the SAI. In addition, SATCRIS 
will offer information retrieval and dissemination services in the subject areas of the specialized 

databases. 
We believe that such an approach will serve two purposes: 
* deliver useful information to SAT centers in a form that is easily accessible. 
* introduce relevant information technology into national and regional centers. 
Two specialized databases on which some work has already begun are: Aflatoxins and Striga. 

Information on a variety of primary documents, both conventional and nonconventional is 

being input to the databases. A public-domain software called Micro CI)S/ ISIS isbeing ured to 

create and maintain the databases. The CDSI ISIS is a versatile software package and enables 

the definition of databases, data entry and updating, multidimensional searching, and provision 
of a variety o"output products. Most importantly, CDS/ ISIS supports variable length records, 

a Vital requirement in bibliographic information systems. 
Once such databases are developed SATCRIS will offer them to interested agricultural 

research centers in the SAT. 

SATCRIS Activities in Africa 

The SATCRIS subcenter at ISC will monitor sources of information in French, and provide 

reference and document delivery services to scientists at ISC and others in national and 
regional programs in Francophone West Africa. It will liaise with SATCRIS in India for search, 
bibliographic, and SDI services, will acquire relevant conventional and nonconventional litera
ture of African origin, especially from Francophone sources. Such literature will be input to the 
SATCRIS and CABI databases. 

Useful primary literature fjournal articles, conference papers, etc.) and nonconventional 
literature already collected at SM ICand the ICIISAT library will be deposited in microfiche 
form at IS('. The collection will be kept up-to-date with regular input from the Center in India. 

A microfiche reader and reader-printer will also be provided at ISC to enable the use of this 
collection. 

An informative leaflet in English and Frei,:h describing tile microfiche project and its 

objectives will be printed and distributed to institutions and individuals in Africa. The leaflet will 

describe the nature of the collection and the services that users may expect from the SATCRIS 
subcenter at ISC. 

It is proposed to hold a number of workshops in eastern and southern Africa to improve the 

awareness of scientists to the resources and services of SATCRIS. The countries to be covered 
will be in the Southern African Development Coordination Conference (SADCC) region and 
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eastern Africa. The workshops will promote SATCRIS services using audio-visual aids, interpersonal discussions, display of information products, and enrolment of potential users to itsservices. The workshops will also attempt to establish stronger rapport with end-users and withlibrarians and documentalists leading to a better exchange of information, and increased 
utilization of the resources and services of SA'CR IS. 

Discussion 

K.,J. Middleton. Does the microcomputer database run only on IBM?

I..J. Iiaravu. Yes. At the moment it will run only on IBM PC, XT, ATand the Vax. It will very
soon run on the Micro-vax family. I am hoping to soon become a distributor on behalf ofUNESCO for this particular soltware package which comes on two floppy diskettes, to non
profit organiiations. 
R.V.Bhat. Are you proposing to link SATCRIS with Medline and national documentation 
organi/ations?
 
Ud. tHaravu. At the moment 
we have not thought of interaction with Medline although foral atoxin perhaps Medline is as relevant as anl agricultural database. We will be concentrating

more on the agricultural science databases. That is the Commonwealth Agriculture Bureau'smandate. Although this databased oes caLptriisoie biomedicaI literattire related to agriculturalproducts, for the other aspects we have to go to Medline or food science databases if we want tobe totally comprehensive. We are definletely going to take care of national inputs particularly 
loim I('AR instituttions and sO)on.
P.D. Blankenship. Wc would like to suggest that vou contact the Coastal Plain Experiment

Station of the University of (icorgia. Thiey have a library with a comprehensive facility of pea nut
periodicals. It isavailable on the s:iie kind of system von are talking about, but one point whichmakes it unique isthat this library has access to all postgraduate theses that were done in the US.
I..1 lifaravu. Thank you, we will do that. 
H. Anira. Is tiis only lor semi-arid tropics? Which crops are covered?
I.,1. I Ia ravu. It is intendcd for a yone who isact ua lly working oi the five ICR ISAT mandate crops, and is not exclusi\e to the semi-arid tropics. We were thinking of microcomputers
because we felt that, for instance, in Africa, not many institutions can aflord to buy bigcomputers. but they could probably alord a microconipuwer. If you could develop a small
database on a microcomputer then it will be easier for suchI inst it itions to use. 
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Session IX
 

Group Discussion Reports
 



I. Evaluation and Monitoring of Aflatoxin Contamination of
 
Groundnuts and Groundnut Products
 

Participants 

Name Institution 	 Country 

1). McDonald (Chairman) ICRISA'F 	 India 

P. Subrahmanvam (Cochairman) ICRISAT 	 India 

A. 	 Hockel6e-Morvan IRI-1O France 
Nigeria13.Coulibaly AGC 


R.I). Coker OI)NRI UK
 

S. Nahdi ICRISAT/NIN India
 
Zambia
.1.Kannaiyan 	 Msekera RRS 

C.T. Kisyombe Chitedze ARS 	 Malawi 
ORSTOM France 

NAP HIRE The Philippines 
A. Pollet 
R. 	 Quitco 


India
P.S. Reddy 	 NRCG 
M. Sabino Instituto Adolfo Lutz 	 Brazil 

13. Singh Peanut CRSP 	 USA 

The group was concerned largely with the country approach to the aflatoxin problem in 
many countries to alertgroundnut. Participants agreed that there was a definite need in 

producers, processors, and consumers of groundnuts and groundnut products of the hazards to 

livestock, and the likely hazards to humans from ingesting aflatoxin-contaminated groundnuts 

and groundnut products. 
Groundnuts arc rarely consumed as an independent item in human diets or in animal feeds, 

and it was felt that agriculturalists and others concerned with such crops as maize, sorghum, and 

cotton should take some responsibility for publicizing the harmful effects of aflatoxin

contaminated foods and feeds. 
It was recommended that groundmt-producing countries set up working groups comprising 

representatives of:
 
Agricultural research and extension institutions
 
Veterinary and animal production institutes
 

Medical research and public health institutes 

Marketing organizations
 
Prod ucers' associations
 
Processors' associations
 
Economists, etc.
 

Such a group could endeavor to establish a coordinated approach to the aflatoxin problem, 

inform policymakers, and send representatives to regional or international meetings on relevant 

topics. 
The group felt that each country should develop a system to evaluate and continuously 

monitor the aflatoxin problem at all levels, including export-oriented and local consumption 

segments. 
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Well-proven, and statI.sticallyacceptable standardi,ed sampling and aflatoxin assay methodsshould he selected ol the hasis of ava ilale technology and personnel and the degree of accuracyrequired. Sonmc laboratories set tip in the developing courtries over the past 25 years havelimited Iacilitics, and are only able to carry out specific methods. The needlaboratories, upgrade their facilities, and train !hcir sta f 
to maintain these 

in new tcchniques, was recognized.These laboratories are often the only facilities available in a coLnitry, and they should not bediscarded as obsolcte until viable replaccments arc available.lrairring in sampling methods and in allatoxin analysis is a critical requirement. Regionaltraining coirses ,er. advocated to facilitate this upgrading.It was agreed that tlie most cffecti\ye way to aoid contamination of produce wa'is to preventinfection of thc groundilluts and their products hy .. ,tgi.// aiu. at all stages ir. "roduction, 
sto rag., aItd processinrg.

It was recommended that ernphais be given to development of effective detoxificationsystems for (I) large-scale industrial plants, and (b) small-scale plants fOr village level operation,
ito Covcr hoth cake and oil production,

While it w\as agrccd that there w'ere reasonable prospects of prcvenC tion or removal of aflatoxincortamination from groulidnits produiced I'r export markets, there was little optimism as tothe likelihood of immediate iniprovemtnerts in tie important local consuilnption segment.It %%snoted that sc~eral speakers during the Workshop had highlighted the danger ofcoritalinated nuts segregated from export produce being diverted into the local market. It wasthelrefore adrocatled that Cthose concerned with segregation should ensure that highly toxicmaterial does lot get back into tole food chain. Where fa-cilities exist, oil may be extracted fromsuch material and dletoxilied, bll tile cake would presumably only be suitable for use as organic
fcrt ili/cr.


Ihie actis tic:s of such organi/atiors its Peanut 
CRS and O)DNRI iii carrying out studies of
 
loca I systemus of processing groUridtnUts for Iihurriali corrsu flipt ion
rlelhmds folr Such studies were commended. Advice on%kouldenable socio-ecol)lll ists aid iionle ecoriom ists in developing
Cotin riltries o mnrake rectruinrcridat)ions to processors anrid consumers 
 based on reliable and

Coi ipre1rll si ye data.
 

'hie idea of t literCature database was welcoied by thie 
 group. The proposal to produceinl1ornialin bulletins or hndbooks oni atltoxin rimanagemirent in groundith iuts arid groundnut
prodtiCts was strongly supported.


lhe iced Co ia\ye riieet irigs on1
a regular basis to enisti re i riformiation excha nuge and cooperationin research w%,asexpressed. liis may be provided by holding special meetings as satellites tointernational and regional workshops as was done w\'hen a mycotoxin meeting was hield inconj unction with tle International Plant Pathology Congress in Australia. 
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H. Analytical Methods for Aflatoxins in Groundnuts and
 
Groundnut Products
 

Participants 

Name Institution Country 

F.S.Chu (Chairman) University of Wisconsin USA 
DV.R. Reddv (Cochairman) ICRISAT India 
R. .1.Cole USDA-ARS USA 
Xiao Daren CAAS China 
T.Goto NFRI Japan 
S. Moody RSBS Australia 
J.D. Reed JLCA Ethiopia 
I.A. Rana NARC Pakistan 
A.H. Siwela CSRI Zimbabwe 
M. Somabhi FCRI Thailand 
R. Jambunathan ICRISAT India 
V.Anjaiah ICRISAT India 
S. .ayanthi ICRISAT India 

Ihe group considered that sample size and sampling techniques should be appropriate to the 
objectives of the study. For surveillance studies, and where cultivars are to be screened for 
resistance, etc., large samples are recommended. For purposes of quality control and regulation, 
official standardized sampling methods should be followed, such as the Overseas Development 
Natural Resources Institute (ODNRI) (adequate up to 30 mg kg-1 level) and the USA sampling 
methods (preferred at the 20 pg kg- 1 level). Subsampling procedures and sample treatment are 
also important. Care should be taken to avoid recontamination after sampling by storing 
samples under cool and dry conditions. 

Though several speakers and participants felt that while ELISA is a powerful tool to screen 
for aflatoxin in groundnuts, such well-established methods as the minicolumn should not be 
discarded. It was generally felt that ELISA could be adopted only after further collaborative 
study, and acceptance by the Association of Analytical Chemists (AOAC). However, others 
were of the opinion that rapid ELISA wasa betterapproach than. for instance, the rapid ELISA 
(Quick-card) test. 

It was noted that, while aflatoxin standards are commercially available, the purity of the 
materials should be checked by the thin layer chromatography (TLC) method and aflatoxin 
concentrations determined spectrophotometrically. It was suggested that aflatoxin standards be 
made available through "International" efforts. Groundnut samples containing specified 
amounts of aflatoxin (available from the European Economic Community, EEC) could be used 
as a control to check each laboratory's analytical capability and performance. Participation in 
the international mvcotoxi, check sample programme organized by the International Agency 
for Research against Cancer, l.yon, France was mentioned as a point of interaction. It was 
recommended that regionai aiJ national check sample programs be organized. 

