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Introduction

A General Overview of the Problem
of Aflatoxin Contamination of Groundnut

L.D. Swindale

Director General, International Crops Research Institate for the Semi-Arid Tropies

The cultivated groundnut (Arachis ivpogaca L) is the most important oilseed in the
developing world, and is i valuable source of protein for human and animal nutrition.
According to the Food and Agriculture Organization of the United Nations (FAQ) in
1985 nearly 19 million hectares were sown to groundnut worldwide, and 21 million
tonnes of dried pods were harvested., a litte better than one tonne per hectare. Abowt
B0 of the world production is from developing countries, and approximately 67¢;
irom the semi-arid tropics which is ICRISATs mandate arca. We have been charged
by the Consultative Group on International Agricultural Rescarch (CGIAR) to carry
outresearch on groundnut, particularly aimed atsmall farmers, since small farmers in
the serni-arid tropies are indeed the major producers ol the crop. Rescarch on
groundnuts started in ICRISAT in 1976, and specific mention wis made in the report
thatled to this program’sinitiation that it would be necessary to tackle the problem of
aflatoxin contamination,

The problem was first recognized following outbreaks of Turkey "N discase in the
United Kingdom in [960. The common factor in the outbreaks was that the turkeys’
diets contained groundnut meal from Brazil. Rescarch in the United Kingdom
revealed that the disease was caused by toxins produced by strains of the fungus
Aspergillus tlavas when growing on the meal, and hence these toxins were named
aflatoxins,

The Tropical Products Institute, London. now pact of the Overseas Development
Natural Resources Institute (ODNRI) and the Central Veterinary Laboratory,
Weybridge, UK, played leading parts in the extraction, purification, and identification
of the toxins, and in the development of biological and physicochemical methods for
identifving and quantifving toxins in groundnut and other commodities, This laid the
foundation for rapidly expanding rescarch worldwide to determine which commodi-
ties in addition to groundnut could be contaminated with aflatoxins, and which
species of livestock in addition to poultry were subject to aflatoxicosis. 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
hecome contaminated with aflatoxins, and of the cereal crops the most important

.



contamination by far occurs in maize. Maize and groundnuts are common items in the
dict of many people in the tropics and are common ingredients in livestock feeds in
developed countries. The most common of the aflatoxins, atlatoxin B,.1s also the most
toxic,

Ascevidence accumulated on the actual and potential importance of attatoxicosis in
relation to farm aninals, there was inereasing concern expressed as to the possible
hazard to human health. This coneern' was greatly intensified when it was shown that
rats fed on aflatoxin-contaminated groundnut meal developed liver cancer. Over the
past 25 vears 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 inanimal feeds has had w profound effect on the utilization of and trade in
groundoutsand groundnat products. Processors and importing conntries have placed
limits oo the fevels of atlatoxins permissible in groundnuts and groundnut products,
o paper at the recent FAO WHO UNEP International Conference on Mycotox-
s van Femond stated that some 50 countries have nforced or proposed aflatoxin
regulations for foodstuffs. The maximum limits range trom zero detectable to 50 ug
Ke 'o There has been a tendeney for regulations to become inereasingly steingent as
methods of detection have improved. It would naturally be preferred that no atlatox-
s are present, but this has not proved to be practicable. It is not only groundnuts for
direct human consumption that are subject to restriction. When mammals mngest
aflatoxin By the toxin can be passed through to the milk where it oeeurs in a shghtly
changed Torm called aflatoxin M. In August 1981 the Ministry ol Agriculture in the
United Kingdom banned the feeding of groundnut products to dairy cows because of
the possible hazard to the health of milk-drinkers. The milk toxin is thought 1o be
particularly important as voung animals. and presumably children also, are more
suseeptible to atlatoxicosis and the carcinogenic effects of atlatoning than are adults.

The human and fivestoek health hazards from ingestion of aflatoxin-contaminated
food are much greater in the developing than in the dey cloped world. Most developing
countries hie within the tropies where temperatures and relative humidities often favor
mold growth on these products. Also, conditions for storage often leavc much to be
desired. In many countries there are only limited or no facilities for monitoring
groundnuts and groundnut products for this contamination. There are also possible
synergistic interactions between atlatoxin and infectious hepattis virus B and there is
cvidence that the eftects of ingestion of aflatoxin are much more severe in the case of
children sutfering from severe protein malnutrition, an unfortunately common condi-
tioninsome countries where aflatoxins oceur. Where groundnut is a cash export crop
there has been atendeney to coneentrate efforts on ensuring the aceeptabihity of the
commoditiy to the importing country, while little attention has been naid to aflatoxin
levelsin produce forlocal consumption. {tis. of course, appreciated that loss of export
income can be of greatimportance, and itis also appreciated that it is difficult for some
groundnut-producing countries to meet the stringent regulations currently imposed
by importing countries. Nevertheless, local problems are important. What can be done
to climinate or reduce aflatoxin contaniination of groundnuts and groundnut prod-



ucts? 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 A4 favus 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 tarm level is to grow varieties that have the highest available
resistance to pod and seed invasion by A Iy usand also follow cultural practices that
minimize damage to pods. Late-seoson 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 notso tast as to lead to seed damage, and storage should be under
clean. dry. pest-free conditions Produce should be monitored for atlatoxin contami-
nation as it feaves the tarm or on arrival at buyving stations or processing plants, and
lots with aflatoxin levels above those permissible should be diverted to nonfood use, or
be subjected to some detoxitication process before use as {ood or livestock feed.
Retined oil from groundnuts processed in modernsolvent-extraction plants should be
free from afliatoxin, but oil produced in more primitive, village-level crushing plants
may contain significant levels and require additional treatment to render it safe for
human consumption. Even when the groundnut product reaches the consumer, the
risk of aflatoxin contamination is not over. Spores of A favusare common in the air
and in water in tropical and warm temperate regions so exposed food may be
colonized and affatoxins produced if environmental conditions and the constitution of
the tood are suitable,

It is evident that ettorts to prevent atlatoxin contamination of groundnuts must
start during crop grow th and continue until the product 1s consumed. While many of
the practices recommended for prevention of contamination are simple and casy to
apply they have to be adapted to particular agroccological conditions and some may
nat be feasible in fess-developed countries where faeilities may be minimal or non-
existent. Many ditferent groups have to be involved and must work together to tackle
the problem.

This Workshop has brougit together agricultural research and extension workers
from 26 developing and developed countries, and from various internatioral and
regiona, 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
Workshap are to make an up-to-date evaluation of the problem. and to assess recent
and ongoing rescarch, with a view to providing the best possible advice to all con-
cerned with the production of groundnuts on how to reduce, if not climinate, contam-
ination with aflatoxine,

ICRISATS own approach to aflatoxin rescarch concentrates on developing
groundnuts that do not tolerate invasion by A flavus, or that prohibit the develop-
ment of the toxin, Related studies deal with developing invitro methods to detect seed
resistance, detecting the toxins themselves, and studving the environmental tactors
affecting resistance, This may seen to be asomewhat limited approach to the problem
but ICRISAT i an international agricultural research and training institute that
conducts most of its groundnut research in three host countries: India, Niger, and
Malawi. It works, morcover, for the small farmers of all regions of the tropics where



groundnut is grown. It is not appropriate for [CRISAT to undertake excensive
rescarch on postharvest aflatoxin problems since that is the cleu responsibility of
national seientitic establishments, and it would not he appropriate tor [CRISAT 1o
tndertahe work that would retlee upon therrability to deal with such problems. 1t i,
however necessany to remember that the tirget group ol small tarmers does not, tor
the most part, have either the education, the mtormation. or the means to control
aflatoni levels by sophisticated management practices. Wedowhat itis best for us to
doand we believe that our rescarch on v vas and it toxins will enable small
farmers of the tropies to obon more profable returns from groundnut production.
Ourwork . however s but a ol contribution 1o Large problem.

s hoped that the Waorkshop and the Proceedings from it will assist in presenting
progress amade onwll nonts i dealine with the serious proble ol atlatoxin
contamination of wroutdonts and will show how (he varions rescarch achievements
contribute to s greater whole,

Fos also noped that by widely distributing beih the Summary and tull Procecdings
of this Waorkshop. we can by e problem to the attention of relevant government
authorities and policy maher o tha they cen tiheappropriate action to minimize the
health risks to both hunans and fivestoek Trom consuning contaninated groundnuts
and groundnat products. and ialso to improsve the quality of traded groundnuts, and

thus increase export carnings.



Objectives and Structure of the Workshop

Objectives
‘The main objectives of the Workshop were to:

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

® [valuate the status of research on aflatoxins in different countries: regions,
Identify arcays for collaborative reseqirch,

®  Discuss wavs of evaluating and managing the aflatoxin contamination problem in
groundnuts around the world
Identify specitic trainmg necds and organizations that can otfer training, and

¢ Develop plans for dissemmating information useful to groundnut growers, proces-
sors, users, advisory services, and policy makers.

Structure

In order tocover the wide range of topies and disciplines represented at the Workshop,
pi.pers were arranged insessions that were ordered to move from general aspecets of the
problem to specitic research topies. Summaries of all presented papersare included in
this Proceedings, With overd0 papers presented, discussions at the end of cach were of
necessity brief, but the progran allowed for the participaints to break into 2roups and
aold in-depth discussions within these groups. Ata final plenary sesston cach group
chairman presented o report and recommendations that are included in this
Proceedings,

Ihe recommendations of cach group were considered during the plenary session by
all participants wnd the fimal recommendations of the Workshop have been formu-
fated from these deliberations.

A major recommendation, and a continuing theme throughout presentations and
discussions was the need toincrease awareness of the problem of aflatoxin contamina-
tion at all levels, from the general public and Tarmers, to food policy makers and
representatives of trade and industry, In recognition of this a decision was made to
prepare this Sumniry Proceedings and to distribute it as widely as possible. A full
Proceedings that includes tull texts of presented papers s in production and will be
available from TCRISAT later in 19SS,

Throughout this decument the term groundnut is used tor clrachis ivpogea L.
except in proper names of organizations e.g.. Peanut CRSP or in widely recognized
names lor groundnut products c.g.. peanut butter,

In order 1o achieve uniformity in reporting all aflatoxin contents ave expressed in
micrograms per gram (g g or per Kilogram (ug kg,



Summaries of Presented Papers

Importance of Aflatoxins

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

R.V. Bhat

Assistant Director, Food and Diug toxicology Research Centre., National Institute of Nutrition, Indian
Council of Medical Rescarch, Famai Osmania PO, Hyderabad 500007, Andhra Pradesh, India.

