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Aflatoxin Contamination of Stored Groundnuts
in Zimbabwe

A.H. Siwela1 and A.D. Caley2 )

Abstract

AfJatoxins were analyzed in groundnuts stored for either local or export sales in the period
1982/83 to 1986/87. Four hundred and forty-one samples of seven groundnut varieties were
collected for analysis. Sixty-eight percent of the samples had total concentrations of aIlatoxin BJ
and OJ of up to 25 JIg kg-J. In the 1986/87 groundnut crop, the Flamingo and Makulu Red
varieties, which constitute the bulk of export sales, had up to 25 JIgkg-J aIlatoxin BJ in 79%of the
samples, plus aIlatoxin OJ in 67% of the samples. Overall, the Egret variety was the most
susceptible to aIlatoxin contamination during this period.

Resume

Contamination des arachides stockees par les aflatoxines au Zimbabwe: Les analyses des
aIlatoxines ont ete effectuees sur les arachides stockees, destinees soit a la vente locale, soit a
l'exportation, au CoUTSde la periode allant de 1982/83 a 1986/87. Elles ont porte sur 441
echantillons de 7 varietes d'arachide. Dans 68% des echantillons, la concentration totale des
aIlatoxines BJ et OJs~st e/eveea 25 JIgkg-J. Dans la recoltede 1986/87, les varietes Flamingo et
Makulu Red, qui constituent la majeure partie des ventes a I~xportation, ont presente une
concentration d 'af1atoxineBJallantjusqu';} 25JIgkg-J dans 79%des 6chantillons et de l'af1atoxine
OJ dans 67% des echantillons. En general, la variete Egret s~st montree la plus sensible a la
contamination par les aIlatoxines au COUTSde cette periode.

Resumene

La contaminacion con afIatoxinas en el cacahuate almacenado en Zimbabwe: Se cuantjficaron

aIlatoxinas en cacahuates almacenados para ventas locales 0 de exportaci6n, durante el periodo
1982/83 a 1986/87. Se reco/ectaron 441 muestras de siete variedades de cacahuate, para su
an81isis. Sesenta y ocho por ciento de las muestras tuvieron concentraciones de aIlatoxina BJy OJ
hasta 25 JIgkg-J. En 1986/87, las variedades Flamingo y Makulu Red, que constituian la mayor
parte de las ventas de exportaci6n, tuvieron un contenido hasta de 25JIgkg-J de aIlatoxina BJen
79% de las muestras, y ademas aIlatoxina OJen 67% de las muestras. Engeneral, la variedad Egret
fue la mas susceptible a las contaminaciones con aIlatoxinas durante este periodo.
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Introduction

Groundnut is the third most important oilseed in Zimbabwe, after cotton and soybean. It is
grown throughout the country in both the commercial and peasant sectors. The peasant sector
predominantly produces short-season varieties, Le., spanish and valencia, which constitute
about 25% of the confectionery nuts while the commercial sector produces the longer-season
varieties (Hildebrand 1980).

The problem of aflatoxin contamination in ground nuts and other commodities is not new in
Zimbabwe. Investigations of aflatoxin contamination of ground nuts were started in 1962
following the discovery by the Veterinary Research Laboratories of two cases of aflatoxicosis in
poultry.

Aflatoxin contamination did occur in an appreciable proportion of the crop (Bushnell 1965).
Since then, results of a IO-year survey have been published (du Toit 1977). Several interesting
points were raised enabling the prediction of aflatoxin contamination in the Zimbabwean
groundnut crop resulting from differing climatic, seasonal, and agronomic practices. It was
shown that the levels of aflatoxins in ground nuts varied from season to season. When the
end-of-season rainfall was low, an increase in the levels of aflatoxin contamination of the
groundnut crop was observed. Similarly, an increase in the aflatoxin levels was observed when
irrigation of the ground nut crop was stopped prematurely. It was also shown that contamina-
tion of ground nuts with aflatoxIn increased when lifting was delayed beyond pod maturity.
Variation of aflatoxin levels in ground nuts from individual Grain Marketing Board (GMB)
depots were observed. GMB depots drawing their ground nuts from the cooler, high-rainfall
areas had ground nuts with less aflatoxin contamination than those serving the hotter and drier
areas.