The group agreed that only i±ose methods which had been subjected to a collaborative study 
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and have been adopted by a sponsoring agency stuch a.s the At)AC or tir. Ie[C, should befollowed for quality control and rCgulator imeasurenrerlnt. [orresearch purposes, other niclihodswhich have been shown to be comparabic with til cli.ial methoirds cotld also beThe group agreed that uCd.
[.ISA is a simple. selnitie, and specific lcthod for nieCotoxilanalysis, with tile potential for use in qtiantitatjsc alal'sis of allatolxin in grouidniuts and as ascreen test at lower dletection limits of 5 to() 0 ug kg ' It could be atouma1te'd for scCre'ning a largenIlUnber ol samples. Ihe high cost oI connercial I%availtble I. ISA kit,, as '.ll as t alcvailanhilitv and stability ol reagents iiav liuit its use Iii deseloping coutlric,. I hough studies have hlownthat results obtained Iro[l IF.SA aie comrpirahle to II.(' and high purlorlancechromatography (II )I.( ) ncthods, mloc comparawtic studie 

liquid 
are necd ("urrcnt. collaboald.

tive ,tudies ol two lIlSA method, to sreen aflato.in ill agricultural cominiodities includinggroundluts are iudcrav. If good rutilt, air obtaurcd thesc t,,o mriethods a.re likely to headopted for use by the ,A(C. It should be pointed (out that collaborati.e studie,, on [lSA
only evluate [IASA protoco(ls and slte. t(o 
 tahlih a set ofI tanrard,, (l I STI.A.litefficiec:y of calh coinlnicriallv a aviaiblc kit \\ill hake toi be tct'(.l teli slr,,. I Ie grouprCOl1lltniden d that tie follo%%ivg criteria be establi,hed for tre esaluatior if protocols ill tile
collaboratic studiCs: 

. tandard ranglle ard !inlits ( dctlectioll (scrsliti ,ity):
2. flexibility (if using dilferurc t . Litactior ,ents:so 
3. limits fur signal noise ratio: 
4. specificitY (cross-relativit\): 
5. reproduciblity (cv): arid 
6. avoidance of irterfenrence of ,ariple niatrix.

'he group strongly rec im.nendc:(l 
 that regiuial training workshops on analytical methodology be established. Such workshops should include bioth lectures and laboratory demnonstrations oin general analytical methtodohgy w, well as AISA methturds for nycotnxins. "1raineeswith relevant background and experience %kouil(d be drawn Ir(nm developing countries. It wasrecommended that ant ad hoc conrittee be established hor this purpose. 
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I11. Research on On-farm Control of Aflatoxin Contamination 

Participants 

Naine Institution Country 

K... Middleton (Chairman) QI)l)I Australia 
R. C .N agcs\ a ra Rao (Cochairma n) ICR ISAT India 

M. Arora University College. london UK 
V. Rananatha Rao ICR ISAT India 
M... [ricre UENi ICRISAT Mozambique 
,.I Pitt CSI R() Australia 
MN... Vasude\a Rao ICR IS AT India 
I..WaliVar ICR ISAI India 
S. N. Nigim ICR ISAT India 

P.DI). Iliankenship USI)A-ARS USA 
W.I. Cole tJSD)A-ARS USA 
V.K. Melhan ICR ISAT India 
R.S. Saldhu FAO Zambia 
K. K. Shrcstha )epartment of Agriculture Nepal 
R. F. Iettit Texas A&M University USA 
M.I). Rava )epartment of Agriculture Tanzania 

.1.il.Willials ICR ISAT India 

lhe group consideri..I the on-farm control of aflatoxiri contaminati on ot groundnut under 

two main headings: firstly the developnvent of packages of practices relevant for small farmers' 
use in the SAT, and secorhdly the identification of importait deticiencies in the understanding of 

the factors that determine whether or not a groundinut is invaded by the toxigenic fungi with 
subsequem contain inatiOll With aflatox in. 

[he group felt that there was already considerable information and advice available as to how 
the small fa rmers of the SAT could a\oid, or at least greatly reduce. tile risk oftheir groundrinuts 
being contaminated with aflatoxins. [he problem \was considered to be lack of awareness on tie 

part of farners of the necd to follow the recommended practices for co ntrol of fungal infection 

of seeds both before harvest and during postharvest curing and drying.Several countries have 

provided excellent aflatoxir control recommendations through their extension agencies and 
their example should be folho, cd by others. Factors that should be stressed in preparing 

recoriniended practices include: the importance of late-scason drought, because pods oni plants 
that go into permaentnrilt within the last 2 3 \wecks of the crop maituration are very likely to 

contain atlatoxins: the role of soil insects itl predisposing pods and seeds to invasion by the 
toxigenic fungi, the possible role of calcitui deficiency inrelation tIoungal infection of pods: the 

importance oftimely lifting oftlie crop to red uce the proportions of'overniature and excessively 
iniiature pods in the harvested produce: aoidance of damage to pods during threshing pick

ing, and drying: and the importance of providing dry. \well-ventiated, on-tarrn storage. Pros
pects of village level or on-farm detoxification of groundnut oil were also considered. the use of 

clays. sunlight, etc. being suggested. Inputs are reqiiired from health, nutrition, and home 
economics specialists in addition to agricutltural .xtension staff if hza rds ofaliatoxin contamin
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'ttion are to be reduced it th le m 
prepare thim for th 

arid village l'eveIs. Ihe necd I'or training ofl uch staflto better .extension of fla1toxin control procedures was expressed, aind the productioriloflan inforrmatjion bulletin or handbook on control of allltoxin Ill groludrillts was 
r .co nrdn Ill ed.

(iaps in our kinoss ledge of fhow the toxigJcllc .-I. /iiu.s arid . Iurasifiu. inade groundnutp)odS aid seeds, arlid ofMlnvironmental lactors irnlluicing thils process, %ere considered.irliptrtni It Ist to ,tt]d\ tle Surv is;ulof thIe 1% ltouni in the oil Of glrtntdnut fields aiid diSCOsoil ti pe. c.roppili Syvt s,,i alrdll]e e 
er hOW55tem itid Ill stu.re colditlolls aflfect *i1viol. Produc

olt of sclerotiar ma he ilpornta. Seed (olltriisi, issi o-f.ftaup the intoculuil . may he iriohved in buildingf thefuilus in grotnldlnut oils. It has been ,uggestcd that groundntits found tocortairllliioder,telh ligh 1.s1of aflatoxn couildf torh-. used sowing. [his wits agreed to he adanuls,practice as such grOIldiltJVS could suell cottin %h.,le ruveliurn o1 A.. /It1A':+.gi ,ii aid,cond itions uiaolrahl. for germiiittiorl. this could result in a completelerrngeice failureflroll llarott disease. A Suggestsion had he.llmade that afllltxir contaminated groitduritts org.lOnrdriMt CA could be used , org,ic fCr'lrtilier. [his iiay he leasibhle for cake w%,here theh-cating during oil extraction %,ouldhae killed alnY ftnigal rveliurin present, hut adding seedsthat contain h.ableI. I/Iiua. to the Soil could greallY hoost the population of this fungls ardexacerbate the cotanirianatiorn problenm ill stjcceeding groundnh'ut cro)s.Inforriiatio o the nchrnii.anis of resistnce in peg, pod, and Seed 
[ here is little definite
 

to in'aision hv .f.flvu. and
-. /arawMM1. lurther studies in lresistallt arid susceptilC cultivars should he carried o(t to
u.\miinre possihle lifectionl arid( colorii,/utiori of pods anid sc-eds. Chleriical resistance inl die shiell
%konldbe preferahle to Inhilrig such eC.Sist.ultinl the Seed in case protective cherrricals have anyialitillitiiral or toxic effects sshen ingested hv hruriians or liestock. [herereserch int lph was interest inlthoalexin production in groundnut seed,.ard it would hecould h useful it aI cultiVlrhred in shiich seeds retained the capacity to prnduce plivtoalexirs until they are mature.I)cliit c iforlrnliioni of the iechalniis of rcsistanlice to Itrigal invasion Of p)ods and seeds
%oulld gteitly facilitate the bretding 
 of resistant cultivars. [he contrihuniors of differentI1iiehinllsills to the o .lall resistalnre could he assessed and resistance screening techniques couldbe rnim O l: Resisirn.e breedin 

It 

isan important longernri otJjecti,,e.\ss feltH tglobal Str\.V of the occurrence of toxige ic and lmoutoxigeric strains off. /I/avm and A.p. ra ,um s\%ould be f \aftlue. Ihis v.otld rI-tre.prcise idenntification of thet,,o species and carlful -aluatioli of their p)opLllations IIIthe soil riiVcoflora.I lie riced or trining il re istance screcning methods and il techniques for handling soiliricofloral anal "sis, etc. kits expressed. Iriftorinatiori on screening methods could be included inthe- proposed informition bulletin. 
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IV. Research on Control of Aflatoxin Contamination with
 
Reference to Storage, Transit, Processing, etc.
 

Participants 

Nanlc Institutioln Country 

1.(. N1. Nakavana ('hairman) Pl'iIlnut CRSI USA 
.I.A. Wightinin (Cochairnal) ICRISAI India 
R.V. Blhal NIN India 
( ("ha id iaslick hi r IOP A India 
('.1 .1.. (iomia ICRI SAT-A(I.N India 

M. ,achiln ud IM RI F Indonesia 
(iN.V. Irilii Rio ICR ISAT India 
M. Read 1)N'I IB Australia 
I. shaintha CFl R I India 
I).ii. I. WiJerate )irectorate of Agriculture Sri Lanka 
II. AInlil N RC Egypt 
N.F. Alned Ge,/ira ARS Sudan 

Ife discussions co\lcd problems of aflatoxini contamination ,'ring postharvest handling, 
storage, aid processinrg of gronrd ilis. It was appreciated tihat growth of,,f spergf//u.fiat'us and 
production of alialoxin illgrOUndnUt produce could occur at all stages, and that with conidia of 

thile
tilehililc.lUbing a.l~llost uniersall\ present, lost importaiti factor determining contamin

titon \wis tile illoistilcrnhlello tihe groundlntls or glroulldnut products. The need to dry 

groUndltint, to iasale Ilel Of Need iioistunrcolntent \as emphlasi/ed. Stored seed inay acquire 

sullfiicnt illnisture to cuiable gromth of .'.I. to*fi'o occur"if insect infsctation of' pods or seeds 

occLturs, or if Illiblltlt cOlditiolis Of high relative humidity prevail for several weeks. Metliod:i of 

nlonlling ,aidcotlillrolling insect inftlestations lre Nell d eloped and are in onlnon usea alrady 

in \well-organi/ed storage dcpots. Siting of groundnut stores in areas of high relative hunidity 

should be a\ oided if*possible. It \was suggested that ICRIA ls Agroclinatology Unit could he 

askcd to coiillpilC rClatis\c hunmidity data lor iajor groundnut-growing regions of different 

countries during tile Inorilis folho\ iig lharvcsting of tihe crops. [he point was made that where 

gro lid nil.s WC'rC a1 eXpOl't Crop lite proiduce is likcly to be stored undtr very thuimid conditions 

in, or close to. seaports \hilt awmaiting slhipenit overseas. Prohlems of condelnsation in liet holds 

if ships carrving produce froi tile tropics to teriperate regions could also lead to wetting of 

groulidnti and grosshil the toxigenic fiungi. lhis supported lileneed for aflatoxirn analysis of 

groulldnut shipments on arrival at their destinations, and also indicated that detoxification 

should also be carrie(d out in1liet area counlitry where tlie produce is to be processed unless 

suitable salfeguards were instituted to avoid reconitaination of the materials. 
I[Fhere was d iscussiori oil the cflicincy of saripling of groundlnuts arid groundnilt products 

and work at Overseas )evelopriient Natural Resources Institute (Ol)N R I) to refine the TropicalI 

Production Institute (IPI) pln was described. This involves computer sil ula tion lardresearch 

on appropriate mathematical Imodels to illhstrate the distribution of aflatoxin in sample lots. 

The need to use reliable. standardized iiethods of' allatoxin analysis was also stressed. 