Acute and chronic effects of allatoxi « in man are well documented. The reported
outhreaks ofaflatoxicosis inmnan were due to the consemption of staple foods such as
maize and not to the consumption of groundnut. Circumstantial evidence has impli-
cated groundnut mem containing atlatoxin as causing Indian childhood cirrhosis,
Dictary intake of arlatonin through groundnut has been wiphcated in the develop-
ment of fiver caricer in certain parts of the developing world, The incidence of liver
cancer assoctated with the ingestion ot aflatosin from eroundnuts isJow in developed
countries such as the USA,

Food consumption survess in Indiz hine indicated that the consumption of nuts,
(mostly groundnuts) varies from 2 1o 33 ¢ per consumption unit per person per day
depending on the region and season. Data from the Indian Multicentric Food Con-
tamination Monitoring Program have indicated that though aflatoxins could be
detected in 1367 of the groundnut samples they tested. the toxias exeeeded the official
permissible limit of 30 pg kg Uin only 2,677 of the samples. Studies carried out in
Thailand, the Philippines. and the USA have indicated that the dictary intake of
affatoxins from groundnut is lower than that from maize.

The aflatoxin regulatory actions taken by the European Fconomic Community
(EEC), Japan, and edher developed countries on importing groundnut and its deriva-
tives have resulted in safeguarding exportsvather than minimizing health hazards in
the developing countries.



Hazards to Livestock of Consuming Aflatoxin-contaminated
Groundnut Meal in Africa

J.D. Reed and O.B. Kasali

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

The outbreak of Turkey "X disease in England led to the discovery of aflatoxicosis,
caused by feeding groundnut meal contaminated by Aspergiflus (Envus to livestock.
The high content of attatoxins in groundnut meal in African countries has serious
implications fui livestock feeding. The risks depend on the level and type of aflatoxin
in the diet, the strain ot animal, and its nutritional status, Subclinical affatoxicosis is
characterized by reduced feed intake and poor productivity, but may not be associated
with overt clinical svmptoms. Chronic problems oceur when aflatoxing are present in
the dictatless than 1000 gg kg Pbut the lower limits for effects on productivity are not
certain,

The principal lesions of aflatoxicosis occur in the liver and may be classified as toxic
hepatitis, Natural cases usually result from repeated ingestion of the toxin, One of the
most constant responses to aflatoxin B s bile ductule hyperplasia at the periphery of
hepatic Tobules. Changes in hepatoeytes (vacuolization, fatty change) leading to
necrosis, are usually localized in one part of the hepatic lobule, depending on tne
species, Hepatie veno-occlusive lesions are also common.

The immunosuppresive effeet of atlatoxin, coupled with high exposure to discases
and poor nutrition, are detrimental to increased livestock production in Africa.

Aflatoxins and Trade in Groundnuts

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

G. Chandrashekhar

Seeretary, Indian Oil and Produce Exporters Association, 78-79 Bajaj Bhawan, Nariman Point, Bombay
400 021, India.

Although India is the largest producer of groundnuts, her share in the world edible
groundnut trade has declined sharply in the tast 10 years. A persistent deficit in
oilseeds production resulting in high groundnut prices in India compared to those
{fromother producing countries has made Indian groundnuts more expensive and less
attractive to world trade. Apprehensions of aflatoxin contamination of groundnuts
have done much less damage to the Indian groundnut trade than have vacillating



government policies. In India selection of edible groundnuts is still done manually
because erfthe high cost of mechanization and investment rish. Yet. Indian graders are
capable of supplying groundnuts of intermationally acee prable quabity. In the present
setting the impact of atlatonin icidence in groundnuts is at hest marginal for India.
Government support to ensure farger exports of edible groundnuts from India at
competitive prices is hound 1o bring greater awareness and motivation amongst
graders to prepare aflatonin-tree high gquahty groundnuts for the world market.

The Problem of Aflatoxin Contamination of Groundnut and
Groundnut Products as seen by the African Groundnut Couneil

B. Coulibaly

Deputy Director, Saientiticand Fechnological Department AGC. Atdcan Groundmie Council, Trade Fair
Complen, Badagry Fxpresswas K 13120 Boy 3023 Eacas Npena

In member states of the Alvican Groundnut Council (AGC) groundnuts are an
important traditonal and cconomie crop. For the past 25 vears., dee problem of
atlatoxn has contronted the croundnat industry and AGC. The ecenomic and com-
mercral problems worsen cach vear. Aflatoxin is a serious constraint to exports
particular v i groundnut cahe and meal destined for the traditions!  ostern European
markets. The nature of the aflatoxin problentis indisputable. buc o olution involves
matters of trade and politics as well as seientific rescarch.

On the basis of sclentitic information on Aspergillus Havas and other mycotoxin-
producing tuagi, and despite the controversies, the AGC Taunched an 2flatoxin
contiol programin 1975 Phases Land 1 have been completed vith tmancial aid from
the Buropean Feonomic Community (FFCY and the United Nations Development
Programme (UNDP) and with technical assistance from the Food and Agriculture
Organization of the United Nutions (FAO). The following results have been acheived:
(1) stalt have been trained to survey and monitor aflatoxin i ticlds and laboratories:
(2) laboratories for atlatoxin analvsis have been established and equipped; (3) control
meistres have been identificd: and (4) two pilot detoxification plants have been
constructed to supplement cultural control measures.

Fhe AGC monitors contacts with FEC representatives and exporters of groundnut
products on relevant legiskation and standards and their application.

A scientific solution is not sufficient in itsell. it ¢an only be implemented by the
combined efforts, goodwill, and initiatives of trade, industry, and politicians.



Aflatoxins in Groundnut: Monitoring and
Action at National Level

Aflatoxin Contamination of Stored Groundnuts in Zimbabwe

AH. Siwel and A.D. Caley

Research Otficer, Chirnstr, and Sod Research institute, Department of Rescareh and Special Serviees,
Ministry of Lands, Apocsiture and Rural Resettlement, PO Box 8100, Causeway, Harare, Zimbabwe, and
Research Manages, Gram Mo hetng doard (Zmmbabwe), PO Box a4 Causewas . Harare, Zimbabwe,

Aflatoxins were vnulyzed in groundnuts stored for either focal or export sales tn the
period 198283 1o 1986 87, FFour hundred and forty-one samples of seven groundnut
varicties were collected tor analysis. Sixtv-cight pereent of the samples had total
concentrations of aflatoxain B, and G ol up to 25 pe ky 1 In the 19856 87 groundnuat
crop, the Flamingo and Makulu Red varieties, which constitute the bulk of export
sales,had up to 25 we ke P atlatoxin Bpin 836 of the samples, plus atlatoxin G, in 614
of the samples. Overall, the Fgret variety was the most suseeptible to atlatoxin
contamination during this period.

Afatoxin and Aspergillus flavus Contamination
Problems of Groundnuts in Zambia

J. Kannaiyan, R.S. Sandhu, and A.L. Phiri

Grain Legume Pathologist, Fastern Provinee Agricultural Developent Project, and Groundnut Breeder,
FAO Government of Zambia, Department ol Agriculture, Rescarch Branch, Msekera Regional Rescarch
Station, PO Box 510089, Chipata. Zambia.and Senior [aboratory Technician, Fastern Cooperative Union
Limited. PO Box SIOLOS, Chipata, Zambia

In Zambia, groundnut kernels meant for export are roatinely monitored for aflatoxin
contantination. Since 1979.6.3 ¢ of the 28 410 samples analy zed had contamination
levels of more than 5 pg aflatoxin kg ' A 2-year study with promising varietics
revealed the variability of AL flavus seed infection. Seed reatment with 3enlate®or
Labilite® at 3 ¢ kg™' seed was found to control A, flavus in groundnut seed and can
improve erop stand.



Aflatoxin Contamination of Groundnuts: Control Strategies in Malawi

C.T. Kisyombe

Semor Groundonut Pathologint, Mty of Apscultuce and Natard Resources. Chitedsze Agricultural
Rescarch Station, PO Box 1S Dilonewe, Mabiwi,

In Malawi the rains start i October and finish in April so that long-duration
groundnut cultivars are harvested under dry conditions. These dry conditions favor
rapid posthirvest dryving ot eroundnut pods thus limiting the opportunity for seed
nvasion by Aspergsflus Hayus and AL parasiticus ard aflatoxin contamination. Afla-
toxi contamination of groundnuts is nota problen in the country. However, certain
practices used by smallholder farmers 1o process eroundnuts in readiness for sale
create conditions that v or the rapid development ot A flavas and A, parasiticus and
possible aflatoxin contamination of groundnuts. These practices include moistening
groundnut pods inorder to sotten the shell for case ol handshelling. The Agricultural
Developmentand Marketing Corporation (ADMARC) purchases shelled and graded
nuts tromesmattholder farmers, and electronically sorts and tests the nuts for aflatoxin
contamimation at the Liwonde Groundnut Factory, The process of handshelling and
handerading ot groundnuts by smaltholder tarmers. followed by re-prading, and
wdatonintesting of the nuts has carned Malawi g reputation as asouree of high-quality
groundnuts tor the confectionery trade, Rescarein needs to he done o incorporate
resistance to L favas and L parasiicos and atltoxin contamination in the already
established commercial cultivars, coupled with education for farmers on proper
handling methods for processing groundnuts prior o marketing.

Status and Management of Aflatoxin in Groundnuts in Nigeria

S K. Manzo and S.M. Misari

Head. Departmentof Crop Protection, and Leader, FLegumes and Oilseeds Research Programme, Institute
for Agricultural Researeh, Ahmadu Bello University, PAMB O, Samaru, Zaria, Nigeria,

A committee to coordinate action on the atlatoxin problem in Nigeria was constituted
1961 with representatives from four ministries, the Institute for Agricultural
Rescareh (FPARY, Zaria, the Nigerian Stored Products Research Institute (NSPR1D,
and the Norikern Nigena Marketing Board. This committee was charged with the
responsibility ol assessing the extent of the aflatoxin problem in groundnut in the
country and of mitiating and coordinating afl actions leading towards its climination.
FAR was to investigate the atlatosin contamination of the groundnut crop up to the
stage where the produce was sold by tarmers, while NSPR1Twas to look at the problem
from the time of storage until produce was exported or consumed. NSPRI, therefore,
routinely monitored groundnuts in storage pyramids to determine aflatoxin levels
before export. Meanwhile, TAR investigated the time of invasion of groundnut kerrels
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by Aspereillus flavas, and when, and under vhat conditions it produced aflatoxins,
An interplay of temperature, relative humidity, drought, and erratic rainfali situa-
tions,and maturity of the crop atlifting was fonnd to affect seed invasion by A flavus
and atlatexin contamination of groundnut in the fickd and store. In the wetter areas of
the Southern Guinea Savanina which have long rainy scasons, allatoxin contamina-
tion of groundnuts is mainly a postharvest problem: whereas in the major groundnut-
growing arcas that lic in the drier Northern Guinea and Sudan Savanna the problem is
more important preharvest. Inseet infastations and wetting of stored groundnuts
increase altatexin contamination,

Rescaveh inforivation from AR and NSPRI still prevides the basis for recommen-
dations on the handling of groundnut to minimize o0 prevent aflatoxin contamina-
tion, Vegetable oil and teed mll companies routinely submit their zroundnut and
other feed matertals for atlatoxin analysis as there is great awareness among the
companies, people, and governments of Nigeria of the dangers posed by aflatoxin to
poultry. livestock, and humans. Nigeria is o consignatory to the Afvican Groundnut
Council’s resolution to export only groundnuts whose aflatoxin content does not
exceed the maxinmum permissible limit of 200 pg ke fset by the Puropean Feonomic
Community (EFC). None of the commereiatiy grown groundnut cultivars in Nigeria is
resistant to AL flavas invasion and atlatoxin contamination of seeds. Breeding mate-
riads from both domestic and exotic sources are being screened for eesistance while
other improved management practices are being used or rescarched.