To protect the health of the population and livestock, a code of conduct was introduced
(Table I), and surveys to monitor aflatoxin levels have continued. No ground nuts are released
by the GMB for use without being analyzed for aflatoxin BI and aflatoxin GI.

In this paper, we report the analytical data from 1982/83 to 1986/87.

Table 1. Aflatoxin level classifications and code of conduct in
Zimbabwe.

Aflatoxin concentration (Ilg kg-I)

1. The negative category is used for export, human consumption, and poultry feed. All
other categories are used for stockfeed, as determined by the maximum permissible
percentage inclusion of contaminated cake (du Toit 1971).
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Category' BI GI

Negative (N) <5 <4
Lowl (LI) 5- 10 4- 8
LOW2 (L2) 10- 25 8- 20
Medium (M) 25- 50 20- 40
High (H) 50-100 40- 80
Very High (VH) 100-250 80-200



Material and Methods

AOJO-kgrandom sample representing 20 t was reduced to a 500-g working sample for submission
to our laboratory by the GMB. The sample was further reduced by the quartering technique
until a lOO-gsubsample was obtained. This sub-sample was ground to a fine meal of which 50 g
were used for analysis.

Extraction

A 50-gground sample wasextracted with a 250 mL methanol- water (55:45) solution containing
3g sodium chloride. The slurry was vigorously stirred and left to stand for 30 mins after which it
was blended at high speed for 2 mins in the presence of 100mL of hexane. The slurry was finally
filtered, a 25-mL aliquot was extracted with 25 mL chloroform and evaporated on a steam bath
to near dryness. A gentle nitrogen stream was used to dry the extract.

Analysis by Thin-Layer Chromatography (TLC)

The residue was redissolved in 0.5 mL chloroform, and 0.02 mL spotted on G2S4thin-layer
chromatographic plates alongside authentic aflatoxin standards. The plate was developed first
in ether and then in chloroform + acetone (9+I) solvent systems. Quantification was achieved by
visual comparison of fluorescence of standards against samples when viewed under UV light.
Confirmation of aflatoxin identity was achieved by the sulphuric acid spray method.

Results and Discussion

Table 2 shows the incidence of aflatoxin in confectionery groundnuts. In both Tables 2 and 3,
aflatoxin BI and aflatoxin GI were totalled and the category defined by the aflatoxin BI scale.

The maximum permissible level in Zimbabwe has been set up at 25Jjg kg-I. From 1982/83 to
1986/87, intertemporal variability in the level of ground nut contamination up to 25Jjg kg-I was
not significant at the 5% level of probability (chi-square test). However, the incidence of
contamination at or below 5Jjg kg-I fluctuated from season to season, with the 1982/83 and

Table 2. Incidence of aflatoxin in confectionery groundnuts in Zimbabwe from 1982/83 to 1986/87.

5t T tal Samples in each category(%)1orage year 0
Apr-Mar samples N L. L2 M H VH

1982/83 157 29 7 22 17 15 IO
1983/84 80 56 - 8 8 18 IO
1984/85 19 21 - 42 5 16 16
1985/86 61 66 - I3 5 IO 6
1986/87 124 69 2 6 5 II 7

1. Defined in Table I.
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rops being the worst affected. The seasons preceeding 1982/83 and 1983/84 were
jry. It is conceivable that the higher levels of contamination occurred before storage.
977) showed that groundnut invasion by A.j7avus and subsequent aflatoxin contami-
:urred in the crop before lifting. He found no evidence to indicate that the normal
f storage used by either the GMB or the farming community predispose groundnuts to
~ontamination. However, no rational explanation can be advanced as to why no
is observed when 25J.Lgkg-I is taken as the upper limit.
shows the incidence of aflatoxins in different varieties of ground nuts for the storage
87. Of the samples tested, contamination was most frequent in the Egret variety with
If the samples at either 25J.Lgkg-I level or below 5J.Lgkg-I compared to other varieties
:d from 67-100% in the 25J.Lgkg-I category and 53-100%in the negative category. No
evels of aflatoxins were found in over 50% of samples of Makulu Red and Flamingo
1ich constitute the bulk of the groundnut exports.
.ta represent preliminary results of an on-going study on the susceptibility of a
'ariety to aflatoxin contamination. Such a study might help persuade producers of
to switch to other varieties which are not at risk. We also hope to sample at various
ts and eventually go to individual suppliers, thus tracing the source of aflatoxin
Ion.
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atoxin incidence in different varieties of groundnuts in Zimbabwe, preliminary survey,
Apr-Mar 1986/87.