Tile group strongly supported the need for further research into detoxification ofgroundrinuts 
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and groundnut products. Contamination of lots of whole seeds may be reduced by removal ofvisible mold-damaged or discolored seeds. However, there may be a problem concerning thedisposal of the rejected seeds. Such rejects are likely to have high levels ofaflatoxin contamination and should not be used in foods or animal feeds. They could he crushed for oil, but the oilwould probably have higher than usual levels of free fatty acids, and would probably also requirespecial treatment for removal of aflatoxins. Detoxification of groundnut cake and meal wasdiscussed in depth, with special reference to the use of amonlia. It was felt that further researchwas required to elucidate the possible toxicc igy of detoxi1fied groundnut products. It wassuggested that groundnut products could be detoxified at ports of discharge, there being legalprovisions for warehousing and in-bond processing in importing countries.
The need for training in relation to postharvest handling of groundnuts, storage proceduresincluding pest control and avoidance of wetting or hydration of produce, sampling and allatoxinanalysis, and detoxification processes, was agreed. It vas suggested that ICR ISATcould informnational programs and institutions of courses available vorldwide on various aspects of theaflatoxin problem, and provide organizers of such courses with contacts in client countries tosuggest na rues of potential participants. Specific mention was made of ODNRI's annual13-week training course in aflatoxin andaysis. The main objective of this course is to trainpoteitia Itrai ners who ca iiin turn impart trainingin their owniCOuli tries. ICR ISAIs proposal toproduce an information bulletin on aflatoxin in grounidnut giving Up-to-date information oncontrol procedures was strongly supported. Increasing awareness ofthie importance ofallatoxincould lead to increased demand for general and specialist training, necessitating effectivecollaboration aniong international and regional organizations concerned with the problem to 

meet such a demand. 
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Proces verbaux des discussions en groupes 

I. Evaluation et contr6le de la contamination de l'arachide 
et des produits i base d'arachides par les aflatoxines 

Participants 

Nora Organisme 	 Pays 

D. 	 McDonald (Pr{sidcnt) ICRISAT Inde 
IndeP. 	 Subrahmanyam (Co, presient) ICRISAT 

IRHO FranceA. 	 Bockelbe-Morvan 
Nig&ria13. Coulibaly AGC 

ODNRI Royaune-UniR. D. Coker 
S. Nahdi ICRISAT/NIN 	 lnde 

J. 	 Kannaiyan Mskera RRS Zambie 
MalawiC.T. 	 Kisyombe Chitedze ARS 
FranceA. 	 Pollet ORSTOM 
PhilippinesR. Quitco 	 NAP HIRE 

P.S. Reddy NRCG 	 lndc 

M. 	 Sabino Instituto Adolfo Lutz Briasil 
Peanut CRSP Etats-UnisB. 	Singh 

Le groupe a consid&r principalement comment le problime des aflatoxines chez I'arachide est 

abord& au niveau des pays. Les participants &taient tous de I'avis qu'il dait n~cessaire dans 

beaucoup de pays, d'avertir les producteurs, les transformateurs et les consommateurs d'ara

chides et de produits a base d'arachides du danger que repr6sente l'ingestion d'arachides ou de 

produits Irbase d'arachides contanlin(s par les aflatoxines pour la sant6 du b~tail et 6ventuelle

nient pour Ia silnte humaine. 
oules arachides sont rarement consomm{:es seules dans un r{gime alimenjaire humain 

animal et il a donc t&estimnI que les agriculteurs et tous ceux intress~s par des cultures telles que 

le mnafs, le sorgho et Ic coton devraient prendre une part de responsabilit6 dans l'information des 

effets nocifs des aliments contamincs par les aflatoxines et destines i la consommation humaine 

ct 	animae. 
I a t&recommand que les pays producteurs d'arachides mettent en place des groupes de 

travail cornposes de repr{sentants des : 
Organismes de recherches agricoles et de vulgarisation 
Organismes v\tL'rinaires et de production animale 
Organismes de recherches mnidicalcs et de sante publique 
Organisations de commercialisation 
Associations de producteurs 
Associations d'agents de transformation 
Economistes, etc. 

Un tel groupe pourrait tenter d'aborder le problbme des aflatoxines de manibre coordonn~e, 
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informer les auforites et envoyer des reprbsentants pour participer aux reunions rbgionales ouinternationales traitant de tliines pertinents.Le groupe a etc davis que ciatIiue pays devrait mettre au point fin systhie d'evaltiation et desuivi continu du pro blkme des aflatoxines ii (ous les niveaux, y compris les secteurs 'exportation'
el 'consollilatioll domestiqLue'.

)es methbodes normalisbCs, iprouvees ci statistiq ucenlt aeceptables d'Mhantillonnagedosage ties allatoxines. doi vent .tre ad opt 
et de 

cs seon Ia tcchtnologie et le personnel disponibles etei louction tit degr& de prLcision exigce. ('ertains laboratoircs instaliLs dans lesdeloppeincut depuis Ics 25 dcrni)rcs ann'es 
pays en 

que certaines m thodes. I.e besoin ie 
'ont que des niovens limitbs et tie peuvent titiliser

maintenir ces laboratoires, daniliorer letirs luipementsel tic former leurs personnels diams les noi\'elles techniques a &lt& reconnu.replpseclitent souvelit les setils ioycns (]'fiii pays ct i 
Ces laboratoires 

ne faut pas les abandonner avant de potivoirles rem placer de fao'on viable.
L.a iorimatioii dans le domaine ties mntiodes I'ciantillonnage ci d 'analyse des afiatoxines esttin hesoin critique. )s stages de formation regiona ux ol it prconiss afin d'armeliorer les

Co i IMaissafluees dalls cc doillaile. 
II a e tc recont titie le io'ei le plus effieace d',viter la contanina:ion des produits par lesaflatoxines &tai d'empeier I'invasion ties arachides et des prodtLs ,i base d'arachide parA. lav'us ,'Ichatuc slad tie li production, dti stockage e tie la transformation.Oii a recommand q u'une priorit& soit accordee il la rise aI point de systnines efficaces detieioxificatiou destin's (a) atx unitXs tie production inListrielles Ci (b) aux unitbs de productionviliageoiss, afi tie tenir compte I lit lois tIe la production de touirtcaix el de la production

d Ihuile. 
Sii totit ICMonde t d'acco id stir les boiiles perspectives potr I'liimination des aflatoxinesdaiis le cas des arachides produitles pour I'ex port It ion, oi ii'Ltait gure optimiste en cc quicoicerne les possihilitLs d'am, lioraiions i iidiates darus le secteur important des arachides

tiestilnes I li consonliailiol doeslique.
()i a iot.' au cours tie cci Atelier. qtie plusieurs participants avaient soulign& le danger d'undlton rncment ties arachides contaminecs et non exportables, vet:; Ic march&local. N a donerecoimiand i&(li e ccux chia rg.s de la sLgrLgation des arachides fassent bien alienion qiLe lesarachides liautenient toxaitues tie se retrotivent pas daiis la fili6rc alimentaire. Si Icsexistent. I'itilc peiut etre extraite tic cc 

loyens
iatriel ct dlitoxifibe pat la suite, iMais les tourteaux tieseront \raisenihiahleeic t utilisahles tile sotis orIc d'engrais organique.
ILes actijt's d'orga ii sations 
 elies ttic IC Peanut CRSP et I'O)NRI dats ladtiitdes sur es systlnhc ocmixtide 

r~alisation
d transloiriation darachides destines aila consolumationiuMlaine ont iipproivL'es par totis. )es conseils de iMtodologie pour de ieliesperilnettrailent aux socio-ccoiitlmistes et 

ludes 
aux experts d'&conomie doniestiqUe dars les pays en\ode tie dileoppcincit tie consciller les agents tic transformation et les consoimiateurs enS app*iuarlt stir dCs donnecs liables Ci coipletes.I.'id'e duiie base tic tionul'Cs tie documentation a &tL ien rqic par le groupe. La propositiontic prodUirC ties hilletiIIs d' ilornialioti oti des manuels stir lec ontr6e de la contamination desaracides et tics produits i base ti arachides par les aflatoxines a et. fortement appuy'e.()n a soulign& le besoin de se rL'uli" r~guliircnieiit afin d'chianger des informations et decoop:rer tiadis le domaiic des recherches. ('Ceci serait petit-.tre rendu possible par des reunions
speciales teltiei 
 ell aliiexe ties ateliers rtgiouiatix ei internationaix, telle qtie la runiotn stir lesmvcottoxines tentie conjointement avec I'liternational Plant Pathology Congress en Australic. 
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II. M thodes analytiques applicables aux aflatoxines prisentes 
dans les arachides et dans les produits i base d'arachides 

Participants 

Nor 	 Organisme Pays 

Etats-UnisF.S. Chen (Pr(:sident) Universit6 de Wisconsin 

I).V.R. Rcddy (Co-prsident) ICRISAT lnde 

R.J. 	 Cole USDA-ARS Etats-Unis 
CAAS ChineXiao l)aren 
NFRI Japon'I.Goto 

AustralieS. 	 Moody RSBS 
ILCA Ethiopie.1.1). Reed 

PakistanI.A. 	 Rana NARC 
CSRI ZimbabweA.H. 	 Siwela 

ThaflandeM. Somabhi 	 FCRI 
Inde
R. .Iambunathan 	 ICRISAT 

N. Anjaiah 	 ICRISAT Inde 

S. Jayanthi 	 ICRISAT lnde 

Le groupe a t&d'avis que la taille de I'&chantillon et les techniques de pr~lkvement doivent 

correspondre aux objectifs de I'6tude. Pour des 6tudes de suivi, ou dans le cas d'un criblage des 

vari(t~s pour lCur resistance, par exemple, on prconise des chantillons de taille importante 

I)ans lecas des contr6les dc qualitY ou de la r(glementation, ilconvient de suivre les mcthodes 

d'(chantillonnage normalis es officielles, telles que celles de I'Overseas Development Natural 

Resources Institute (OI)N RI) (convient j usqu'au niveau de 30 mg kg-1 )et les mnithodes d'6chan

tillonnage des Etats-Unis (preferable au niveau de 20 pg kg-'. Les procvd~s de sous-
I1faut veiller itchantillonnage et dc traitement des &chantillons sont importants (galement. 

viter la recontamination apr~s I' chantillonnagc en stockant les echantillons dans un endroit 

scc ct frais. 
Bien que plusieurs interlocuteurs et participants ont consid&r- que le test ELISA 6tait un outil 

puissant de criblage des aflatoxines chez I'arachide, les rthodes bien 6tablies, telles que la 
que le testmini-colonne, ne devraient pas tre abandonn~es. Dans l'ensemble, on a considr 

EI.ISA ne pourrait tre retenu qu'apr s ine etude plus approfondie en collaboration et apr~s 

avoir &t accepte par I'Association of Analytical Chemists (AOAC). N(anmoins, d'autres 

pensent que le test Elisa rapide, par exemple, tait une meilleure faqon d'aborder le probl~me que 

le test ELISA (Quick-card). 
Bien que des talons d'aflatoxines existent dans le commerce, on a not&que la puret de ces 

mat&riels doit tre vrifi~e par ia chromatographie en couches minces (CCM) et qu'il faut 

determiner leurs concentrations en aflatoxines par spectrophotomntrie. 11a t&propos6 de 

rendre disponibles, par des efforts "internationaux", des talons d'aflatoxines. Des &chantillons 

d'arachides avant des teneurs en aflatoxines sp~cifiques (fournis par la Communaut& Econo

tre utilis~s comme contr6les afin de vrifier I'aptitude itmique Europ&enne, CEE) pourraient 
I'analyse et la performance de chaque laboratoire. La participation au programme d'6c&hantil-

Ions de contr6le organis par l'Agence internationale pour la recherche contre le cancer AtLyon, 
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France, a &t&dsigne comme un point d'interaction. On a recommand la mise en place deprogrammes d'echantjllons de contr6le au niveau r gional et national.Le groupe a conclu que scules les mcthodes ayant fait I'objet d'une "tude
&t&
retenues par une agence garantissant leur valeur, telle que I'AOAC ou la CEE, devraient treutilis~es pour effectuer des contr6les de qualit, ou des mesures officielles. D'autres m~thodescomparables aux mnthodes officielles pourront tre utilis~es dans le domaine de ]a recherche.Le groupe a reconnu quc le test ELISA est Lne mnthode simple, sensible et sp~cifiqued'analyse des mycotoxines. ayant un potentiel d'utilisation dans l'analyse quantitative desaflatoxines chez l'arachide en tant que test de criblage avec des limites de d&.ection les plusbasses, entre .5et 10 pg kg-1. Ce test pourrait -tre automatis&pour le criblage d'un grand nombred'&chantillons. Le cooit dlev&des kits ELISA dans le commerce, ainsi que lIa disponiibilit& et lastabilit3 des riactifs pourraient limiter son utilisation dans les pays en voie de d6 veloppernent.Bien que des etudes aient montr que les rcsultats obtenis par le test ELISA sont comparables icetx obtenus par la chromiatoierap-ie en ceuches minces (CCM) et par la chromatographieliquide it haute performance (I-PI.C), d'autres &tudes comparatives restent nanmoins n~cessaires. Des &tudes sont actucllencnt en cours sur deu., m~thodes ELISA destinies au criblagedes aflatoxines dans des mati res premiires agricolcs, v compris les arachides. Si les r~sultatssont bons, ces deux mithodes sont susceptiblesd' tre retenues par l'AOAC. II faut soulignerqueles &ttides effectu&es stir lc test ELISA n'6vaIuent que les protocoles ELISA et servent A tablir unensemble de normes pour ELISA. En gbnral, l'efficacit& de chaque kit disponible dans lecommerce devra tre test~e par les titilisateurs. Le groupe a recommand&que les crit~res suivantssoient &tablispour 1' valtMtion des protocoles des &tudesen collaboration 
I. Plage standard et limites de d'tection (sensibilit&);
2. Souplesse d'utilisation des divers solvants d'extraction; 
3. Limites du rapport signal'bruit 
4. Spccificit& (relativit& r&ciproque) 
5. Reproductibilit (CV) et
6. Elimination des interf&rences dues i lIa matrice d'chantillonnage.