Groundnut Aflatoxin Problems in Tanzania

M.D. Raya

Crop Protection Specialist, Groundnut Improvement Programme, Tanzania Agricultural Research Orga-
nization (TARQO), TARO Nuliendele, PO Box 509, Muwara, Tanzania.

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 exclusively grown by small-scale farmers
mainly for local markets. Groundnut rescarch in Tanzania started at Nachingwea in
the late 1940s. Tn carly 1970 with assistance from the Overscas Development Adminis-
tration (ODA), UK. groundnut rescarch work was transferred to Naliendele, Mtwara
in southeast Tanzania, Apart from a little research at Sokoine University of Agricul-
ture, Morogoro, most of the research work on groundnut breeding. agronomy, and
crop protection is done at Naliendele.

carlier cfforts on crop protection were devoted to foliage discases and inseets.
Reeently 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 contrel measures,



Present Status and Perspectives of Aflatoxin Research in Mozambique

E.F. Bagnete, and M.J. Freire

Verermarian and Quality Control Anads <t Laborotorio Nacional Para a Higiene de Agua ¢ Alimentos
(LNHAA), Caiva Postal 204, Naputo, Mezambigue. and Assistant Professor. Universidude Edirardo
Mondliane, Faculdade de Apronomi s, Groundnut bnprovement Progect TDRC, Caixa Postal 257, Maputo,
Mozambique.

In Mozambique, there is o high correlation beiween the incidence of primary liver
cancer and the consumption of aflatoxin-cortaminated food. Some work has been
donce to assess and minimize the atlatoxin problem.

Institutions such as the fnstituto Nacional de Investiganao Veterinaria {IN1V) and
the Laborotorio Nacional Para a Higiene de Agun ¢ Alimentos (LNHAA} are
involved in the analysis of tosd products, (o5 both animals and humans. The main
technique used for determination and quantification of aflatoxins is thin taver chro-
matography (FLC) although nigh performance liyguid chromatography (HIFLC) iy
also available at the LNHAA.

In 19817 food products. comiprising a total of 313 samples were tested and it was
found that 16 samples were contaminated with aflatoxin By 10with B dwith G, and
Fwith G, Mowas townd that 27-100¢, of the proundnut, beer. rice. and mae samples
tested were contaminated, Phe atfatoxin contamination levels in the grounduut sam-
ples riniged from 3 1o 3500 pe ke Laflatoxin B,. being the main contaminant,

Ananalysis program is investigating the possible correlation between the consump-
tion of contaminated food wnd the possible presence of allatoxin My in human breast
nilk.

e possibility of lurther work involving the INTV, L.NHAA, and the Faculdade de
Agronomia. tiversidade Fduardo Mondlane, Groundnut Improvement Project is
being studied to include an agronomic component and to formulate recommendations
for small farmers and traders.

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

Xiao Daren

Research Assistant, Institute of On ¢ rops, Uhinese Academy of Agricultural Seiences (CAAS), Groundnut
Aflatoxin Contanimation Project on Oilseeds Lesearch, Baojian, Wuchang Wuhan, Hubei, People’s
Republic of China.

During 1973-77, 1690 samples of groundnut kernels and 1172 samples of groundnut
ol from 24 provinces of the People’s Republic of China were analyzed for contamina-
tion with allatoxin B,. The percentages of samples containing the toxin were 26.3 for
kernels and 47.3 for oil. Across the country as a whole the percentage of contaminated
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samples decreased with increase in latitude, being high in southern China, moderatein
the Yangtze valley, and fow in northern China. ‘The kev to prevention of aflatoxin
contamination was rapid drving of groundnuts to below 107 moisture content.

Aflatoxin Contamination in Groundnuts ai the Post-production Level
of Operation in the Philippines

R. Quitco, L. Bautista. and C. Bautista
Research Associate, Research Assistant, and Chemist. National Post Harvest Institute for Research and
Extension (NAP HIRE), ¢ o Central Luzon State University (CLSU), Munos, Nueva Eciju, the
Philippines.

The results of surveys in the Philippines have shown that the farm level aflatoxin
signilicantly increased from harvest to farm storage during the main cropping season.
At harvest, groundnuts contained. on average. 376 pg kgt aflatoxin, During wind-
rowing, allatoxin fevels inereased at the rate of 13 g ke ' per day. In farm storage
aflatoxin contaumination continued to crease at the rate of 1.4 pg keo! per day.
Allatoxin contamination was significantly higher during the main cropping season
than the second cropping scason.

At the traders’ level, groundnut samples tahen lTom vartous niddlemen containea
35.0 pe kg Vaflatoxin, On the other hand. samples taken from the wholesalers” newly
procured groundnuts contained 188 g kgt atlutoxin, Groundnats that had been in
the whaolesalers® warchouse for more than 3 months contained 275 pg kg ! aflaioxin,

At the processors” level, raw materials tor confectionery groundnurs (roasted and
fricd)y contained 7.73 pp atlatoxin ke ' greandnuts intended tor pearut butter con-
tained 17.13 pg kgt and rejected groundnuts had 120.0 pg kg .

Aflatoxin contamination could start during harvest. Afiatoxin content chimbed to a
significantly high level during trade and processing, ‘This continued increase was
attributed to insefficient drying of groundnuts after harvest,

Aflatoxin Contamination of Gioundnuts in Pakistan

LA, Rana

Principal Scientific Officer, National Agricultural Rescarch Centie, Food Technology Department, PO
National Institute of Health, National Park Road, Istamabad, Pakistan.

Groundaut samples {rom various parts of Pakistan were analyzed for aflatoxin
conter:y and no fresh samples contained the toxin, However, 6 -- 15% of the roasted
peanuts from areas other than Khuzdar were contaminated. The aflatoxin content of
the contaminated samples varied from 24 to 800 pg kg -'. All the tested samples of
roasted peanuts from Khuzdar were contaminated with aflatoxins.
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National Monitoring and Control Program on Mycotoxins in Brazil

M. Sabino

Head of Depattment, Quinuea Biologica, tnstituto Adolto butz, Ar. D Arnaldo 355, Caixa Postal 027,
Siao Pado, SP-CHPO216, Brasl

The west o1 Sio Paulo State is i region of high temperature and humidity and is the
principal groundnut-growing arca of Brazil. Survey results of groundnut samples
collected in the rainy season (313 samples) and dry season (83 samples) in that State
showed that on an average 48 - 7400 of the samples collected from the west and
northeast regions contamed S - 22 500 pg atlatoxin B, ks .

Thissurvey recontivmed the extentand level of oceurrence of aflatoxins in ground-
nutin Brazil and showed that a mycotoxin problem exists. Suggestions and recom-
mendations were made to the relevant authorities as a result of the survey.,

Removal of Aflatoxins

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

R.D. Coker

Principal Seientitic Otlicer, Mycotoxns Section, Overseas Development Natural Resources Institute
(ODNRID). 56-62 Gravs Inn Road. Tondon WCIN ST UL UK,

The controbef the occurrence of aflatoxin in groundnut products requires a combina-
tion of quality controland decontamination procedures. Recent work at e Overseas
Development Natural Resources Institute (ODNRI) has focussed upon the develop-
mentof efficientsampling sample preparation, aflatoxin assay, and chemical detoxi-
fication procedures.

The use of selected mathematical models to deseribe the distribution of allatoxin in
groundnut Kernels, roasted peanuts, peanut butter, and groundnut cake has been
mvestigated in order to facilitate the design of statisticaily sound sampling plans for
these commadities. A subsampling mill has been developed, in collaboration with a
UK company. which enables representative, comminuted subsamples to be rapidly
produced from large samples of groundnut kernels.

Mecthods have been eluborated for the accurate analysis of the aflatoxin content of
groundnut products utilizing bonded-phase cleanup procedures in combination with
high performance liguid chromatography (HPLC) and high performance thin-layer
chromatography (HPTL.C) quantification methods. The application of enzyme-
linked immunosorbent assay (FLISA) methods to the analysis of peanut butter has
also been extensively examined.



A procedure for the detoxification of groundnut cake using ammonia gas at high
temperatures and moderate pressures has been developed, and prefiminary roxicity
trials have been completed using ammoniated material generated by a 50-kg capacity
reaction vessel. A 1-Uh ! eapacity reaction vessel is under construction and trials will
begin in India in 1988,

Removal of Aflatoxin Contaminaiion from the Australian
Groundnut Crop

M. Read

Chief Chemist, The Peanut Marketing Board, Haly Street, PO Box 26, Kingaroy, Queensland 4610,
Ausrralia

The Australian groundnut crop is significantly affected by aflatoxin in some years
because of preharvest drought stress. By a process of selective segregation and sorting,
allatoxim-containing kernels are removed from contaminated lots to satisty a 15 ug
ke f(total) regulatory linit, This sorting is made possible by the characteristic discolor-
ation ot groundnut flesh caused by Aspergiius spp growth and the small pereentage of
aflatoxin-containing keroels, The variance contributions of sampling, sample prepa-
ration, and analysis are quoted. Even with very high standards of sampling and
analysis, uncertainty in atiatoxin control is significant.