Total Samples in each category (%)1

samples N L. L2 M H VH

13 46 8 38 8
6 100

15 53 7 7 13 7 13
22 59 5 18 5 9 4
58 76 3 3 9 9

2 100
I 100
7 72 14 14

124 69 2 6 5 II 7

Ie 1.



1984/85 crops being the worst affected. The seasons preceeding 1982/83 and 1983/84 were
relatively dry. It is conceivable that the higher levels of contamination occurred before storage.
Du Toit (1977) showed that groundnut invasion by A.flavus and subsequent aflatoxin contami-
nation occurred in the crop before lifting. He found no evidence to indicate that the normal
methods of storage used by either the GMB or the farming community predispose ground nuts to
aflatoxin contamination. However, no rational explanation can be advanced as to why no
differenceis observed when 25J.Lgkg-J is taken as the upper limit.

Table 3 shows the incidence of aflatoxins in different varieties of ground nuts for the storage
year 1986/87. Ofthe samples tested, contamination was most frequent in the Egret variety with
only 46% of the samples at either 25J.Lgkg-I level or below 5J.Lgkg-I compared to other varieties
whichvariedfrom 67-100%in the 25J.Lgkg-Icategoryand 53-100%in the negativecategory.No
detectable levels of aflatoxins were found in over 50% of samples of Makulu Red and Flamingo
varieties which constitute the bulk of the groundnut exports.

These data represent preliminary results of an on-going study on the susceptibility of a
particular variety to aflatoxin contamination. Such a study might help persuade producers of
that variety to switch to other varieties which are 110tat risk. We also hope to sample at various
GMB depots and eventually go to individual suppliers, thus tracing the source of aflatoxin
contamination.
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Table 3. Aflatoxin incidence in different varieties of groundnuts in Zimbabwe, preliminary survey,
storage year Apr-Mar 1986/87.

Total Samples in each category (%)1

Variety samples N LI L2 M H VH

Egret I3 46 8 38 8
Valencia 6 100
Makulu Red 15 53 7 7 13 7 I3
Spanish 22 59 5 18 5 9 4
Flamingo 58 76 3 3 9 9
Plover 2 100
Swallow I 100
Mixed/ Ration 7 72 14 14

All varieties 124 69 2 6 5 II 7

I. Definedin Table I.
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Discussion

G. Chandrashekhar. Dr Siwela said that he found high aflatoxin contamination in ground nut
samples when rainfall towards the end of the season was low. The Indian Oil Producers and
Exporters Association (IOPEA) conducted a study in November 1986when late season rainfall
was low. In Gujarat over 160samples were drawn and analyzed for aflatoxin and over 70% of the
samples showed aflatoxin levels of less than 5 J.l.gkg-I.
A.H. Siwela. Our finding is in line with other workers' results. It is believed that when
end-of-season rainfall is low, pods may crack due to drought stress or water deficit, and expose
kernels to direct contamination by A. flavus or A. parasilicus and subsequent aflatoxin
contamination.
F. Waliyar. In Senegal we made similar observations.
V.K. Mehan. I think that the seed invasion problem becomes more severe as drought intensity
increases. The length of the drought period also affects aflatoxin contamination; if drought
stress occurs for less than 20 days it may not lead to significant fungal invasion and subsequent
aflatoxin contamination, but longer periods result in contamination.
J.H. Williams. I think one needs to also take into account genetic variation in the drought
response. Some varieties will have 30 to 40% of seeds infected, others will have only 3% infected.
So there is very large variation in response to drought.
N.E. Ahmed. You have shown us several methods of drying, I would like to know if you have
any preference?
A.H. Siwela. The four methods shown are used routinely in the country and all the methods
have been found adequate-they do not predispose groundnuts to aflatoxin contamination at
all.
R. W. Gibbons. When I was in Malawi, we did quite a lot of work on different drying methods.
We found that some of the methods were very effective, particularly the making of hollow
stacks.
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