Le groupc a fortement recornmand lia mise en place d'Ateliers r~gionaux sur Ia m~thodologied'analyse. Dc tels Ateliers devraient comporter des conf&ences, ainsi que des demonstrations aulaboratoire, relatives i urie mthodologie g~n~rale d'analyse, ainsi qu'aux m~thodes ELISAappliquces aux mycotoxines. Des stagiaires provenant des pays en d&veloppement, pr~sentantles qualifications e' "'experience appropri~es, seraient invites i y participer. On a propose qu'un
comit&spcial soit cr& I cet effet. 
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III. Recherches sur les methodes de lutte contre la contamination
 
par aflatoxines au niveau de la ferme 

Participants 

Nom Organisme Pays 

K.J. Middleton (President) 
R.C. Nageswar (Co-pr&sident) 
M. Arara 

QDPI 
ICRISAT 
University College, London 

Australie 
Inde 
Royaume-Uni 

V. Ramanatha Rao ICRISAT Inde 

M.J. Ireire UEM/ICRISAT Mozambique 

J.!. Pit CSIRO Australie 

M.J. Vasudeva Rao ICRISAT Inde 

F. Waliyar 
S.N. Nigam 
P.D. Blankenship 
Ri Cole 

ICRISAT 
ICRISAT 
USDA-ARS 
USDA-ARS 

Inde 
Inde 
Etats-Unis 
Etats-Unis 

V.K. Mehan ICRISAT Inde 

R.S. Sandhu FAO Zambie 

K.K. Shrestha Department of Agriculture Nepal 

R.E. Pettit Texas A&M University Etats-Unis 

M.D. Raya 
J.H. Williams 

Department of Agriculture 
ICRISAT 

Tanzanie 
Inde 

Le groupe a consid& deux aspects majeurs de la lutte contre la contamination de l'arachide 

par les aflatoxines au niveau de la ferme: la mise au pcint d'un ensemble de pratiques utilisables 

par los fermiers des zones tropicales semi-arides, et l'identification de carences importantes dans 

la comprehension des facteurs qui gouvernent l'invasion ou non de l'arachide par le champignon 

toxigne accompagnkc par la suite d'une contamination par les aflatoxines. 
Le groupe a constat qu'il existe d~j, une grande quantit& d'informations et de conseils 

permettant aux fermiers des tropiques semi-arides d'6viter, ou au moins de r~duire de mani/re 

importante, la contamination de leurs arachides par les aflatoxines. On a conclu que le problime 

principal tait un manque de conscience de la part des fermiers de la n cessit&de suivre les 

pratiques pr~conis~es pour lutter contre l'infestation des graines avant la r colte ainsi que 

pendant la consei vation et le s~chage post-r~colte. Plusieurs pays ont fait d'excellentes recom

mandations pour la lutte contre les aflatoxines, par l'interm6diaire de leurs services de vulgarisa

tion et d'autres devraient suivre leur exemple. La preparation de pratiques recommand es 

n~cessite que les faceurs suivants soient soulign~s : l'importance de la scheresse en fin de cycle, 

puisque les gousses sur les pieds qui se fanent de faqon permanente au cours des 2-3 derni .es 

semaines de maturation sont fortement susceptibles d'etre contamin es par les aflatoxines; 

I'action des insectes dans le sol qui rend les gousses et les graines plus susceptibles A.l'infestation 

par le champignon toxig~ne; le r6le possible d'une d~ficience en calcium vis ,Avis de l'infestation 

fongique des gousses; Pimportance d'arracher les rcoltes au bon moment, afin de r~duire les 
viter d'abimer lesproportions de gousses trop mfires ou trop immatures r~colt~es; la n~cessit d' 


gousses pendant le battage/l'6goussage et le s chage, ainsi que le besoin d'assurer un lieu de
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stockage sec et bien ar&an liveau Lie lia erme. On a aussi considere les possibilites, au niveau duvillage on de lia ferme, de lia 	 dtoxilication de I'itile d'arachide par I'utilisation d'argiles,d'exposition at soleil etc. Une r'dUction des risques de li contamination par aflatoxines anniveau de la ferme ou ILI village necessitera li participation d'experts dans les doinaines de lisant&, de li nutrition et de l'conomie domestiqtue, ainsi que celle tics agents de vulgarisation. Ona Constate un besoin de former de tels agents afI inde mieux les preparer i lhivulgarisation desrnetlhodes de lutte contre la contamination par aflatox ines, et oil a recomnliande hi cr~ation d'unbulletin d'infornations oL d'un Inaiinel stir la ILitte contre les allatoxines chez l'atrachide.I.es factines dans nos connaissances de li l'a(on dont a 	lieu I'in" station des gousses et desgraines d'arachide par los champignions toxigenes ius etA. Illa A. r'rasitics,ainsi que lesficteturs de l'environnenlent qii inIlluencent cette irIfestation, Olt ietconsidkres. II est importantd'tludier li survie de ces deux chanipignons dans Ic sol des champs d'arachides et ic d&cotivrircomment le type de sol, Ics pratiLties culturales, li teniprattire et Ictaux ihunl d it iniluencentI'infestation. L.a production de sclerotes pourrait ctre importantc. L.a transmission d'A. flaviuspar les graines potu rrait jouer tin role dans I'accuIn Li it ion eI l'i nocu llin d cLIhanpignon dans lessols plantes en arachides. II avait &t&suggr&LIue ls gralliCs avant tit letieur moyerine enaflatoxines ptiissCnt &treutilisees pour le senis. Tout le nionde a tc taccord q tie ccci seraitprat ique dangeretise, puistIute de telles graincs pourraient 	
ine 

bien contcnir tin lycliuim viabled'A. 17a vus, Ct q'i existerait, dans des conditions dffavorablcs I la germination, uni risque'echec total de li lev&e provotui par li malad ic d'afla root. IIavailt &galenIiit sngger que lesarachidcs oti ICs totirteatix darachide puissent &tre Ltilises sotIs tormc d'engrais organique, ccquLi serait veilttiel lemcnt possible dans le cas des totirteatix, po istILtC lhi tem peralure (1cv~ependant I'extractioi e l'iile aurait tu& totit iyceliium foigiqtie prsent; par contre, I'additional sol de graines renferinant de I'A. illvus viable poUrrait augmenter ic nianire iniportante lipopulation tie ce chanipignon et aggraver Ic prohlnlc de contamination dails lesult&ieires. II n'existc 	 recoltes
' tie peti I'iinforniations sur la resistance des gynophores, des gousses et desgraines aIl'infestation par A. flatus et A. parasiticus. i)'autres t tdes sOtL neccssaires stir desvarits resistantes et sensiblcs afin d'examiller iinfestation et I, coloiisatioii evCnttiellcs desgousses e ties graines. [Line resistance ctiimique au niveau de li coque serait pre/Irable I tine telieresistance at niveau des graines, afin d'eiler tout danger anti-nutritionnel ou toxiq uc suite iI'ingestion par I'honine Oiu par Ic betall. On s'est interesse aux recherches str It production dephvtoalexines dans les graines d'arachide, et il scrait til e potivoir selectionner une vari-t&dont les, graines gardent la capacit de produire des phvto;'!,.xines justIqu'li leur maturit&.Des informatiois dterminantes stir les mncanismes de resistance des gotisses et des graines iI'iifestation par les champignons faciliteraient bcaucoup la selection de varietes resistantes. La
contribution des diver's mecanismes ii li resistance globale pourrait &tre6',aIucc et des techniques
de detectior, de li resistancc poiUrraient &treameliorees. L.a selection stir les caractbres deresistance 	represente un but important i long terme.


II a m:t&
convenu qu'une prospection globa;c de I'apparition des sotIches toxighnes et nontoxigbnes d'A. l/avuset de A. parasiticusserait interessante. Ceci necessiterait tine identificationprecise des deux especes et tine evaluation soigneuse de leurs populations dans Ia mycoflore du 
Sol.

L.e besoin de formation dans les methodes de detection de la 	 resistance, ainsi que dansl'analyse de li mycoflore du sol ctc., a et mentionn6. Des informations stir les methodes dedetection de li resistance pourraient &tre incluses dans les bulletins d'informations deja'
propos&s. 
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IV. Recherches sur des methodes de lutte contre la contamination
 
par les aflatoxines au niveau du stockage, du transport,
 

et de la transformation, etc.
 

Participants 

Nom Organisme Pays 

T.O.M. Nakayama (President) Peanut CRSP Etats-Unis 
J.A. Wightman (Co-president) ICRISAT Inde 
R.V. Bhat NIN lnde 
G. Chandrashekhar IOPEA Inde 

C.L.L. Gowda ICRISAT-AGLN lndc 
M. Machmud BORIF lndon~sie 
G.V. Ranga Rao ICRISAT Inde 

M. Read PMB Austral;e 

T. Shantha CFTR1 lnde 

D.B.T. Wijeratne Directorate of Agriculture Sri Lanka 

H. Amra NRC Egypte 

N.E. Ahmed Gezira ARS Soudan 

Les discussions ont port& sue les problmes de la contamination par les aflatoxines pendant la 

manipulation post-recolte, le stockage et la transformation des arachides. 11 a W admis que le 

d~vcloppement d'Aspergillus flavus et la production d'aflatoxines dana les produits 4 base 

d'arachides peuvent intervenir i tout moment, et, les conidies du champignon tant pr~sentes 
presqu'i tout instant, le facteur principal qui determine la contamination est la teneur en eau des 

arachides ou des produits. Le besoin de s cher les arachideE afin d'arriver h une teneuren eau qui 

ne prbsente pas de risque a 6t63 soulign6. Les graines stock&es sont susceptibles de reprendre une 

tencur en eau suffisante pour permettre le d6veloppement d'AspergillusIlavus,s'il y a infestation 

des graines ou des gousses par les insectes, ou si les conditions hygrom. triques restent &1ev6es 

pendant plusieurs semaines. L.es mithodes de surveillance et de lutte contre les infestations par 

insectes ont dija i ntrises au point et sont dji souvent appliques dans des d6p6ts de stockage 
bien organis s. Darts la mesure du possible, les lieux de stockage ne doivent pas Utre localis s 

dans des zones d'hygrom~trie dlevie. 11a W propose de demander h l'Unit6 d'Agroclimatologie 
de I'ICRISAT d'&tablir les donnies hygromtriques pour le zones principales de culture des 
arachides dans les divers pays pendant les mois suivant les rcoltes. On a constat6 que les 

arachides destiies i I'exportation etaient susceptibles d'tre stockies dans des conditions tr s 

humides, prs du port ou dans le port en attendant l'embarquement. Le problkme de condensa

tion dans la soute des navires transportant des produits des tropiques vers des regions temp6ries 

peut aussi augmenter la teneur en eau des arachides et provoquer le d veloppement des 

champignons toxig nes, d'oO le besoin d'analyser les envois une fois arrives ,aleur destination, et 
d'effectuer une d6toxification dans la region ou dans le pays de transformation si des mesures de 
protection contre la recontamination n'y etaient pas djh mises en place. 