Removal of Aflatoxin B, from Peanut Milk by
Flavobacterium aurantiacum

D.Y.Y. Hao, R.E. Brackett, and T.0.M. Nakayama

Graduate Student, Assistant Professor, and Professor, University of Georgia, and Program Director
Peanut Collaborative Rescarch Support Program (Feanut CRSP), University of Georeia, College of
Agriculture, Geergia Experiment Station, Grittin, GA 30212, USA,

The potential for using FHlavobacterium aurantiacum to remove aflatoxin B, from
peanut milk was evaluated. Preliminary experiments determined that this bacterium
grew in both nondefatted peanut milk (NDPM) and partially defatted peanut milk
(PDPM). In neither case was the growth inhibited by the presence of aflatoxin B,.
Other experiments were designed to assess the ability of 107 resting (stationary) cells of
F.aurantiacum to remove aflatoxin B, from phosphate buffer (PB), NDPM, and
PDPM. After 24 hat 30°C, I aurantiacum decreased aflatoxin B, by 404 in PB, 23¢;,
in NDPM, and 70% in PDPM. Proteolysis of PDPM before inoculation with
F. aurantiacum increased recovery of toxin by about 309 over nonproteolyzed
samples. This increase in recovery was not observed when NDPM samples were
proteolyzed, suggesting that some of the toxin may be bound to the groundnut protein
and not be available for removal by F. aurantiacum,
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Detoxification of Groundnut Seed and Products in India

T. Shantha

Svientst. Diseiphne of Mictobidogy and Sanitation. Central Food Fechnological Research Institute
(CETRD Mysore 370003 Karnataha, India

Fhe exposure of groundnut ol contaminated with aflatoxin B, to bright sunlight tora
given period of time completely destroys the toxin, The sadety and shelt life of the
sunhight-cxposed ol e been contirmed. Atlatosin is present in finely suspended
solids i the oiband most ol it can be removed by filtration or by extraction with 10
NaCLAhrovn-contammated groundnut kerneds (0.5-mm thick tikes) can be par-
tally detoxiticd it exposed tosunlight for 1400 To remove atlatosin lrom groundnut
cahe, SO aleohol acctone. metianol. or L caldeium chloride can be used. Treating
the protemn solate with vdrogen perovide, and groundnuts in the torm ol thin fakes
or powderwith urca and sovatiour with or without fog nialdehyde can aestroy 90 of
thew atlatoxin content,

Methods for Aflatoxin Analysis

Current Immunochemical Methods for Analysis of Aflatoxin in
Groundnuts and Groundnut Products

I'.S. Chu

Protessor of Food Tovicotom U mnerty of Woisconstn, Department of Food Micrabiology and Toxicol-
o TS Wallow Dives Madison, W ES3Ton 1oy

With the avatlabiliny of specitic monocional and polyelonal antibadies against myeo-
toNIns 1 recent vears, simples sensitive and specitic radio-immunoassays (REA) and
enzyvme-huked immunosorbent assavs (E LIS A) of myeotoxins have been developed.
Thesensitivities of REA werein the range of 0.1-0.3 nzand of FLISA 25225 pgassay .
Siple and guick immunoassay protocols (F1ISA) for monitoring affatoxin By in
groundnuts and groundnut products, that require less than 1 hto complete, have been
developed and suceesstuliv tested in aaturally contaminated groundnut samples at
levelsabout Sto 10 e gt In addition, antibodies against mycotonins have been used
as animmunohistochemical tool to monitor myestosins in tissues and for the prepara-
Sonotimmunoattiny columns that were then used. cither for sflatoxin determina-
tion i groundnuts, or as a cleanap tool for aflatoxin analysis. Details of recent
progress onthe production obantibodies, antivody speciticitv, and the advanteges and
disadvantages of different immunoassays. as well s problems associated with
immunochemical research on myeotoxins, with cmphasis on flatoxing are reviewed.,
Fmphasis is centered on the immunoassays of aflatoxin in groundnut products,
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Methods for the Analysis of Aflatoxins in Groundnut and Other
Agricultural Commodities

T. Goto and M. Manabe

Senior Research Otficer. and Head of Divsion of Apphod Mictobiology . Mycotonins Laboratory,
National Food Rescarch Institute, Mty of Apnculture, Forestiv, and Fisheties, 2-1-2 Kannondai,
Yatahe, Isububa, Iharako 305 Japan

Methods for aflatoxin analvsis using thin-laver chromatography (11 C) and fluores-
cence detectionwere deseloped in the 1960s and are still widely used. In the Late 1970,
several applications ot high performance liquid chromatography (HPEC) were dev-
clopedandas they were general’y more sensitive than the THC methods, they are now
popular tor allatoxin analyvsis when i high degree of accuraey is required. For some
test purposes convenience und rapidity ol analysis are more important than aceuracy,
and the bright greenish vellow thioreseence (BGY E) wnd minicolumn methods were
cvolved with this in mind. More recently, tadio-immunoassay (RTA) miethods haye
been apphed and recenthy several enzyme-linked immunosorbent assay (F1ISA)
systens hits for allatoxin analvsis heve been examined. and some of them found
suttahle tor the hind of testing now carried out using the BGY E and minicolumn
methods, Gas chromatography can also be used tor atlatoxin analysis under ccrtain
conditions. From the range of aflatoxin analysis methods new available it should be

possible to choose methods suitable for specitic purposes.

Enzyme-Linked Immunosorbent Assay (ELISA) for Aflatoxin B,
Estimation in Groundnuts

V. Anjaiah, V.K. Mchan, S. Jayanthi, and D.V.R. Reddy

Research Associate. Groundnut Pathologist, and Prncpad N iolopst | eenmes Program, FCRISAT,

The commerciatly available hapten, atla By-oxime-bovine serum albumin, was used to
produce i antiscruniin rabbits, Fhe same hapten was coapled with alkaline phospha-
tase thapten-BSA-ALP) and used i the competitive direet enzvme-linked immuno-
sarbentassay (ELISA) torthe detection of afbarosin B Aflatoxin B, was extracted in
methanol trom naturally contaminated or “spiked” groutdnnt seed samples.

Wells of o polystyrene microtitre plate were coated with the antiserum, the plates
werewashed in PBS-Tweens atlatoxin B, standards or geoundnut sample extracts, and
hapten-BSA-ALP conjugate were added and the plates incubated . The plates were
agam washed. and the amount of conjugate bound to the antibody was determined
alter addition of the substrate. p-nitrophenyiphosphate.

The hapten-BSA-ALP conjugate has advantages in stability, simplicity of prepara-
tion, and high specificity over the conventional toxin-cezvime conjugate in direct
competitive FLISA. The assay method is more rapid and less expensive than the
physico-chemical methods of atlatoxin analysis and it can detect levels of aflatoxin B,
as low as 50 picograms.



Aflatoxin Analytical Methods for Groundnuts

.M. Wilson

Professor, Departmeni of Plant Pathology, Eniveraity ol Georgra, Coastal Plain Fxperiment Station,
Pitton, GA HT9X S A

Aflatoxin determination in eroundnuts can be approached inoseveral ways. Ground-
nnts e often contaminated with atlatoxin By and B, and less often with aflatoxins B,.

Boand Gyoand Gosodtis important to have analvtical vadues that represent the total
alatoxin content Some countries wie only fierested in B, content and others are
mterested in the totad atlatosin content, 1Uis essential tosafely handle all experimental
materiads assocted with abiaton o analvses or the atlatexigenic fungi. Visual sereen-
me ol suspect vioundnut tots. based on the presence of conidial heads of the | Aspergil-
Tos v s group s notachemcad testand may allow aflitovin-contaminated lots into
commerce. Mimcolumn sereening technigues can be usetul but they should always be
tsed i conpunction with aoquantitative method. Several thin- laver chromatography
CEEC and neh performance iguid chromatography (HPT Oy methods are suitable

for qu;ml»!x\’;mun and e m eeneraluse. The newer immunochemical methods such is
the cnsvme-hnked immunosorbent assay (81 ISA) or altinity column methods are
bemg rapidhy develaped. THIS A mcthods are available for screening as well as
quantibicatton, but these metnads are temperature-sensitis e aad they should only be
e with proper controls. Phe attinity column method s less temperature-sensitive
and can be wsed tor enhier sereenmy or quantfication. The chemical and immuno-
chemical methods are rehable i care is tahen and personnel are well trained. All
analytical liboratories should stress satety and imclude suitable analyvtical validation

procedures

Research on Aflatoxin Contamination of
Groundnut: General

Aflatoxin Research in the Peanut CRSP: An Overview

T.0.3M. Nakayama

Professor. Uninverany of Geosper and Prorect Divector, Peanut Collaborative Rese: ch Support Progiam
(CRSEL Georgia Eypenmens Station. Gt G 3021201 SA

The global problem of atlatonin i being pursued by the Peanut Collaborative
Rescarch Support Progran (Peanut CRSP) through: (1) development of cultivars
resistant to invasion by aflatosan-producing tungi: (2) cultural practices 1o minimize
inseet damage which facilitates fungal invasion: (3) detoxification of contaminated
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nuts and their products: and (4) separation of contaminated nuts. The dimensions of
the problem appear to indicate that a substantial portion of the crop must be sorted
out to climinate aflatoxin. Progress in cach of these areas gives promise of the
climination of aflatoxin {rom food-grade gre undnuts.

Queensland Department of Priznary Industries’ Involvement
with Aflatoxin in Groundnuts in Anstralia and Indonesia

K.J. Middleton

Semtor Phint Pathologist, Queensland Desartment of Pranany Industries, . Bjelhe-Petersen Research
Station, PO Box 23 Kingarov Quecostand, 4610, Nustialu,

Rainted groundnut production in Queenshand. Australia is often severely affected by
allatoxin contamination. e Queensltand Depattment of Primary Industries (QDPI)
provides extension and rescarch services to groundniit producers. and has addressed
this problem in avariety of wavs sinee becoming aware of it

Extension activities have attempted to improve producers” understanding of the
causes o aflatoxin formation in croundnuts and of the management methods availa-
ble at the farm level and at the shelling plant.

Scientific support has been made avatiable 1o aasist the eronndnut industey estab-
hishits own quality-control Lacilities: help deting some of the local factors importantin
aflatoxin development: condniet an Australian site tor the International Groundnut
Asperillus flavas Nursery: and to collaborate with industry, the Commonwealth
Scientilic and Industriad Research Organization (CSIRO). and the Australian
National University (ANUY in aflatoxin rescarch activities.

Phe Australian Centre tor International Agricuitural Researeh (ACTAR)-funded
groundnut project in indonesia conducted in collaboration by scientists from QDPI
and the Agency for Agricultural Rescarch and Development (AAR D) may, in future,
consider the inclusion ol rescarch on production aspects of aflatoxin contamination.

Groundnut Aflatoxin Problems in Indonesia

M. Machmud

Plant Pathologist, Bogor Rescirch Institute tor Food Crops (BORTE). 1O Bos 3608 8O0, Talan Cimanggu,
AL Bogor 16111, Tndonesia

Aflatoxin research in Indonesia was initiated in 1969, Sinty to cighty percent of the
marketable groundnuts were contaminated with aflatoxin atievels from 40 to 4100 He
kg ! seeds: retail groundnuts being the most highly contarsinated.

Processing raw groundnut seeds into other products, such as peanut butter and
fermented groundnut press cake significantly reduced aflatoxin contamination. Clini-
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cal studies suggested a positive correlation between affatoxin ingestion and human
hepatic cancer.,

More researchiis needed on the role of preharvest fungal infection on postharvest
aflatoxin contamination, the control of storage contamination. and on fungi =
groundnut x environment inferastions favoring aflatoxin production,

Field Studies on Aspergillus flavus and Aflatoxins in
Australian Groundnuts

Ju1 Pigt

Sentor Principal Rescarch Saennst Commonweadth Seentitie and [ndustriad Research Organization
(CSTROY Divsion of Food Rescarch, b ood Rewearoh | ahoriton . PO Box 520 New South Wales 2113,
Austraha

Aflatoxins have been aserious problem in Austrabian groundnuts in the past decade.
With the aid of gevernment and industrial tunding, the Commonwealth Scientitic and
Industrial Rescareh Organization (CSTRO), Division of Food Rescarch has carried
out an ongaoing project for most ol this period. with emphasis on studies under
commercial Held conditions,

Rescarch has been primurily concerned with undersaanding the variables that
mtluence the invasion of groundnuts by Aspergillus thavusand A parasiticus, and the
subseguent production of aflatoxins. Factors studied incade: levels of A, ffavis in
soils,environmental Lrctors: farm management practices affecting A flavasinvasion:
and the intluence of drving and storage procedures on aflatoxin development,

Most proundnut soils in Kingaroy have been found to contain detectable levels of
A tavus: while surrounding virgin soils usually do not. Levels of A, flavus in
groundnutsoils vary widelv from ess than 107 ¢ o as high as 10 ¢ ' high levels are
much more hikely to lead to invasion. Some ficlds contained consistently high levels
overseveral vears, The 4 tlavas 3 parasiticus ratio also varies widely from farm to
farm. and may mthuence invasion and toxin production.