L'efficacit6 des m~thodes d'6chantillonnage des arachides et des produits Abase d'arachides a 

W discut e et les travaux effectu6s par I'Overseas Development Natural Resources Institute 
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(ODNRI) dans le but d'affiner le plan du Tropical Production Institute ont &t&dbcrits. Cestravaux comportent des simulations par ordinateur et des recherches sur des modiles math~matiques appropri~s, afin d'illustrer la repartition des aflatoxines dans des lots chantillonn6s. On asoulign& la ncessit&d'utiliser des m~thodes fiables et normalis~es d'analyse des aflatoxines.Le groupe a fortement exprim&le souhait de voir davantage de recherches sur la dtoxification des arachides et des produits Abase d'arachides. La contamination de lots de grainesentiires peut Etre rduite en 0liminant toutes les graines portant des traces visibles de moisissureou de dcoloration. N~anmoins, il pourrait y avoir un problme en ce qui concerne l'utilisationdes graines refuses. De telles graines risquent d'avoir une teneur en aflatoxines importante et nedoivent pas &treutilisies pour la consommation hlumaine ou animale. Elles pourraient &ventuellement tre utilis~es pour l'extraction d'huile, mais cette huile aurait probablement une teneurenacides gras libres plus &Ievbeque d'habitude ct ncessitcrait &galenent,sans doute, tin traitementspecial afin d' liniiner les aflatoxines. La dtoxification des tourteaux et de la farine d'arachide aetc discute en detail, un intbrzt particuli~r 6tant accord it l'utilisation de l'ammoniac. On aconclu que d'autres recherches &talent n&cessaires pour clarifier la toxicologie 6ventuelle desproduits d~toxifiis. On a propos&que les produits soient dktoxifi~s au port de d~barquement,vue l'existence de dispositions lkgales dans les pays importateurs relatives au stockage et Ala
transformation de produits entrepos~s.

Le besoin de formation en ce qui concerne la manipulation post-r~colte des arachides, lesmethodes de stockage, y compris la lutte contre les ravageurs et ]a production contre liner hydratation des produits, l' chantillonnage et l'analyse des aflatoxines et les proc~d~s de
detoxification a &t&
reconnu par tous. On a propos6 que I'ICRISAT informe les programmes etles institutions nationaux des stages partout dans le monde traitant des divers aspects duproblme des aflatoxines, et cr&6 les contacts entre les organisateurs de ces stages et les paysconcerns afin de proposer des participants potentiels. On a fait mention plus particulirementdu stage annuel de 13 semaines organis& pr l'ODNRI sur l'analyse des aflatoxines. Ce stage apour but principal de former des formateurs potentiels, qui, par la suite, pourront r~aliser laformation dans leurs piopres pays. La proposition de I'ICRISAT de produire un bulletind'information sur la contamination des arachides par les aflatoxines qui fournirait les renseignements les plus ricents sur les proc~dis de contr6le a t6 tris bien reque. Une connaissance accrue de l'importance des aflatoxines pourrait crier une demande plus importante de formation gn~rale et sp&cialiste, ce qui n&cessiterait une collaboration efficace entre les organisationsrtgionales et internationales concern6es par ce problbme afin de r6pondre Acette demande. 
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Informes de los grupos de trabajo 

I. Evaluaci6n y vigilancia continua de la contaminaci6n 
con aflatoxinas del cacahuate y sus derivados 

Participantes 

Nombre Instituci6n Pais 

D. McDonald (Moderador) ICRISAT India 
P. Subrahmanyam (Comoderador) ICRISAT India 
A. Bockelke-Morvan IRHO Francia 
B. Cc,'ibaly AGC Nigeria 
R.D. Coker ODNRI ReinoUnido 
S. Nahdi ICRISAT/NIN India 
J.Kannaiyan Msekera RRS Zambia 
C.T. Kisyombe Chitedze ARS Malawi 
A. Pollet ORSTOM Francia 
R. Quitco NAP HIRE Filipinas 
P.S. Reddy NRCG India 
M. Sabino Instituto A. Lutz Brasil 
B. Singh Peanut CRSP EUA 

El interns primordial del grupo fue c6mo enfocan los paises el problema de las aflatoxinas en 
el cacahuate. Los participantes concordaron en que existe en muchos paises una verdadera 
necesidad de poner sobre aviso a los productores, los procesadores y los consumidores de 
cacahuate y sus derivados, acerca de los peligros para el ganado y los peligros probables para los 
humanos que presenta ]a ingesti6n de cacahuates y productos derivados de 6stos cuando est~n 
contaminados con aflatoxinas. 

Los cacahuates raras veces se consumen como articulo independiente en las dietas humanas o 
en los alimentos para animales, y habia el consenso que los agricultores y otras personas que 
intervienen en el manejo de cultivos, tales como maiz, sorgo y algod6n, deberian asumir parte de 
la responsabilidad de comunicar al pfiblico los efectos dafiinos que producen los alimentos 
humano y animal cuando se encuentran conitaminados con aflatoxinas. 

Se recomend6 que los paises productores de cacahuate establecieran grupos de trabajo 
integrados por representantes de: 

Instituciones de investigaci6n y extensi6n agricola 
Institutos veterinarios y de producci6n animal 
Institutos de investigaciones m~dicas y de salud pfiblica 
Organizaciones de mercadeo 
Asociaciones de productores 
Asociaciones de procesadores 
Economistas, etc. 

Un grupo de esta indole podria promover [a adopci6n de un enfoque coordinado del 
problema de las aflatoxinas, podria mantener informado a los sectores que definen las politicas y 
enviaria representantes a reuniones regionales o internacionales en las cuales se tratan aspectos 
pertinentes al problema. 
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1-1 grtLpo de trabajo era del parecer que cada pais deberia desarrollar un sistema de evaluaci6nV \'igilancia continua del problerna de las aflatoxinas a todos los niveles, incluy~ndose en este,tinto lia supcrvisi6n ic los sectores orientados hacia la exportaci6n de productos, como aquellos
predonlinlantemente de cOIStulno local.

I)eberi-n adoptarse niutodtos confiables v uniformes de muestreo y anftlisis de las aflatoxinas,quc \a havan sido prohados ampliaientc v qlue permitan I obtenci6n de resultados estadisticamente aceptables, el base a la tccniologia, inlraestructura V personal existente, y el grado deexactitnd rcquerido. Algunos dIC los laboratorios establecidos en los paises en desarrollo en los6Iltimos 25 afios ticnen lIacilidades linitad as, v solainente pueden Ilevar a cabo anilisis condeterminados miutodos. Se reconoci6 la nccesidad de rehabilitar estos laboratorios, de mejorarsus instalacioncs v Iecapacitar a su personal cn las tievas t(cnicas analiticas. Estos laboratoriosIreccuentemcnte son las filicas installaciones analiticas del pais, y no debertn ser descartadascoMo Obsolctas hasta que lIas ,1Civa:; imstal:ciones havan sido terminadas.

La capicit acion de personal en los indt odts de muestreo v anAlisis 
 de aflatoxinas esrequerimiecto basico. unSe recomendaron cursos regionales de capacitaci6n para facilitar la 

111cloria en este rnbro.
Se acordo que lh manera mAs eficaz de librarse de la contaminac6n consistia en evitar lainlfccci6n por Asperilhs 1Ia vusen tod as las etapas de prod ucci6n, almacenamiento y procesado

(ICIlacosecha. 
Se reconiend6 qte debt dedicarse atenci6n al desarrollo de sistemas eficaces de eliminaci6n delas toxinas, para uso en: a) plantas industriales de gran capacidad yen b) plantas de capacidadredtucidl que operan en los pequeflos pueblos, a fin de proteger tanto la producci6n de aceite,

Cl)oo Ila de torta de cacahuate. 
Si bien se concord6 que existen perspectivas razonablernente aceptables de poder evitar ocliniinar la containijaci6n con allatoxinas de los cacahtates producidos para los mercados deexportac6n, habia poco optimismo sobre la probabilidad de mejorias, en el futuro inmediato, 

en el inmportainte sector de consumo local.
Se co:nent6 que varios expositores en este taller han subravado el peligro que existe de que loscalcahualcs contaminados que SCeliminan de los productos exportados sean entregados a losinercados locales. Por Io tanto, se reconlienda quc aquellh, personas o empresas que llevan acabo lh separaci6n de los cacahuates contaminados, aseguren que el material altamente t6xicoquede delinitivalmente eliminado de ser usadO conio alimento. Donde existen instalacionesid6neas. el aceife podri extraerse de tales materiales veliminarse las toxinas del misnio, pero latorta de cicahuae resttnte solaniente podria usarse como abono orgfnico.Las actividades dc organismos, tales corno el Peanut CRSP v OI)NRI, que realizan estudiossobre los sistemas locales del procesad(, de cacahuates para el consumo humano, recibieroncalUroso reconocimiento. I asesoramiento s,)lre los tri i(dos empleados en tales estudiospermitiria a los socjoCcononi istas N.especialistas en economia domtstica de los paises en
desarrollo, hacer re':onmend:lciones 
a los procesadores N'consumidores, basadas en una informa

cion c,'npleta Yenteramente confliable.
La idea de poder contar con un servicio de informnaci6n bibliogr fica, con organizaci6nelectr6nica de los datos, fue aceptado con gran inter~s por el grupo de trabajo. l.a propuesta deproducir boleines informativos o manuales sobrc el control de las aflatoxinas en los cacahuates 

y sus derivados fue apovada vigorosanienle.
Se expres6 la necesidad de realizar reuniones peri6dicarnente para aseguar el intercambio deinformaci6n y fomentar i cooperaci6n en las investigaciones. Esto puede lograrse mediante larealizaci6n de reuniones especiales, simultineamente con los talleres regionales e internacionales, tal como se hizo en la reuni6n sobre micotoxinas, que se efectu6 conjuntamente con el

Congreso Internacional de Fitopatologia, en Australia. 
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II. Mtodos para analizar las aflatoxinas 
en el cacahuate y sus derivados 

Participantes 

Nombre Instituci6n Pais 

F.S. Chu (Moderador) Universidad de 
Wisconsin EUA 

D.V.R. Reddy (Comoderador) ICRISAT India 
R.J. Cole USDA-ARS EUA 
Xiao Daren CAAS China 
T. Goto NFRI Jap6n 
S. Moody RSBS Australia 
J.D. Reed ILCA Etiopia 
I.A. Rana NARC Pakisidn 
A.lH. Siwela CSRI Zimbabwe 
M. Somabhi FCRI Tailandia 
R. Jambunathan ICRISAT India 
V. Anjaiah ICRISAT India 
S. Jayanthi ICRISAT India 

El grupo consider6 que el tamafio de las muestras y las tcnicas de muestreo deben ser 
apropiados a los objetivos de cada estudio. Para los estudios de vigilancia y supervisi6n, y 
cuando se seleccionan cultivares con base c,, u resistencia, etc., se recomienda el uso de 
muestras grandes. Para fines de control de calidad y cumplimiento de normas legales deberfn 
seguirse los mtodos oficiales de muestieo, tales como los del Instituto para el Desarrollo de 
Recursos Naturales en Ultramar (ODNRI) (adevuado hasta el nivel 30 g kg-') y de los Estados 
Unidos (que son preferidos al nivel de 20 g kg-' de aflatoxinas). Los procedimientos de 
subdivisi6n de las muestras y de manejo de stas tambi~n son importantcs. Se debe ejercer 
cuidado para evitar recontaminaciones despu6s de efectuado el muestreo, almacenfndose las 
muestras bajo condiciones frcscas y secas. 

Aunque varios expositores y participantes nianifestaron que consideraban que el m~todo de 
ELISA es una herramicnta poderosa para la selecci6n de los cacahuates por su resistencia a las 
aflatoxinas, pensaban que rnmtodos tan bien cstablecidos, como el uso de minicolumnas, no 
deberian descartarse. En general, prevalccia el sentir que el m~todo ELISA solamente se podria 
adoptar despu sde realizar cstudios adicionales colaborativos y la aceptaci6n del mismo por la 
Asociaci6n de Quimicos Analiticos (AOAC). Sin embargo, otr.'s opinaban que el m~todo 
ELISA ripido era una alternativ mejor que, por cjemplo, la prucba rApida con tarjeta, de 
ELISA (Quick-card test). 

Se observ6 que, aunque se pueden obtener en el comercio es 1Andares dt aflatoxinas, la pureza 
de los mater;-les debe revisarse mediante el jnctodo de cromatografia de capa delgada (TLC) y 
las concent. ones de las misinas deben determinarse en forma espcctrofotom~trica. Se sugiri6 
que patrones de aflatoxinas se pusieran a la disposici6n, a trav~s de acciones "internacionales". 
Muestras patrones de cacahuates que contienen cantidades conocidas de aflatoxinas (que 
pueden obtenerse de la Comunidad Econ6mica Europea, CEE), podrian usarse como muestras 
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testigo, para verificar la capacidad analitica v precisi6n de cada laboratorio. La participaci6n enel programa internacional de muestras testigo de aflatoxina;, ha sido organizado por la AgenciaInhernacional de Investigaci6n contra el CAncer, con oficinas en Lyon, Francia, fue mencionada 
corno posible via de interacci6n. Se reconiend6 que se organicen programas regionales ynacionales de anidisis de nuestras testigo. El grupo concord6 en que solamente aquellosmntodos que se havan sometido a un estudio colaborativo v que hayan sido adoptados por unorganismo patrocinador, tal conio cl AOAC o la EF.C,deban usarse con fines de control decalidad y el cumplimiento de normas legales. Para fines de investigaci6n, podr~n usarse otros
mnitodos que han demostrado scr comparables a los nictodos oficiales.

El grupo concord6 en que EIISA Cs un mrutodo sencillo, sensible y especifico para el anhlisisde micotoxinas, con potencial de ser usado en el analisis cuantitativo de aflatoxinas en cacahuates N,cono prueba de selecci6n en los liniites inferiores iedetecci6n, de 5 a 10 g kg- 1.Podriaautornatizarse para la selecci6n dc Un gran ntimcro de muestras. El alto costo de los equipos
ELISA que existen en el mercado, asi corno la dificultad de obteci6n vvariable estabilidad de losreactivos empleados. pueden limitar su uso en los paises en desarrollo. Si bien algunos estudioshan demostrado que los rcsultados obtenidos con ELISA son comparables a aquellos obtenidos 
con cromatografia de capa delgada (TL.C) y cromatografia liquida de alto rendimiento (H PLC),se requieren afin nms estudios comparativos. Actualmente, se Ilevan a cabo estudios colaborativos sobre dos mnitodos ELISA para la detecci6n de aflatoxinas en productos agricolas,incluvendo cacahuates. Si se obtienen buenos resultados, estos dos mnitodos probablernente
serin aprobados por la AOAC. I)ebe recalcarse que los estudios colaborativos sobre ELISA
solarnente evalfan los protocolos FIISA y sirven para establecer un juego de patrones paraELISA. Los usuarios tendrn que verificar ha eficacia de los equipos que se encuentran en elmercado. El grupo recomend6 la adopci6n de los siguientes criterios para la evaluaci6n de los
protocolos en estudios colaborativos: 

I. Alcance normal .vlimites de detecci6n (sensibilidad);
2. Flexibilidad de uso con diferentes solventes extractores; 
3. limites de la relaci6n "sefial"i"estftica" o "ruido de fondo";
4. Especificidad (probabilidad de reacciones indeseables); 
5. Reproducibilidad (CV), '
 
6. C6mo evitar interferencias causadas por liamatriz de la muestra. 

El grupo recornienda vigorosamente que sc establezcan talleres regionales de capacitaci6n enmetodologia analitica. Tales tallcres debu'rfi incluir tanto clases formales y prficticas de laboratorio sobre metodologias analiticas en general, corno los m&todos ELISA para el anhlisis demicotoxinas. Los candidatos a recibir esta capacihaci6n deberin tener la experiencia y antece
denies pertinentes, Nserru seleccionados entre los paises en desarrollo. Se recomend6 que un
comit, sea establecido para inplernentar lo antes expuesto. 
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III. Investigaciones sobre el control de la contaminaci6n 

con aflatoxinas en los predios rurales 

Participantes 

Nombres Instituci6n Pals 

K.J.Middleton (moderador) QDPI Australia 
R.C. Nageswara Rao (Comoderador) ICRISAT India 
M. Arora University College, Reino Unido 

Londres U.K. 
V. Ramanatha Rao ICRISAT India 
M.J. Freire UEM/ICRISAT Mozambique 
J.I. Pitt CSIRO Australia 
M.J. Vasudeva Rao ICRISAT India 
F. Waliyar ICRISAT India 
S.N. Nigam ICRISAT India 
P.D. Blankenship USDA-ARS EUA 
R.J. Cole USDA-ARS EUA 
V.K. Mehan ICRISAT India 
R.S. Sandhu FAO Zambia 
K.K. Shrestha Depto. de Agricultura Nepal 
R.E. Petit Universidad 

Texas A & M. EUA 
M.D. Raya Depto. de Agricultura Tanzania 
J.H. Williams ICRISAT India 

El grupo consider6 el control de la contaminaci6n de los cacahuates en los predios rurales, 
bajo dos rubros principales: primero, el desarrollo de pr~cticas adecuadas para los pequefios 
agricultores en las regiones del tr6pico semiirido (TSA) y, segundo, la identificaci6n de las 
deficiencias mhs importantes en el entendimiento de los factores que determinan si el cultivo del 
cacahuate es invadido, o no, por hongos toxig6nicos, con la subsecuente contaminaci6n con 
aflatoxinas. 

El grupo sinti6 que ya habia considerable cantidad de informaci6n y recomendaciones acerca 
de c6mo .odrian los peque-ios agricultores del TSA evitar, o cuando menos reducir grande
mente, el riesg,, Je que sus cacahuates se contaminen con aflatoxinas. Se considera que el 
problema consiste en que hay una falta de conocimiento de los agricultores, de la necesidad de 
seguir las prfcticas recomendadas para el control de la infecci6n fungosa de las semillas de 
cacahuate, tanto antes de la cosecha, como durante el periodo del arranque de las plantas, su 
secado y la trilia,de las vainas. Varios paises han proporcionado a sus agricultores excelentes 
recomendaciones para el control de las aflatoxinas, a trav~s de sus oficinas de extensi6n agricola 
y su ejemplo debe emularse por otros paises. Los factores que deben subrayarse al elaborar las 
recomendaciones de las prtcticas a seguir son: la importancia que tienen las sequias durante la 
tiltima parte del ciclo de desarrollo del cultivo, porque las vainas en las plantas que sufren 
marchitamiento permanente durante las 6iitimas dos o tres semanas de maduraci6n de la 
cosecha, muy probablemente contendrn aflatoxinas; el papel de los insectos del suelo en 
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predisponer a las vainas y semillas a la invasi6n por hongos toxig~nicos; el posible papel de unadeficiencia de calcio en el suelo en relaci6n con la infecci6n fungosa de las vainas; ]a importanciade arrancar oportunamente las plantas, a fin de reducir las proporciones de vainas excesivamente maduras o excesivamente inmaduras en la cosecha; el evitar dafios a las vainas en elarranque de las plantas, su secado v trilla; y la importancia de contar con un lugar seco y bienventilado para el almacenamiento de la cosecha en el predio rural. Las perspectivas de eliminarlas micotoxinas del aceite de cacahuate, tanto en el predio rural corno en los pueblos pequefios,se discutieron, sugiriendose el uso de arcillas. luz solar, etc. Se requiere de ]a participaci6n deespecialistas en salud ptiblica, nutrici6n y economia dombstica, adems del personal de extensi6n agricola para que los peligros de la contaminaci6n con aflatoxinas puedan reducirse al nivelde los predios rurales o poblados pequefios. Se seral6 la necesidad de capacitar al personalmencionado, a fin de prepararlo para ]a difusi6n masiva de los procedimientos de control deaflatoxinas, y se recomend6 la claboraci6n de un boletin informativo o manual sobre el control
de las aflatoxinas en cacahute.

Se discutieron las lagunas existentes en nuestros conocimientos, acerca de la forma en la cuallos hongos toxig6nicos A. flavusy A. parasiticusinvaden las vainas ysemillas de cacahuate, y delos factores del medio ambiente que influven en este proceso. Es importante estudiar lasobrevivencia de estos hongos en el suelo de los campos cacahuateros y descubrir en qu6 forma eltipo de suelo, sistema de manejo del cultivo, y las condiciones de temperatura y humedadinfluyen en las invasiones fungosas. La producci6n de esclerosis puede ser importante. Latransmisi6n en la senilla de A. flavus puede influir en la acumulaci6n de in6culo fungoso en lossuelos cacahuateros. Se ha sugerido a veces que cuando los cacahuates contienen nivelesmoderadamente altos de aflatoxinas, pueden emplearse como semilla para siembras. Se sabeque esta es una prfctica peligrosa, ya que tales cacahuates bien pudieran contener miceliosviables de A. fIavusy bajo condiciones desfavorables ala germinaci6n de la semilla, dar origen afallas completas en la emergencia, debido ala necrosis de las radiculas, causadas por la presenciade aflatoxinas en las plfntulas nacientes. Se ha sugerido que los cacahuates otorta de cacahuatecontaminados con aflatoxinas podrian usarse como abonos orghnicos. Esto quizA sea factibledonde el calentarniento durante el proceso de extracci6n del aceite mata los micelios fungosospresentes, pero el uso de semillas o lorta de cacahuate que contienen A. flavusen forma viable,podria incrementar grandemente la poblaci6n de este hongo en el suelo y exacerbar el problemade contaminaci6n con aflatoxinas en las siembras subsecuentes de cacahuate. Hay poca informaci6n definitiva sobre los mecanismos de la resistencia en los gin6foros, vainas y semillas a lainvasi6n por A. flavus y A. parasiticus.Estudios adicionales deben efectuarse con cultivaresresistentes y susceptibles para examinar, en ambos casos, los procesos de infecci6n y colonizaci6n de las vainas y las semillas. La resistencia quimica en la cAscara de las vainas es preferible aeste tipo de resistencia en la semilla, porque los compuestos quimicos protectores podrian tenerefectos antinutricionales, o t6xicos, cuando fueran ingeridos por seres humanos o animales.Hubo interes en las investigaciones sobre la producci6n de fitoalexinas en las semillas de
cacahuate, y se considera que scria muy 6itil que se pudiera obtener mediante el fitomejoramiento un cultivar cuyas semillas retuvieran ]a capacidad de producir fitoalexinas hasta que

maduraran las plantas.


Contar con informaci6n definitiva sobre los mecanismos de resistencia de las vainas y semillas
a la invasi6n fungosa, facilitaria grandemente los trabajos gen&ticos para la obtenci6n de
cultivares resistentes. Las contribuciones de diferentes mecanismos ala resistencia total podrianevaluarse, y la. t cnicas de selecci6n por resistencia, mejorarse. F1 fitomejoramiento para lograrresistencia es una importante meta alargo plazo.Se considera que un estudio global sobre la presencia de cepas toxig~nicas y no toxig~nicas de 
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A. flavus y A. paraiticusseria valioso. Esto requeriria la identificaci6n precisa de las dos 
especies citadas y una evaluaci6n cuidadosa de sus poblaciones en la micoflora del suelo. 

Se expres6 la necesidad de capacitar personal en los m~todos de selecci6n para lograr 
resistencia v en las tlcnicas empleadas ;n el anAlisis de la micoflo, i del suelo. La informaci6n 
existente sobre rnitodos de selecci6n podria incluirse en el boletin informativo propuesto. 
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IV. investigaciones sobre el control de la contaminaci6n con 
aflatoxinas en el almacenamiento, transporte, 

procesado, etc. 

Participantes 

Nombre Instituci6n Pals 
T.O.M. Nakayarna (Moderador) Peanut CRSP
J.A. Wightrnan (Comoderador) EUA 

ICRISAT India 
R.V. Blhat NING. Chandrashekhar IndiaIOPEA IndiaC.L.L. Gowda ICRISAT-AGLN IndiaM. Machmud BORIF IndonesiaG.V. Ranga Rao ICRISAT IndiaM. Read PMB AustraliaT. Shantha CFTRI IndiaD.B.T. Wijeratne Direcci6n de 

AgriculturaH. Amra Sri Lanka
NRC EgiptoN.E. Ahmed Gezira ARS Suduin 

Las discusiones cubrieron los problemas de contarninaci6n con aflatoxinas durante el manejopostcosecha, el almacenarniento yel procesado de los cacahuates. Se concluy6 que el desarrollode Aspergillus Ilavusy la produccidn de aflatoxinas en los cacahuates o sus derivados, podriaocurrir en todas las etapas, y por estar las conidias del hongo presentes casi universalmente, elfactor determinante rins importantc es el contcnido de humedad presente en los cacahuates o susderivados. Se subray6 la ncccsidad de secar las scmillas hasta quc su contenido dc hurnedad nopresente riesgos. La sernilla almacenada puedc absorber del aire humedad suficiente parapermitir el desarrollo de /A.Ilavus, si existe una infcstaci6n de insectos en las vainas o semillas, osi hay alta hurnedad relativa durante varias semanas. Los rntodos de vigilancia constante y decontrol de las infestaciones de insectos estin bien establecidas yson de uso comfn en dep6sitos yalmacenes bien organizados. Debe evitarse, de ser posible, la ubicaci6n de dep6sitos de cacahuates en Areas que tienen ahfa humedad relativa. Se sugiri6 que pidieraseagroclimatologia a la unidad dedel iCRISAT, que compilara ]a inforrnaci6n existente sobre la humedadrelativa de las principales regiones productoras de cacahuate en diferentes paises, durante losmeses subsecuentes a la cosecha de este cultivo. Se seial6, asimismo, que donde los cacahuatesson un producto de exportaci6n, probablemente serfn almacenados bajo condiciones rauyhtimedas en las proximidades de algtin puerto maritimo, mientras Ilega el momento deembarque para su transporte a ultrarnar. La condensaci6n de la humedad presente en lasbodegas de los barcos que transportan productos de los tr6picos a las regiones templadas, puedetambi~n dar origen al humedecimiento de los cacahuates y al desarrollo de hongos toxignicos.Lo antes expuesto fundamenta la necesidad de realizar an~lisis de aflatoxinas en los lotes decacahuates, al llegai &stos a sus destinos, y tambi6n sefiala que el proceso de eliminaci6n detoxinas debe realizarse en el Area o pais donde el producto va a ser procesado, a menos de que se 
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establecan medidas de protecci6n adecuadas que eviten la recontarninaci6n de los materiales 
ratadOS. 