Investizinnons have shown that invasion of groundnuts by A flavas takes place
betore groundnuts are harvested. Tnvasion will not occur subsequently, neither will
allatoxin be produced. even under the least effective drying procedures. In all but
exceptionally dry seasons, dittle atlatoxin is produced while sroundnuts are in the
ground. re. most atlatoxin is produced postharvest. Under the most favorable
condions, groundnuts reguite 6 1o 10 days to dry in the field after harvest, a period
sutficiently long for aflatoxin to reach unaceeptable levels. Field drving cannot be
sutliciently rapid. even in dry scasons, to ensure aflatoxin-free nuts at intake to
shellers.,

The perceived importance of preharvest invasion as the necessary condition for the
production of unacceptable aflatoxin levels has led to attempts to predict allatoxin
levels at shelling intake from A, flavus levels at harvest. Success rates have been
encouraging but are not yet of practical utility.
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Aflatoxin Research at the Indian National Research Centre for
Groundnut

M.P. Ghewande, (. Nagaraj, and P.S. Reddy

Plant Pathologist, Biochemist. and Director, National Rescarch Centre Tfor Groundnut, Timbawadi PO,
Junagadh 362015, Guijarat. India

The potential of Asperziflus flay us isolates to produce wllatoning, and the toxicity of
theircalture flirates to germinating seeds and seedlings were studied. Tsolates NRR1.
3000 and V 3734 10 produced high leveis of aflatoxins in calture, Culture filtrates
from these Ssolates aind from NRCG AFA were most toxic to seeds ind seedlings.
Commercial cultivars, advanced breeding fines. and wild Azachis species were
screened for resistance to in vitro colonization of seeds by AL ffavas isolates, and to
affatoxin production. Genotvpes CGO 20 T4 CGC 708 230, derivatives of S230 « Pl
IX394F Latur 33« PEIITIOAE and the wild species AL cardenasiiand AL durancisis
were rasistant to seed colonization by A flnus, All genotvpes of groundnut and three
wild Arachis species supported high production of aflatoxins., but only trace levels
were produced in AL cardenasinand AL dirancisas

Atlatoxing were found (27-146 g ke 'y commeraal groundnat cake and in
deoiled cake. Moisture intake capacity, levels ol seed coat phenols, and protein
content of seeds were considered to intluence atlatoxn i contamination levels. Souaking
seeds invarious organic and inorganic substances was found toinfluenee the degree of
seed imvasion by AL flaves and of aflatosin production in in vitro inoculation tests,
Several detoxification methods were examined.

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

B. Singh, A.S. Khalid, B. Maghaul, B.O. Okezie, J.C. Anderson,
G.C. Wheelock, L Jones, and V. Caples

Protessorand Peanut CRSP Coordinator, Aubama A&M L niversity, Food Science Department, PO Box
274, Normal, AL 35762, US A

Based on analyses using the Velaseo and the Tropical Development Research Institute
(TDRD methods., none of the sarples collected from tarm houscholds in two regions
of Sudan, a rainfed arca (F1 Obeid), and an irrigated arca (Wad Medani) for the crop
year 1983 84. contained more than 15 pg ke ' of aftatonin. However, samples col-
lected from the markets in Khartoum and Wad Medani contained aflatoxin upto 945
pgke Vinraw groundnuts,up to 517 pg Kg limroasted peanuts, and upto 994 pg kp!
in groundnut paste . Groundnut paste prepared alter a carcful sorting and cleaning
had only 19 pg atlatoxin kg 1. Analyses of 145 samples in Jamaica and St. Vincent in
1984 indicated only cight sumples containing more than 20 g kgt of aflatoxins.,
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Roasted peanuts and peanut butter samples collected from markets in Jamaica and
Trinidad did not contain detectable amounts of aflatoxins. However, groundnut
products collected from St. Vineent had very high levels of aflatoxins varying from |
10 409 ug kg,

Aspergillus flavus Colonization and Aflatoxin Contamination of
Groundnut in Sudan

N.E. Ahmed, Y.M.E. Younis, and K.M. Malik

Pl Pathologist, Botany and Plant Pathology Scetion, Agricultural Rescarch Corporation, Gezira
Research Station, Wad Medant, Sudan, | ecturer, and M.Se. Stadent, Department of Applied Chemistry
and Chenneal Technology, Faculty of Science and Technolopy, 1 niversity of Gezira, Sudan,

The eftects of irrigation regimes and date of harvesting on preharvest infection by
Aspergillus flavus and aflatoxin contamination of seed of Tour commereial and two
other groundnut cultivars were studied. Groundnuts watered at -, 2- and 3-week
mtrvals and harvested at the normal time, and at T week before and | week atter this
time were free irom VL aves colonization and aflatoxin contamination, Aspereilius
Havas colonized alow percentage (2.7-707) of groundnuts left in the soil Tor 6 weeks
after harvest, However, no aflatoxin contamination was detected. Will diseases and
inscetdamage, mainly by white grubs and termites, predisposed seeds to preharvest A,
{Lavasinfection (56.4-69.80 ) and aliatoxin contamination {(I18-21 pg hg1). Ground-
nuts stored for 3 monthy ina well-ventiluted room with an average temperature of
I5-Chwere colonized at i low level but with no aflatoxin contamination. Infection
mcreased with fime in storage. Groundauts harvested T week before maturity were
mostatfected by A flavus infection of seeds in storage, but there were no differences
between genotypes Groundnuts stacked in sacks at shelling sites were sampled, 44
were contaminated, withvan average atlatoxin content of 1 g kg 1. Those sampled at
oil milbsites were 130 contaminated with an average aflatoxin content of 20 ug ket
Groundnuts leftin the soil for 2-5 weeks after harvestin trials on the Gezira and Rahad
irrigation schemes had 1260 of samples contaminated, with an average aflatoxin
content of 10 gy hp~'. This produce is usually allocated for local processing.
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Traditional Groundnut Storage and Aflatoxin Problems in
Cate d’lvoire: Ecological Approaches

A. Poilet, C. Declert, W. Wiegandt, J. Harkema, and Els de Lisdonk

Entomologist and Phytopatholopist, Tnstitut trangs de recherchie saenttique pour e déveluppement en
cooperation CORS TOM Centre d Adiopodowme, 213, Rue Pupivesto, 75480, Pans, France, Chemical
Enpincer. Deatsche Geseliseivatt tar Fechnische Zesammenarbeit (G 1Z) L aboratonre centrale de nutrition
arale t] ACENAP BP 353 Nbodin, Cote d'vonreimd Food Technology Stadents, Departimeat ot Food
Technology . Agncnltural Unversitc s Wapenimgen, The Netherlands

Groundnut storage problems were studied i Cote dMIvoire during two successive
storage periods (T98S 1980 and 1986 TIRT) and trom three ditforent aspects: insect
pests: mold damage: and contamiation with allatosine.

Samples were taken periodically from traditional producers” ticlds throughout the
groundnut-growing arcas ol the survey and from town and village markets.

Generally Jdocaliy stored samiples were alittle less infested than samples taken fom
markets. With few exeeptions, all the locatly campled niazerial was conraminated with
measurable fevels of atlatoxing Over the 2-vewr survey period. 7900 of the 434 local
stocks examined excecded the toxieity tevel threshold of 230 pp by ' owith 4407 above
HO00 g kg Vo Towas abso vound that 7300 of these samples were above the Furopean
Eeonomic Conmmuniin ¢ EC) satety level of 10 pp ke &

Significant correlations were found between aflatoxin contamination and ditferent
storage and metercologival vartables. Phese included physical characteristios and age
of the pods, und the intluence of the prevailing atmospheric conditions.

Engineering Aspects of Aflatoxin Research in Groundnuts:
Evolution of an Environmental Control Plot Facility

P.D. Blankenship, T.H. Sunders, J.W. Dorner, R.J. Cole, and B.W. Mitchell
Agriculwral Fagineer. Piant Physiolorit, Mycotonicelogist, and 1 abortory Director, United States
Diepartment of Agricuitiore, Aprcultuial Research Seivice tUSDAL ARS), National Peanut Research
Eaboratory O Forrester Do Dawson, GA U720 USAL aud Agricultural Fagineer, USDAL ARS,
Southeast Poultyy Rescarch Faboratorv, Athens, GA 37300 USAL

In 980, an environmental control plot facility was designed and built at the United
States Department of Agriculture (USDA), Agricultural Rescarch Service (ARS),
National Peanut Rescareh Laboratory to study the preharvest invasion ol groundnuts
by Aspergillus tlavus and subsequent atfutoxin preduction Requirements for the
planned research included the ability to induce drought and to manipulate soil
temperature. nitiallv. the facility consisied o six 12.2-m long * 5.5-m wide x 1.8-m
deep, isolated plots with clectric-motar-powered rools for rainfall exclusion as
required. Geocarposphere temperature manipulation was accomplished with ther-
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mostatically controlled. cicetrically heated cables: and cooling coils supplied with
chiled woter, Favironmental dataowere collected using o microprocessar-hased |, dig-
ital dati aequisition - ostem that recorded conditions every 2 b during Caperin ents.
Phe tactliny was recen oanded to mvestigate the potential of the separsie ro es of
plant stress and pad stress inabbatoxin contamination using two ancil! vy plots in
which pod wnd rootlocations inthe soilare separated and independenthv centrolled . A
microcomputer-based temperatee control alarme svstem: has been designed and
nstalled torephice manual controls tor sail temperature manipulation. The actional
performance of the tacthite has o date been adequate to provide a wide variety of
required envirenmental conditions for research,

Environmental Conditions Required to Induce Preharvest Aflatoxin
Contaminmation of Groundnuts: Summary of Seven Years® Research

R.) Cole, FoBL Sunders, 1A, Dorner,and .. Blankenship

Rescarch Microbiatoe tand U ioraion Dyrector, Pt Pheciolored Maycctosacctoe e and Avereultural
Fripmees Umred Stancs Depariment o Aviottnre Netrcaitesan Beecnch S et SDA ARSE Natwonal
Peanat Rescarc b evoarors FbE B orieater D, Faw ooy G0 20000 1oy s

Fnvironmental condiions necessary for preham estatbitos i contanimation of visthly
sound groundnutsy e reviewed on the basis of studies conducted at awson, Creorgis,
USA durig P eonccnine crop veans uste sov ey ironmentadly cantrolied plots. The
role ol temperatuie an ot o prebarnvest alltosn contamination of ground-
nuts was estishished Preventive measures, melindimg the use of so-catled resistant’
varietes, calcinm misitien, and arigotion. were evaluated usinge cavironnmentally
coittroficd plots. The studies showed that groundnnts do ot become contaminated
with athtosims inthe absence of severe and proloneed drought stress in spite of
vasion fevels of up to X040 by the atlatosin-preducing fangt, Aspereillus tivus and
A parastticus. Aol Trgers more matare groundaut kernels reguire considerably
more drought stress to become contaminated than do sialler, more immature kernels.
Phytoalexin-based resistance can readily explain the broader-based  resistance
observed in the farger. more mature kernels, Studies during 1983 supported the
hypothesis that preharvest contaaination with aflatoxin originates manly from the
sotl and not from the air via floral invasion.
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Research on Aflatoxin Contamination
of Groundnui: Genetic Resistance

Screening Groundnut Cultivirs for Resistance to Aspergillus flavus,
Aspergillus parasiticus, and Aflatoxin Contamination

R.I Pettit, FLLAL Azaizeh, R.AL Taber, J.B. Szerszen, and 0.1, Smith

Associate Professor, Research Assstant, Research Scicnnstoand Rescarch Associate. Departzisnt of Prant
Pathology wnd Microbiolopy. and Protessor, Department of Soil and Crop Sciences. Teanas A& M
trniversity, College Station, TN 7783021482 1S\

Screening groundnut cultivars for allatoxin resistance involves a consideration of tle
cnvironmental conditions that Gvor activity by the Aspergillos tavus group of fungi.
The plant tissues penctrated. time of penetration, and the physical and biochemical
factors that westrict imvasion and atlutoxin formation also require consideration.
Aspergillus-invaded cotviedonary leaves may be o primary source of inoculum.

Developing shedls of all cultivars examined were casily invaded: but penetration
through the shellinto the pod cavity varied with cultivar, Pods that formed lignified
selerenchyma bands carly in their development were less suseeptible to hyphal pene-
tration than those without such bands. Kernelinvasion is influenced by features of the
hilum and seed coat. Small, covered hila, and compact seed coats with 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 cotvledons slow fungal
growth or inhibit aflatoxin formation. Tannin-like compounds (umbelliferone and
mcethyl catecholy found in some groundnut seed coats were found 1o inhibit A, flavas
growth and atlatoxin formation. Electrophoretic separation under sodium dodeeyl
sulfate denataration has revealed the presence of 20 polypeptides that vary among
cultivars differing in suseeptibility to AL flavus. Isolation of various plant constituents
todetect the presence of specific proteins, tannin-like compounds, lignins, phytealex-
ins, and other compounds may correlate with fevels of resistance and should be helpful
in screening cultivars.

Resistance of Groundnut Varieties to Aspergillus flavus in Senegal

I*. Waliyar, and A. Bockelée-Morvan
Assistant Princy ad Groundnut Pathologist, Legumes Program, ICRISA'T, and Director, Annual Oil Crops

Division. Institut de recherches pour les huiles et oléagineux (IR HO), Centre de coopération internationale
en recherche agronomigue pour le développement (CIRAD), L square Pétrarque, 75116 Paris. France.

In four rainy scasons (1977-1980) some 40 groundnut genotypes were screened for
ficld resistance to seed invasion by the aflatoxigenic fungus, Aspergillus flavusin trials
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at Bambey and Darou rescarch stations in Senegal. Significant varictal differences
were observed at harvestin respeet of levels of naturally oceurring seed infestation by
Acdlinvas Field resistances were positively correlated with previousy measured resist-
ance Lo innvitio seed colonization by 4 (favas in faboratory inocilation tests,

Phe commercially grown variety S3-437 had high levels of resistance to -4 s in
boh field and Laboratory sereening, while two other vt ties (7330 and 73-33) ubso
grown in Senegal had moderate fevels of resistancee.

In associated fovestigations it was found that zenotypes with seed resistanee to
A tavas had aclower proportion ot AL lvus in their rhizosphere mycoflorae than
had genotypes suseeptible to seed invasion by this fungus. Varicties. through their
ctiects onrhizosphere mycotlorae may infloence the composition ol the soil mycoflora
ol groundnu ficlds.

Occurrence of Aflatoxins and Aflatoxin-producing Strains of
Aspergillus {Livas in Groundnut Cultivars in Egypt

Kh. Naguib, M.M. Naguib, ML Daib, AF, Sahab. and 1. Amra

Food and Dary Technical Taboraron . Mycotovins Daboratory, and Plant Protection Laboratory,

National Research Centee, Dokbr Cano, | vt

The use of groundnut cultivars resistant to seed invasion and colonization by Aspergil-
Tus flavus s a possible means of preventing or reducing contamination by afiatoxin.
Fwenty-one groundnut cultivars obrained from the International ¢ rops Research
[nstitute for the Semi-Arid ropios 1CRISA Y. Patancheru, Andhra Pradesh, India,
and one coltivar (Giza 4) trom Faypt included as a locai susceptible control, were
tested for their abihity to support aflatoxin production. All the cultivars supported
production of atlatoxins B, and B, although the amounts produced ditfered between
cultivars, the lowest level of total aflatexin production being 19180 pg kg ! seed in
cultivar Ah 7223 and the highest 44290 pg kg ' seed in cultivar Giza 4,

The ICRISAT Approach to Research on the Groundnut
Aflatoxin Problem

D. McDonald

Principal Groundnut Pathologist. Legumes Program. ICRISAT.

Research ina number of countries in the 1960s and carly 1970s provided an excellent
understanding of the effects of cultural practices, produce handling, and storage
conditions on aflatoxin contamination in groundnuts and groundnut products. But
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the recommendations for management ol the problem evolved from the carly
research, while readily adopted by progressive Tarmers in countries witih advanced
agriculture, were not being taken up by the majority ol smaii-scale groundnut farmers
in developin wountrics. This influenced the decision of groundnut scientists at the
International Crops Rescarch Institute for the Semi-Arid Tropies (ICRISAT) to
concentrate on identification and utilization of genetie resistance to seed invasion by
Aspergillus flavus and to production of afiatoxins.

Screening Groundnuts for Resistance to Seed Invasion by
Aspergiilus flavus and to Aflatoxin Production

V.K. Mehan

Groundnut Pathologist, Legumes Progran, ITCRISAT,

Research in several countries into evaluation of responses of groundnuts to seed
colonization and infection by Aspereillus tlavus and ror atlatexin production is
reviewed. and progress made in this ficld at the International Crops Research Institute
for the Semi-And Tropies (ICRISAT) is summarized. Several laboratory and ficld
sereening procedures have been developed to sereen groundnuats for resistanee to
Al tlvas infection and or aflatoxin production. Rescarch on the effects of environ-
mental factors on pod and seed invasion by A flavas has produced information useful
in the development of field sereening methods, Forinstance, imposed drought stress
has been used to improve large-scale field screening ol gronndnut genotypes for
resistance to preharvest infection of sceds by AL favas, Several genotypes were found
recistant to infection, and some of thei were also resistant to in vitro sced colonization
by A. flavusin laboratory inoculation tests, Two genotypes supported only very low
levels ol aflatoxin By production when seeds were colonized by an aftatoxin-producing
strain of A, flavus.

Screening Groundnuts for Seed Resistance to Aspergillus flavus:
Statistical Approaches to Data Evaluation

M. Singh , V.K. Mehan , and D. McDonald

Statistician, Groundnut Pathoiogist, and Principal Groundnut Patholorist, ICRISAT,

Environmental factors influence the degree of groundnut seed infection by Aspergilfus
flavus and other fungi. This complicates resistance sereening over scasons and loca-
tions as levels of infection can vary considerably within a genotyvpe. Statistical
methods were used to separate genotypes into different resistance/ susceptibility cate-



gories and to ensure a stable basis for comparisons of control cultivar and test
genotypes across environments. An approach was also adopted for compiring the
degree and distribution of resistance in spanish and valencia type groundnuts. The
establishment of such procedures would facilitate interpretation ol screening data
from different environments.

Aspergillus flavus Resistance Breeding in Groundnut:
Progress made at ICRISAT Center

M.L Vasudeva Rao, S.N. Nigam. V.K. Mehan, and D.McDonald

Groundnut Breeder, Prncipad Groundnut Breeder, Groundnut Pathotogist, and Principal Groundnut
Pathologist, Lepumes Program, TCRISA

Progress worldwide in breeding groundnuts resistont to seed colonization by Aspergrl-
lus tlaves and affatoxin contamination is summarized, and research at ICRISAT
deseribed. Resistance to AL flavas infection may oceur at various levels, but efforts to
breed for resistance have concentrated on the utilization of the resistance in the testae
of mature seeds. At the International Crops Rescarch Tnstitute for the Semi-Arid
Tropies (TCRISAT). genotypes identified as resistant to in vitro seed colonization by
Ao tlavas have been crossed with susceptible cultivars of good agronomic character,
and several breeding lines with stable resistance to secd colonization and with aceept-
able yield and quality have been produced. The genetics of inheritance of testa
resistance is discussed. 1t is important that when breeding far resistance to A, flevus
and aflatoxin production, breeders incorporate other resistance traits.

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

R. Jambunathan, V.K. Mchan, and Santosh Gurtu

Principal Biochemist, Groundnut Pathologist, and Senior Reacarch Associate, ICRISAT,

Thirteen groandnut genotypes, eight resistant and five susceptible to in vitro seed
colonization by Aspergillus tlavus were grown in replicated trials at three locations in
Andhra Pradesh, India. Sced coats of these genotypes were analyzed for polyphenols
using different methods. Nosignificant correlation was observed between seed coloniz-
ation and polyphenol content, which corroborates carlier observations on many
genotypes using a single niethaod for polyphenol estimation.
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The Geocarposphere Mycoflora and Resistance of Groundnut to
Aspergillus flavus

S, Nahdi

Post-Doctoral Feliow, Legumes Proziam, ICRISAT.
Presentaddress: Council of Seieniific and induostrial Rescarch (CSIR), Food and Drug Loxicology Centre,
National Tastitute of Nutrition, Tndian Council of Medreal Research, Lamai Osmanta PO, Hyderabad
500 007, India.

Four groundnut genotypes. two resistant and two susceptible to in vitro seed coloniza-
tion by Aspergiius Havus (INSCAF). were grown in field triads at ICRISAT Centerin
the 1984 and 1985 rainy scasons. Geocarposphere myeotlorae were examined and
significant quantitative and qualitative ditferences were observed between genotypes.
Popualations of A flvas were higher in the geocarpospheres of the IVSCAF-
susceptible genotypes thai in those of the IVSCAF-resistant genoty pes.

Genotypes were also evalnated at the time of harvest for fevels of seed infection by
A Havas, The IVSCAF-suseeptible genotvpes had higher levels of infection in seed
from nondamaged mature pods than had sced from IVSCAF-resistant genotypes.