Se trat6 arnpliamente la eticiencia del inuestreo de cacahuates y sus derivados y se descri
hicron los traba.os qie se desarrollan en el lnstituto paraeli)esarrollo de Recursos Naturales en 
I Iltramar (O)NRI) para refinar el plan del Instituto de Producci6n Tropical. Esto incluye la 
simulaci6l eln computadora einvestigaciones ptra encontrar modelos matemriticos apropiados 
quo rep reseCntcn hi Llistrihtciide las aflatoxin as cin las in test ras. La necesidad de usar m&todos 
Cona lCs v dCbidlmcntC cali brados en los an'illsis de las aflatoxinas tanibin se recalc6. 

F: yrupo apoya Iluertelnente la necesidad tIc r:ali/ar investigaciones adicionales sobre la 
cliiinacl6n de las toxilnas de los cacahuates v sus producos derivados. La contarninaci6n de 
otcs de semillas enteros pucde reducirse imediante ]a eiminaci6n de las semillas decoloradas o 

%isiblencnle d afiiadJas por el ataqie de hongos. Sin embargo, puede haber un1problema en lo 
reCercntC al uso su bsecmIet qine se da a las semillas desechadas. E-stas probablermnte tienen 
altos iveles Lc contamitaciCmn Con ailatoxinas v no dehen ser usadas en el alimento hlimani o 
animal. Sc podria extraer sit aceite, pero este probablemente tendria tin nivel nils elevado que lo 
normal de icidos grasos fibres y probablemente tambici requerira nin trataniiento especial para 
eliminar aflatoxinas. la eliminaci6n de las toxinas de las tortas y granulados de torta de 
cacahimatc se cxamnno con especial atencioi al uso del amoniaco. Es el parecer general que 
investigaciones adicionales son necesarias para esclarecer lIa posible toxicologia de los productos 
deriivados de cacahtialtc, a los cuales se hliayan eli minado las toxinas. Se ha sugerido que a estos 
productos se les pod ria elimitiar las toxinas el los ptiertos de desenlbarcici6n, dado que existen 
disposiciones legales sobre sit iali ,cnamiento v plr StI procesado bajo fianza, en los paises 
iin port ad ores. 

Se conicord() en l necesidad de iniciar prograinas de capacitaci6n en el manejo postcoseeha de 
los acahulites, en los procediientos de alhmacellamiento (incluvcndo el combate de plagas y la 
prc\'een cjon del hurnedecirnicnto o bidratacimn de los granos), en cl muestreo v anfrlisis de 
atflatoxinlas v en los pltcesos de elirninaciln de las toxinas. SC sIgiri6 que cl ICRISAT podria 
inoorm ar it los progranlas c instituciones ni'cionales acerca de cursos qtie se imparten ell 
difercntcs partes del mundo, Nobre diversos aspectos del problena de las a~latoxinas y porer a 
los orealni/ad .es de tales e rasos ell contacto Con las Ilist it ticiones o personas iddneas, en paises 
qte estariian inlteesados en los mismos, it fin de qLie propusieran nonibres de participantes. La 
proppuesta del IW(RISAT de producir un boletin inforiativo sobre atlatoxinas en el cacahuate 
Con inflornlaeiC16 icttialiiada acerca de los procedirnientos para su control, fue apoyada en 
forma unaninic. I.a creciente comprensi6n de lh importancil dc las aflatoxinis puede originar 
una gran dcmarda de prograrmas de capacitaci6n, Ianto de indole general como especialiiada, io 
cual requerirN't del esfablecilmicnto de Utna estrecha colaboraci6n entre las organizaciones regio
nales c internacionales iesponsables de combatir el problema de las aflatoxinas a fin de poder 
satislacer lh denianda mencionada. 
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Recommendations
 

The Workshop identified various areas of concern about aflatoxin contamination of groundnut 

covered in detail in the Group Discussions. The overall
and made recommendations that are 

recommendations of the Workshop are as follows. 

Information and Training 

The Workshop emphasized the need to increase awareness of the dangers ofaflatoxin contamin

international groups, national governation of groundnuts and groundnut products among 
producers, and ultimately the consumers. Organizationsments, the gruundnut industry, the 

such as FAO, WHO, the EEC, etc. could do more in this respect and could cover the problem of 

allatoxins in all coimodities. National governments are likely to take more notice of advice 

FAO and WHO than from other organizations.from 
more readily available

The need to make information on the groundinut aflatoxin problem 

stressed. ICRISAT was encouraged to proceed vith the preparation of a database on 
was 

the subject, and to organize the production of a handbook or information bulletinslitert*:UI 01i 
on sampling and analytical methods, Ind on management practices for control of aflatoxin in 

groundnut. It was also suggested that ICRISAT could act as a clear ng house to inform all 

concerned with the aflatoxin problem of proposed training courses, workshops, etc. 

Strategies 

Trhe concerned groups, AGC, EEC, FAO, and Codex Alimentarius, should continue to work 

towards a standard international legislation on regulatory levels of aflatoxin in groundnuts and 

groundnut products for hum.,n and animal consumption. At the national level, countries are 

recommended to set up interdisciplinary working groups to coordinate the evaluation of the 

a responsible agency, organize monitoring of
aflatoxin problem in their country, identify 

aflatoxin levels in foods and feeds, and initiate and coordinate research with a view to preparing 

recommendations for control at all levels. Particular attention was directed to ensuring that 

control measures for reduction of aflatoxin levels in groundnuts destined for export should not 

further exacerbate the problem in groundnuts for local consumption. 

Research Needs 

Research needs should be clearly defined in the light of each country's problems and capabilities, 

and work should be carried out using the mos. appropriate technologies and by the most 

relevant organizations. Training of staff in new techniques will be required in many countries if 

rapid progress is to be made. The need for cooperation in training and research, both nationally 

and internationally, was recognized. 
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Recommandations 

L'Atelicr a identifi&les divers domaines de pr&occupation en ce qui concerne la contaminationdes arachides par les aflatoxines et a propos&des recommandations qui sont rapport~es en d6taildans les Discussions en Groupes. Les recommandations globales de l'Atelier sont les suivantes: 

Information et formation 
L'Atelier a soulign(' le besoin de rendre les groupes internationaux, les gouvernements nationaux, l'industrie arachidilrc, les producteurs et rnme les consommateurs plus conscients dudanger de la contaminiation des arachides et des produits 'i base d'arachides par les aflatoxines.Des organisations telles que la FAO, I'OMS etdomaine et po 

la CEE, etc., pourraient faire plus dans ccrraient s'int&resser au probl'me des aflatoxines dans toutes les matibres premi&res agricoles. les gouverncmnits nationaux so1 plus susceptibles de tenir compte des conseilstie la FAO e de I'OMS tite ceuxLe venant d'autres organismes.hesoin de rendre plus disponibles des informations suregalement it sonlhgnt. le problbme des aflatoxines aI.'ICR ISAT a &t&encourage i poursuivre lhi mise en place d'une base dedonrnics relative aila document.,ition existant surce sujet et "Aon organiser ]a production de manuelsde bulletins d'informations traitant des mrthodes d'chantillonnage ou d'analyse et de lagestion des contr6le des aflatoxines chez l'arachide. On a 6galement propos& que l'ICRISATagisse en tant que centre de diffusion, fournissant Actous ceux concern~s par le problbme desaflatoxines des informations sur les stages de flormation proposes, les Ateliers etc. 

Strategies
 

I.es Groupes concern~s, I'AGC, ]a CEE, la FAO et le Codex Alimentarius, doivent continuerleurs efforts pour 0tablir une 10gislation internationale standard en ce qui concerne les teneurs enaflatoxines 10galement admissibles des arachides et des produits Abase d'arachides destin~s Ai]aconsomiation huniaine et animale. Au niveau national, on pr~conise que les pays mettent enplace des groupes de travail pluridisciplinaires chargs de coordonner et d'&valuer le problbmedes aflatoxines dans lc pays concern&, identifier un organisme comp~tent et organiser le suivi desteneurs en aflatoxines des aliments destin~s i la consommation humaine et animale, et d'initieret coordonner des recherches visant la preparation de recommandations pour un contr6le Atousles niveaux. On doit vciller particulibrement Aceaflatoxines des arachides destin~es 
que les niesures de contr6le des teneurs eni l'exportation n'aggravent pas le problkme en ouiconcerne ccles arachides destin~es A la consommation locale. 

Besoins en recherches 
Les besoins en recherches doivent tre clairement dMfinis en tenant compte des problrencontr~s par chaque pays et selon les movens du pays concern&; le travail doit Wtre r~alis&en 

mes
 
faisant appel aux technologies les plus adapt&-s et doit 
 tre effectu, par les organismes les plus
appropri~s. Dans beaucoup de pays, il sera ntcessaire de former le personnel dans les nouvellestechniques, afin d'assurer des progrbs rapides. Le besoin de cooperation dans le domaine de laformation et de Ia recherche, ii un niveau national et international, a &t&reconnu par tous. 

416
 



Recomendaciones
 

El taller identific6 varias direas que son motivo de preocupaci6n, en relaci6n con la contamina
ci6n del cacahuate con aflatoxinas, yformul6 recomendaciones que se exponen en detalle en los 
informes de los grupos de trabajo. Las recomendaciones generales del taller son las siguientes. 

Informaci6n y capacitaci6n 

El taller subray6 la necesidad de aumentar la comprensi6n de los peligros de la contaminaci6n 
con aflatoxinas en los cacahuates y sus derivados, entre grupos internacionales, gobiernos 
nacionales, la industria cacahuatera, los productores y los consumidores. Las organizaciones
tales como la FAO, OMS, CEE, etc., podrian hacer mis en este respecto y podrian cubrir el 
droblema de las aflatoxinas en todos los productos comerciales. Los gobiernos nacionales 
probablemente ponen mayor atenci6n a los consejos recibidos de la FAO y OMS que las que
reciben de otras organizacioncs. La necesidad de lograr que la informaci6n sobre el problema de 
las aflatoxinas en cacahuate pueda obtenerse con mayor facilidad fue subrayada. Se alent6 al 
ICRISAT a proceder a la organizaci6n electr6nica de la bibliografia existente sobre aflatoxinas, 
y a organizar la elaboraci6n de un manual o boletin informativo sobre muestreo y mtodos 
analiticos, ysobre prdicticas de manejo del cultivo para combatir las aflatoxinas en el cacahuate. 
Tambi~n se sugiri6 que el ICR ISAT podria funcionar como una bolsa informfitica, que haria del 
conocimiento de todos los organismos responsables del combate del problema de ias aflatoxi
nas, los lugares y fechas en que se llevar:n a cabo cursos de capacitaci6n, talleres, etc., sobre 
diversos asptctos de interns para ellos. 