Ina preenhouse experiment. exudates were colleeted from pods of the four geno-
tvpes. Exudates from the two IVSCAT-resistant genotypes inhibited in vitro permin-
ation ol A flavusspores toa greate fegree than did exudates from pods of IVSCAE-
susceptible genotypes.

The Semi-Arid Tropical Crops Information Service (SATCRIS) and
the Aflatoxin Database

I..J. Haravu

Manager, Library and Documentation Services, ICRISAT,
A description of the SATCRIS Projectat ICRISAT Center, the characteristics of the

SATCRIS database, and its information retrieval and dissemination services for
groundnut. and the specialized database on aflatoxin.
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Group Discussion Reports

Group I: Evaluation and Monitoring of Aflatoxin
Contamination of Groundnuts and Groundnut Produects

Participants

Namie Institution Country
. NMeDonald (Chanman) TCRIS A India

P Subralimanmvam (Cocharman) TCRISA ] India
AL Bockelée-Monvan IRHO France
B. Coulihaly AGU Nigeria
R.D. Coker ODNRI UK

S, Nuhdi TCRISAT NIN India
JoKannivan Msehera RRS Cambia
C. 1 Kisvombe Chitedse ARS Malawi
AL Polle ORSTONM France
R, Quitco NAP HIR] The Philippines
P.S) Reddy NRCG i
M. Subino lustitato Adolto T uty Brazil
B. Singh Peanut CRSP U'SA

Fhe group was concerned largely with the country approas ' o the atlitosin
problem e groundnut. Parcticipants agreed that there was a detimte need momany
countries toalert producers provessorsand consumers ol ground nuts and groundaut
products of the hazaids to dnestock s and the hikely hazands to humans tronn igesting
atfatonm-contannated vroundnuts and groundnut products,

Groundnuots are rarely consumed as an ndepeadent iiem i haman diets o in
animal teeds and wwas teli thatcgnculturists and others concerned with such erops
as misize, sorgham, and cotton snould tirhe some responstbility tor publicizing the
harmtal eliects of athatosm-contamimated toeds and feeds.

Howas recommended that groundnac-producing countries set up working groups
COMprismy representitnes ol

Agricultural rescarch and extension msttutions
Veterinary and anmmal production istisutes
Medical rescareh and public health institates
Marketing organizations

Producery” associations

Processors’ iassociations

Economists, ete.
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Such a group conld endeavor to establish a coordimated approach to the allatonin
problem.mtorm policy makenscand send representatives o resional o e national
mectngs on relevant topies

Pho cronp el that cach country <hould dovelon g sastemto evaluate amd contina-
oty momtor the athatos s probicnnat all fevels meludime esport-onented and tocal
CONSUINPUON ~euimicnls.

Well-proven and statstieaiiy acceptable standandized sanphn and adhtos assn
methods should be selected onhe asis ofaaniable iashnofors nd persomcland the
\’L'}.'lk'k' ol dediinaes lL'\|HHHf Some boratones set p !'h‘tl\‘H']U}‘lH}' COUTTe s gl
the past 23 vears have bonted taciimes and are on v able tocary out specinie methods,
Fhe need to nuontoe these ieboratonios aperade thien facinte aond taon then statbn
new technrguess was recovneed  These faboratonies e ot o the aniy Laerhines
avarlable i a counny and they should e be diecanded as obsoicte ot vable
replacements e available

Pracmme e samphing methods and noatiatosn analvas g cntieal requirement,
Regiona! tranmny comses were advovated 1o taohiate this uperadiay

Towas agreed that te mostetivctine was to v and contanmnation of produce wasto

prevent mtection of the sroundnuts cind then prodictss by Lo i thav e at all
sEages i prod HCHan, Stonaee, el Provessd e
Towas recommanded that cnipiisas He oive i to deveomie o elfecns cdet ol e -
: t

feondants for village

Hon systems tor o reecale sndust o puds, and (wnai
level operanion. tocover bath cabe and ol prodicton

MWhnte o was ceeed it o were teasana bl prospects ol presention o removal
of atlitosm contannaion Doy srovndnis prodaced ToresporCimarkets there was
Il opomnsay as to thie b ehtood O e diate iapros cmeints i the tportant locas
CORSUMPLOn segietil

Powaes nored thatseverad speak o dunme the Worishop bad foebiheliied the daneer
of contemmated s seprerated trons cxpoit produce beme divented e the foeal
market Te e therenore wdvocated that those concerned with segresation should
ensure that hehls tossc matenaddoes noteet back ieto the lood clinn W here taetlities
exisbo ol ey be extiacied rom such matenad and detosatied, but the cabe wonld
prosunibly onle be st bic tor use as oreame tertliza

Phe sctnitios of such oreanizations s Peanut CRSP and ODNRT ncarnvng out
studies ot Jocal svsienis af processine cronndmits far o cotimplion were
commended. Ndvice on mcthods tor such studies would enable ~OCEO=CCunomiIsns and
home ceononnsts modeveloping countries to ke recommendations to Processors
aud consumers bised onehable and comprehensive data

Fre adea of o herature database was weiconed by the group. The proposal o
produce mtormaten bulletns o handbooks onatltonm managenment in roundnuts
and groundaut products was strongty supported,

he need tohave mectings onvaregulan hasis to ensure iformation exchange and
cooperaton i esedareh avas ospressed. Phis may be provaded by holding spectal
meetings as satellites to mternatonal and regional workshops as was done when a
mycotoxm meeting wis held i conjunction with the Internationat Plant Pathology
Congress in Auastridia,
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Group H: Analytical Methods for Aflatoxins
in Groundnuts and Groundnut Products

Participants

Name Institution Country
S .Chu (Chaarman) University of Wisconsin USA
DV R Reddy (Cocharman, TORTS A NTOIN
RO Cole USDA ARS USA
Ntao Daren CAAS Chinag
FoGoto NIRI Japan

S Moods RSBS Austrilia
JD Reed HCA Ethiopia
LA Rana NARC Pakistan
AH. Siwek CSRI Zimbabwe
M. Somabhi FORYE Fhatland
R Jambunathan TCRISA T [ndia

Vo Anguah TORISA india

S, Javanthy TORISAT Indha

Phe prociconsidered that sample size and sampling techniaues should be appro-
prite tothe ebjectives of the study. Forsanveillinee studies, and where cultivars are to
be sereened for resistiace, ete. dare samples are recommended. For purposes of
quality conted and regulation, olficin standardized sampling methods should be
followed. such as the Overseas Development Natoral Resources Institute (ODNRT)
Gadequate up 1o 30 gk evelyand the USA sampling methods (prefered at the 20 ug
he Ulevely Subsamplimg procedures and sample teatment are also important, Care
should be tuhen to avord recontamination atter sampling by storing samples under
cool and div conditions,

Phough severalspeakersand participants telt thatwhile i LIS A s a powerful tool to
screen o atlatonm e proundnuts, such well-established methrods as the minicolumn
should not be discarded. Towas gencrally feh that FLISA could be adopted only after
turther collaborannve studyand aceeprance by the Assockition ol Analvtical Chemists
(AOAC) Howevers athers were of the opimon that rapid FLISA was a better
approach than, tor mstance, the vapid FEISA (Quick-card) test.

ewas noted that while atlatosm standards are commerciadlv avatlable, the purity
of the materiads should be checked by the thin Taver chromatography (179 C) method
and aliatoxin concentrations determined spectrophotometrically, It was stuggpested
that atlatonm standards be made avadable through “lntermananal™ efforts. Ground-
autsamples contaning specitied amounts of atlatoxin Gvailable from the Furopean
Economic Community. FEC) could be used as i control to cheek cach liboratory’s
analytical capability and pertormance. Participation in the international myeotoxin

3D


http:L4ldllll.l4
http:1HIOJ.ts

cheeh swmple progiame organized by the Internatronal Agency for Research against
Cancer. Pyong France was mentioned a o pomt ol interaction, Tewas ieccommended
that regrenad and natronal cheek saupie programmes be organized.

Fhe groupagreed thatonhy those methods which had been ~abjected toa collebori-
tve stidy and have been adopted by i sponsoring ageney such as the AO NC of the
FEC should be tollosed for quadins control and reguloons measurement, Fog
rescarch panpos oater methods whieh e been shown to be compoiable with the
ofhiciad methods could also be used.

Fhe group aereed that THIS N v o simiples sensstve . aond specitic method Jor
mycotoxin analvsisswitle the potentied bor ase v grantitriye analvsis of atlitosn in
groundnuts and asaoscreen testar flower detection bonnts of Sto 10 e ke Tecould be
atutomated tor sereenmg a farge number of saples. The high cost of commercialiy
avadable RIS A Ris aswellas the avalabihng and stabiliny of reagents man limit s
asean developing countires . Phough stadies ave shown that results obtioned Trom
FEISA Gae comparaile to THC and ligh performancee hgud chromatogaphy
CHIPEC) methods. more comparatine studies are necded. Curenthy . collaborative
studios on two FEIS Y iethods 1o sereen atliosin e aericubiural commaoditios
mcluding proundnus are underway . Heood tesudts e obGianed these iwo methods
aredthely to beadopted tor use by the XONC Toshould be pomted ont that collahora-
thve studies on FHIS Y only evadaate FUIS A protocols and serve to establisn a set of
standieds tor FUISAL The ethicienes of cach commercially available hitwill Liave to be
tested by the users: The group recommended that the tollowing eriteria be established
for the evaluation of protocols i the collaborative studies:

Lostiandard range and Timits of detection (sensitivity )

2o lexabiliny of using ditferent extraction solvents:

Iohimits tor signad noise ratio;

4ospeciticiny (erosserelativity):

5. reproducibility 1OV and

0. avoidance ol interterence ol sample matris.

Phe group strongly recommended that regional training workshops on analyvtical
methodology be established. Such workshops should include both lectures and labor-
atory demonstrations on general analytical methodology as well as ELISA methods
for mycotoxins. Trinnees with relevant background and experience would be drawn
from devetoping countries. [t was recommended that an ad hoe committee be estab-
lished for this purpose,
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Group III: Research on On-farm Control of
Aflatoxin Contamination

Participants

Name

Institution

Country

K0 Mid teton (Chairman)

QDI

Austritia

RoC Nagesvaara Rao (Cochairman)  ICRISA India

M. Arora University College, Tondon UK

V. Ramanatha Rao ICRISAT India
M. Freire UEM JCRISATY Mozambique
J1 Pin CUSIRO Australia
M. Vasadeva Rio ICRISAT India
FoWalivar ICRISAY India

S N Nigam TCRISAT India
P.D. Blankenship LSDA-ARS USA
R Cole USDA-ARS LSA
VoK. Mcehan ICRISAT India
R.S. Siandhu FAQ Zambi
K.K. Shrestha Diepartment of Agricuiture Nepal
R.I5. Pettit Pexas A & A University USA
M.D. Rava Diepartment ol Agriculture Fanzania
JoH Williams ICRISAT India

Lhe proap considered the on-tarm control of atlatoxin contunination ol groundnut
under iwo main headings: firstly the development of packages of practices relevant for
sitall farmers™ use i the SA T and secondly the identification of important deficien-
cies in the understandimg ot the factors that determine whether or not a groundnut is
imvaded by the toxigenic tungr with subsequent contamination with aflatoxin.