Estrafegias 

Los grupos interesados, AGC, CEE, FAO y el Codex Alimentarius, deben continuar trabajando 
para lograr el establecimiento de legislaci6n internacional uniforme, que reglamente los niveles 
aceptables de aflatoxinas en los cacahuates y sus derivados para el consumo humano o animal. 
A nivel nacional, se recomienda a los paises que organicen grupos de trabajo interdisciplinarios, 
para que coordinen 1,evaluaci6n del problema de las aflatoxinas en su pais; que designer una 
agencia gubernamen.' -esponsable de darle seguimiento a las acciones requeridas; que organi
cen la vigilancia constante de los niveles de aflatoxinas presentes en los alimentos humano y
animal e inicien y coordinen las investigaciones necesarias para la elaboraci6n de recomenda
ciones para combatir las aflatoxinas a todos los niveles. Se pidi6 que se dedicara especial
atenci6n a asegurar que las medidas utilizadas para reducir los niveles de aflatoxinas en los 
cacahuates destinados a la exportaci6n no agraven el problema existente en los cacahuates 
destinados al consumo local. 

Investigaci6n requerida 

Debe quedar claramente definida la investigaci6n requerida en funci6n de los problemas
existentes en cada pais y de la infraestructura y personal que se dispone para desarrollar 
investigaciones sobre aflatoxinas. El programa debe desarrollarse con las tecnologias mfis 
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apropiadas y con la participaci6n de las organizaciones mfs relevantes. La capacitaci6n de 
personal en las nuevas t~cnicas serd necesaria en muchos pa-ses, si se desea lograr progresos
ripidos. Se reconoci6 ]a necesidad de cooperaci6n nacional e internacional, tanto en la capaci
taci6n del personal, como en el desarrollo de las investigaciones requeridas. 

418 



Participants
 

Ahmadou Bi R.V. Bhat 
Technologist Assistant Director 
Institut S6n6galais de Recherches Food and Toxicology Research Centre 

Agricoles (ISRA) National Institute of Nutrition 
ISRA BP 199 Indian Council of Medical Research 
Kaolack Jamia Osmania PO 
Senegal Hyderabad 500 007 

Andhra Pradesh 
N.E. Ahmed India 
Plant Pathologist 
Botany and Plant Pathology Section P.D. Blankenship 
Agricultural Research Corporation Agricultural Engineer 
Ge/ira Research Station United States Department of Agriculture 
Wad Medani Agricultural Research Service 
Sudan (USDA, ARS) 

National Peanut Research Laboratory 
H.A. Amra 1011 Forrester Drive, S.E. 
Research Scientist Dawson, GA 31742 
Mycotoxins Laboratory USA 
National Research Centre 
Dokki A. Bockel~e-Morvan 
Cairo Director of Oil Crops Division 
Egypt Insfitut de Recherches pour les Huiles et 

Ol6agineux (IRHO) 
M. Arora Centre de Coop6ration Internationale 
Research Fellow en Recherche Agronomique pour le 
c/o R.N. Strange D~veloppement (CIRAD) 
Department of Botany and Microbiology II Square P6trarque 
University College London 75116 Paris 
Gower Street France 
London WCIE 6BT 
UK A.D. Caley 

Research Manager 
E.F. Baquete Grain Marketing Board (Zimbabwe) 
Veterinarian and Quality Control Analyst PO Box 8014 
National Laboratory of Water and Food Causeway 

Hygiene (LNHAA) Harare 
Caixa Postal 264 Zimbabwe 
Maputo 
Mozambique 

419 



G. Chandrashekhar 
Secretary 
Indian Oil and Produce Exporters
Association 

78-79 Bajaj Bhawan 

Nariman Point 

Bombay 400 021 

India 

F.S. Chu 

Professor of Food Toxicology 
University of Wisconsin 
Department of Food Microbiology 
and Toxicology 


1925 Willow Drive
Madison, WI 53706 
USA 

R.D. Coker 

Principal Scientific Officer
 
Mycotoxins Section 

Overseas Development Natural Resources 
Institute (ODNRI) 


56-62 Gray's Inn Road 

London WCIX 8LU 

UK 

R.J. Cole 

Research Microbiologist and 

Location Coordinator 

United States Department of Agriculture
Agricultural Research Service 
(USDA, ARS) 

National Peanut Research Laboratory
1011 Forrester Drive S.E. 
Dawson, GA 31742 
USA 

B. Coulibaly 
Deputy Director 
Scientific and Technological Department 
African Groundnut Council (AGC) 
Trade Fair Complex 
Badagry Expressway Km 15 
PO Box 3025 
Lagos 
Nigeria 

Xiao Daren 
Research Assistant 
Institute of Oil Crops 
Chinese Academy of Agricultural 

Scieuces (CAAS) 
Groundnut Aflatoxin Contamination 
Project in Oil Seeds Research
 

Baojian
 
Wuchang, Wuhan, Hubei
P o l ' e u lco h n 
People's Republic of China 

M.J. Freire
 
Assistant Professor
 

Universidade Eduardo Mondlane 
Faculdade de AgronomiaGroundnut Improvement Project/IDRC 
Caixa Postal 257 
Maputo
Mozambique 

T. Goto
 
Senior Research Officer
 
Mycotoxins Laboratory
 
National Food Research Institute
 
Ministry of Agriculture, Forestry,
 
and Fisheries 

2-1-2, Kannondai
 
Tsukuba, Ibaraki 305
 
Japan
 

J. Kannaiyan
 
Grain Legume Pathologist
 
Eastern Province Agricultural
 
Development Project 

Government of Zambia 
Department of Agriculture, 

Research Branch 
Msekera Regional Research Station
PO Box 510089 
Chipata 
Zambia 

420 



C.T. Kisyombe 
Senior Groundnut Pathologist 
Ministry of Agriculture and Natural 

Resources 
Chitedze Agricultural Research Station 
P0 Box 158 
Lilongwe 
Malawi 

M. Machmud 
Plant Pathologist 
Bogor Research Institute for 
Food Crops (BORIF) 

PO Box 368/800 
Jalan Cimanggu 3A 
Bogor 16111 
Indonesia 

K.J. Middleton 
Senior Plant Pathologist 
Queensland Department of 
Primary Industries 

J Bjelke-Peterson Research Station 
PO Box 23 
Kingaroy 

Queensland 4610 
Australia 

S. Moody 
PhD Student 
Research School of Biological Sciences 
Australian National University 
PO Box 475 
Canberra City 
ACT 2601 
Australia 

S. Nahdi 
Postdoctoral Fellow 
Council of Scientific and Industrial 

Research 
Food and Drug Toxicology Centre 
National Institute of Nutrition 
Indian Council of Medical Research 
Jamia Osmania PO 
Hyderabad 500 007 
Andhra Pradesh 
India 

T.O.M. Nakayama 
Professor, University of Georgia, and 
Project Director, Peanut Collaborative 
Research Support Program (CRSP) 

Georgia Experiment Station 
Griffin, GA 30212 
USA 

R.E. Pettit 
Associate Professor 
Texas A&M University 
Texas Agriculturai Experiment Statin 
Department of Plant Pathology and Micrbiology 
College Station, TX 77843 
USA 

J.1. Pitt 
Senior Principal Research Scientist 
Commonwealth Scientific and Industrial 

Research Organization (CSIRO) 
Division of Food Research 
Food Research Laboratory 
PO Box 52 
North Ryde 
New South Wales 2113 
Australia 

A. Pollet 
Entomologist 
Institut Francais de Recherche Scientifiques 
pour le De'veloppement en Coopdration 
(ORSTOM) Centre d'Adiopodoum6 

213 Rue Pupayesto 
75480 Paris 
France 

R. Quitco 
Research Associate 
National Post Harvest Institute for 

Research and Extension (NAP HIRE) 
c/o Central Luzon State University (CLSU) 
Munoz, Nueva Ecija 
The Philippines 

421
 



I.A. Rana 
Principal Scientific Officer 

ic OficerHeadNational Agriculturai Research Centre
Food 	Technology Department 
PO National Institute of Health 
National Park Road 
Islamabad 
Pakistan 

M.D. Raya

Crop Protection Specialist

Groundnut Improvement Programme

Tanzania Agricultural 
 Research Organization
TARO-Naliendele 
PO Box 509 
Mtwara 

Ta nzaina 

M. Read 

Chief Chemist 

The Peanut Marketing Board 

Haly Street 

PO Box 26 
Kingaroy 

Queensland 4610 
Australia 

P.S. Reddy 

Director
 
National Research Centre for Groundnut 

Timbawadi PO
 
Junagadh 362015GujaratDivision

Gujarat 


J.D. Reed
Animal Nutritionist 
International Livestock Centre 
for Africa (ILCA)

PO Box 5689 
Addis Ababa 
Ethiopia 

M. 	 Sabi o
 
of Department.
Quimica Biologica
 

Instituto Adolfo Lutz
 
Ar. Dr Arnaldo 355
 
Caixa Postal 7027
 
S0 Paulo 
SP-CEP 01246 

Biazil 

R.S. Sandhu
 
Groundnut Breeder
 
FAO/Government of Zambia
 
Department 	of Agriculture,
 
Research Branch
 

Msekera Regional Research Station
 
PO Box 510089
 

Chipata
 
Zambia
 

T. Shantha 
Scientist 
Discipline of Microbiology and Sanitation
Central Food Technological Research Institute 
(CFTRI)
 

Mysore 570013
 

Karanataka
 
India
 

K.K. 	Shrestha 

Plant 	Pathologistof Plant Pathology 
Department of Agriculture
Ministry of Agriculture, 
His Majesty's Government 

hmlaLitu
Khumaltar, Lalitpur
 
Nepal
 
B. Singh
Professor and Peanut-CRSP Coordinator 
Food Science Department 
Alabama A&M University 

PO Box 274
 
Normal, AL 35762
 
USA
 

422 



A.H. Siwela 
Research Officer 
Chemistry and Soil Research Institute 
Department of Research and 

Special Services 
Ministry of Lands, Agriculture, and 
Rural Resettlement 

PO Box 8100, Causeway 
H trare 
Zimbabwe 

M. Somabhi 
Director 
Khon Kaen Field Crops Research Centre 
Field Crops Research Institute 
Department of Agriculture 
Mitra Parb Road 
Khon Kaen 40000 
Thailand 

D.B.T. Wijeratne 
Research Officer 
Central Agricultural Research Institute 
Department of Food Technology 
PO Box II 
Peradeniya 
Colombo 3 
Sri Lanka
 

ICRISAT Participants 

Administration 
L.D. Swindale, Director General 
J.S. Kanwar, Deputy Director General 

Legumes Program 
Y.L. Nene, Program Director 
D. 	 McDonald, Principal Groundnut 
Pathologist 

W. Reed, Principal Pulse Entomologist 
J.P. Moss, Principal Cytogeneticist 
D.V.R. Reddy, Principal Virologist 
J.H. 	Williams, Principal Groundnut 

Physiologist 
J.A. 	Wightman, Principal Groundnut 

Entomologist 
S.N. Nigam, Principal Groundnut Breeder 

C.L.L. 	Gowda, Acting Coordinator, 
Asian Grain Legumes Network 

F. Waliyar, Assistant Principal Groundnut 
Pathologist 

V.K. Mehan, Groundnut Pathologist 
G.V. Ranga Rao, Groundnut Entomologist 
A.K. Singh, Groundnut Cytogeneticist 
D.C. Sastri, Groundnut Cytogeneticist 
M.J. Vasudeva Rao, Groundnut Breeder 
S.L. Dwivedi, Groundnut Breeder 
R.C. Nageswara 	Rao, Groundnut 
Physiologist 

V.M. Ramraj, Groundnut Physiologist 
V. Anjaiah, Research Associate 
S. Jayanthi, Research Associate 

Resource Management Program 
J.L. Monteith, Program Director 
T.S. Walker, Principal Economist 

Biochemistry 
R. Jambunathan, Principal Biochemist 
Santosh 	Gurtu, Senior Research 
Associate 

Genetic Resources Unit 
V. Ramanatha Rao, Botanist 

Information Services 
S.D. Hall, Research Editor 

Library 
L.J. 	Haravu, Manager, Library and 
Documentation Services 

Statistics 
Murari Singh, Statistician 

Training 
D.L. Oswalt, Principal Training Officer 

ICRISAT Sahelian Center 
R.W. 	Gibbons, Executive Director, 
West Africa Programs and Director, 
ICRISAT Sahelian Center 

Groundnut Improvement Program 
P. 	Subrahmanyam, Principal Groundnut 
Pathologist 

423 