Fhe group felt that there was already considerable information and advice asailable
as to how the small tarmers of the SA T could avoid, or atleust greathyreduce, the risk
of their groundnuts betg contunimated with allatosins, The proalem was considered
to be fack of awareness on the pirt of tarmers of the need to Tollow the recommended
pracuces tor control of fuagol infection ol seeds both betore harvest and during
postharvest curing and drving. Several countries have provided excellent aflatoxin
controt recommendations through their extension agencies and their example should
be followed by others. Factors that should be stressed in preparing recommended
practices include: the importance of late-season drought, because pods on plants hat
gointo permanent wilt within the fist 2-3 weeks of the crop maturationare verny likely
tocontain allitoxins: the role of soil inseets in predisposing pods and seeds to invasion
by the toxigenic fungi: the possible role of caleium deficiency in relation to fungal
infection of pods: the importance of timely hfting of the crop to reduce the proportions
of overmature and excessively immature pods in the harvested produce; avoidance of
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dgamage to puds during threshing picking, and drving: and the importance of provid-
ing dryv, well-ventilated, on-tarm storage. Prospects of village level oron-tarm detosi-
lication ol groundnut oil were also considered. the use of clavs, sunhght, cic. being
stggested. Inpurs arve required Trom health nutntion.and Bome cecononies spectlists
i addition teagnieultural extension stathd hazards ol atlatosm contammation e (o
be reduoeed at die v and village foveds, The need for taning of such <t to beter
prepare them tor the estenston ot athitosin control procedures wias e pressed. and the
production ot anantormation bulletn or handbook oncontrol ot whato s im ground-
nuts wis reconnmended.

Gaps e eur Anowledee of how the tovteene © favos and L parasic s invade
groundnm podsand seeds and ol envionmmentad fectors mtuencing tis process, were
constdered. Te s unpormt 1o stidy the suvivad of ihe two Tungi i the soil ol
groundnut ticlds and discover how ol tvoe crapping systems, and temperature and
monture conditons affect nmasion: Proatvtion of selecoti may be important Seed
rinsmission ol Lo fay ccmay be mvolved mebeddding up he inocalum of the tungus in
groundout sotls e has been suggested that groundumts Toand to contaim moderately
high fesels o atlatosin coutd be used Tor sowing. This was agieed to bea dangerous
pracice s such groundnues could wetl contam viable mvecelivm ol A flevisand, given
condiitons unlavorshle tor vornmation. this conld result 0w complete cmergence
fhore tram wtlaroot discuse A suggestion had been nrade that atlatosin contami-
nated groundnuts or groundnnt cabe could be used as organie fertilizes. This may be
feasible tor cahe where the heatng during ol extriction woald have Kitled any fangal
mycelinan present, but wdding seeds that contar vigble - favees 1o e soil could
greatly boost the popubisnion of this fungos and exacerbate the contamination problem
mosucceeding groundnot crops. There s lide delimte mlormation onthe meehanisms
ofresiviance inopees pod.and seed to invasion by <L flavesand U parasiicons. Further
studizs i resstant and su-ceptible cultinvars should be carried out to examine possible
infection and colonizuwtion of pods and seeds. Chemical resistance in the shell would be
preferable to having such resistance in the seed incase protective chemicals have any
antinutritional or tosic etfeets when myeested by hmans o hivestock. There was
interest in research meo phvioglesin production in groundnut seed. and 1o would be
usefub it o cultivie could be bred m which seeds retained the capacity to prod.ice
phytoalexins venl thes are mature,

Definitne mtornwnon on tie mechanisms of resistiunee to fungad invaston ol pods
and seeds would ereath taciitate the breeding of ressstant enlonvaes, Hhe eontributions
ol ditferent mechanisie to the overall resitiinee could e assessed and resistance
sereening technignes could be dmproved. Resistancee breeding s an important long-
term objective,

e was el that o gobal survey of the occurrence of toxigenie and nontoxigenic
stratns o L ffaves and 1 parasize owould be of value. This would require precise
identitication of the two species and carctul evaluation of their populations in the soil
mycotlorue.

The need forinimg mrcvistance sereenmg methods and in techniques for handling
soil mycoflorulanalysis. cte. was expressed. Information on sereening methods could
be included in the proposed information bulletin,
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Group IV: Research on Control of Aflatoxin Contamination
with Reference to Storage, Transit, Processing, ete.

Participants

Nane In.titution Country
T.OM Nahavama (Charman) Peamit CRSP USA
JA Wighunan (Cocharman) ICRISA India
RV, Bhat NIN India

G. Chandrashekhar TIOPEA Ladia
C.L 1. Gowda ICRISAT-AGLN India

M. Machmud BORIY Indonesia
GV Ranga Rio ICRISAT India

M. Read PMB Austridia
b Shantha CHIRI India
DB Wijerame Dircctorate of Agriculture Sri Lanka
o Amra NRC Epvpt
NCEoAhmed Geszira ARS Sudan

Fhe discussions covered problems of atliitonin contannnation during postharvest
handling, storvage, and processing of groundnuis, 1 was appreciated that growth of
Aspergillis flavis od production of atlatoxin in groundnu produce couid ocecurat
all stages, and thar with contdia ot the Tungus being alnost universally present. the
mMost important lactor determinmg contamination was the moisture content ol the
groundnuts or groundnut products, Phe necd to dry gronndnuts (o a ate level of seed
moisture content wis emphasized. Stored seed Ay aeguie sutficient moisture to
enable growth of . flavus to occur i insect infestation ol pods o1 seeds occurs, or it
ambient conrditions of gh relative humidiny presan for several week s Methods of
monitoring and controlhing inseet intestitions are alrady well developed and are in
common use i well-organized storage depots, Siting of groundmet stores in areas of
high relative hunidity ~should be avoided il possible, 1w sugpested that ICRISA T
Agroclimatology Umt could be asked to compile relative humidiny data for major
groundnut-growing regions of ditferent countries during the months folfowing har-
vesting of the crops. The point was mide that where groundnuts were an export crop
the prodace v Likely to be stored under very humid condidons in. orelose Lo, seiports
whide awaiiimg shipment overseas, Problems of condensation in the holds of ships
carrving prodice trom the tropics to temperite regions could also lead to wetting of
groundnuts and growth of the toxigenie fungi. 1 his supported the need for aflatoxin
analysis of groundnut shipments on arvival at their destinations. and also indicated
that detoxification should also be carried out in the area country where the produce is
to he processed unless suirable safeguards were institutea 1o avoid recontamination of
the materials.
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There was discussion on the dfficiency of sampling of eroundnuts an+ groundnut
products and work at Cyerseas Developnient Naturai Resources Institute (ODNRI)
to retiae the Tropical Production Institete (1P nlan was descrtbed. This involves
computer simulation and research on appropriate mathematical models to thustrate
the distribution ot atlatoxin in sample Tots. The need 1o use reliable, standardized
incthods ef atlatoxin analvas was also stiessed.

The group strongly supported the need for further rescarch into detoxilication of
groundnuts and groundnut products Contamination of ots of whole seeds nuty be
reduced by removal ot visible mold-damaged or discolored seeds. However, there may
be a problem concerning the disposal of the rejected seeds. Such rejects are itkely to
have high fevels of atlatovm contamination and should not be ased in foods or animal
feeds. They could e croshied torodl, but the oitbwould probably hanve higher than usual
levels of free faty acids. mdd aald probably also reguire special treatment for
remosval of wilatoxins, Dertoxthication of groundnut cake and meal was discussed in
depthy with spectad reterence to the use ot ammonia. 1t was telt that further research
was required (o chiwidate the possible toxicology of d- toxiticd pronndnut products It
was suggested that groundnut products could be detoxitied at ports of discharge, there
being legad provisions tor warchousing and in-hond PEACESSINE I TPOrtEg Countrics.

The need tor traiming in relation o posthisy est handling of groundsuts, storage
procedures including pest control and avoidance of wetting or hvdration of produce,
sampling and aflatoxin analysis, and detoxification processes, Was agreed  Ttowas
stuggested that TCRISAT could inform national programs and institutions of courses
available worldwide on various aspects of the atlatoxin problem, and provide organiz-
ers of such courses withi contaets in client countries to suggest names ol potential
participants. Specific mention was made of ODNRIS annual 13-week training course
in atlatoxin analysis. The main abjective of this course is to train potential trainers
who can in turn impart training in their own countrics, TCRISAT S praposal to
produce an information bulletin on atiatoxin i groundnnt giy ing up-to-date informa-
tton on control procedures was strongly supported. Increasing awareness of the
importance of allatoxin could lead to increased demand for generid ana specialist
training, necessitating effective collaboration among international and regional
organizations corcerned with the problem to meet such @ demand.,
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Recommendations

The Workshop identificd varrious arcas of concern about atlitoxin contamination of
groundnut and made recommendations that are covered in detail in the Group
Discassions. The overall recommendations of the Workshop are as follows.

Information and Training

Ihe Waorkshop emphasized the need 1o inerease awarenc s ol the dangers ot aflatoxin
contamination of proumdnuts and groundnut products among international Lroups,
national povernments, the groundnut industiy, the producers, and ultmately the
constmers. Organzations such as FAOCWHGO the TFC, ete could do more in this
respect and conld cover the problem of atlitosins in all commaditics. National
povernments e bikely to tahe more notice ol advice from FAO and WHO than from
other organizations,

The need 1o make imdormauon on the gromndnnt atlatosm prablem more readily
avadable was stressed TORISA T wasencouraged to proceed with the preparition of i
datiahase on literature onthe subject and to organize the production of = handbook or
information bulleting on sampling and analvtical methods, and on manigement
practices lor control ot aflatonin in groundnat, 1t was abso sugaested that TCRISA'T
could act as a clearing house to inform all concerned with the atlatoxin problem of
proposed tratming cottises, workshops, eic.

Strategies

Ihe concerned groups, AGC, FEC, FAO, and Codex Alimentarius, should continue
to work towards a standard internationat legislation on reguliatory levels of aflatoxin
in groundnuts and groundnut products for human and animal consumption. At the
national Jevel, countries are recommended i setup interdisciplinarn working groups
to coordmate the evaduation ot the aflitoxin problem in their country . identify a
responsible agency. organize monitoring of aflatoxin levels in Toods and feeds. and
inttiate and coordinate rescarch with a view to preparing recommendatie as for control
atall levels. Parucular attention ways directed to ensuring that control measures for
reduction of aflitoxin levels in groundnuts destined for export should not further
exacerbate the problem in groundnuts for local consumption.
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Research Needs

Rescarchi needs should be clearly defined in the light of cach country's problems and
capabilities, and work should be carried out using the most appropriate technologies
and by the most relevant organizations. Training of stalf in new techniques will be
required in many countries if rapid progress is to be made. The need for cooperationin
training and research, both nationally and internationally, was recognized.
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