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The production of groundnut is constrained by several factors, among which is the
contamination with Aspergillus sp. In addition to causing quantitative losses, some of the
Aspergillus sp. produce highly toxic and carcinogenic chemical substances known as aflatoxins.
Aflatoxin contamination of groundnut has gained global significance due to deleterious effects
the contaminant has on human and animal health. This study aimed at investigating the
occurrence of Aspergillus sp. in different groundnut samples as well as analyzing the samples
chemically to detect the presence of aflatoxin in the groundnut samples. Thirty (30) samples of
groundnuts were collected from five local markets in Gombe metropolis, namely: Gombe main
market, Gombe old market, Riyal, Tashan Dukku, and Arawa market. The kernels were
examined for the occurrence of Aspergillus sp. and contamination with aflatoxins. All samples
were subjected to microbiological analysis by culturing them on suitable growth medium
followed by chemical analysis by Thin-Layer Chromatography (TLC) technique. Twenty-four
samples (80%) gave positive readings with TLC technique, and in culture, Aspergillus flavus
was isolated from nineteen samples (63%). The concentrations of aflatoxin in these samples
were ranged from low to very high, in range of (23.67 — 134.66 pg/Kg kernel).

INTRODUCTION

protein and 10-20% carbohydrate and are rich in vitamins and
minerals. Groundnut kernels are consumed directly as raw,

Groundnut (Arachis hypogaea L.), which is also known as
peanut, earth-nut, monkey nut and goobers, is a member of the
Papilionaceae, largest and most leguminous crop [1] . It serves
as component of crop rotation in many countries [2,3].
Groundnuts are also significant source of cash in developing
countries that contribute significantly to food security and
alleviate poverty [4]. Developing countries account for 97% of
the world’s groundnut area and 94% of the total production [5].
It is mainly native to the warmer regions. It frequently provides
food for humans, livestocks, and in the absence of meat, it
forms a valuable protein component in diet. It is one of the
world’s most important oil seed crops, ranking as the 13% most
important food crop and 4™ most important oil seed crop of the
world and cultivated in more than 100 countries in six
continents [6]. Groundnut kernels contain 40-50% fat, 20-50%

roasted or boiled kernels or oil extracted from the kernel is used
for culinary purpose. Oil pressings, seeds and haulms of
groundnut are used as animal feed, while the oil cake is used as
an industrial raw material and fertilizer [7]. Groundnut crops are
grown for their seeds, the oil, the meal, and the vegetative
residues [8].

Two-third of the world groundnut crops are crushed for oil,
which is used mainly for cooking. It may also be used for
margarines and vegetable glee, for shortenings in pastries and
bread, in soaps, pharmaceutical and cosmetic products,
lubricant and emulsion for insecticides and as fuel for diesel
engines [9]. These multiple uses of groundnut plants make it an
excellent cash crop for domestic as well as foreign trade in
several developing and developed countries. However,
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groundnut yield in some part of the world and particularly in
Africa is lower than the world average due to prevailing abiotic,
biotic and socio-economic factors [2,3,10].

Mature seeds of groundnut are liable to infection by the
mould Aspergillus species if they become damp in the soil or
store and a resulting by-product of the metabolism of those
fungi can produce a series of toxic substances, the aflatoxins
[11]. Feed produced from meals containing aflatoxin induces
obvious and hidden effects in livestock varying from a general
loss of condition to death, or long-term degeneration of internal
organs from cancer should contaminated kernels be sold as
edible nut, human poisoning can occur [12]. Aflatoxin
contamination of groundnut prevents groundnut producers from
accessing bigger southern markets, increases dependency on
foreign food aid, stifles economic opportunities and adversely
affects consumer health.

Aspergillus spp. are very widely distributed fungi like
Penicillium and their spores are abundant in the air and in the
soil. Eighteen groups of Aspergilli were listed and recognized
132 species. Aspergillus spp. are facultative parasites. They
invade host plant tissues directly or attack tissues that have been
predisposed by environmental stresses such as dry weather or
damages caused by insects, nematodes, natural cracking, and
harvest equipment [13].

Aflatoxin is the name for a group of toxins known as B1,
B2, G1, G2, M1 and M2 (carcinogenic compounds) that are
produced mainly by two fungi called Aspergillus flavus and
Aspergillus parasiticus. These toxins occur naturally and have
been found in a wide range of commodities (including peanuts)
used for animal and human consumption. Depending on their
levels, toxins can severely affect the liver and induce a human
carcinogen, i.e., causes cancer. In many developing countries,
Aflatoxin is a major health risk to both humans and animals due
to the high levels of the contaminated products consumed [14].

Aflatoxins are a group of structurally related toxic
polyketide-derived secondary metabolites produced by certain
stains of A. flavus and A. parasiticus [15]. Aflatoxins are the
major mycotoxins that are most commonly associated with
groundnut [16]. In view of the extreme toxicity and the
widespread distribution of the aflatoxins, much effort has been
expended towards achieving effective control of the
contribution of foods and feeding stuffs of groundnut origin
likely to contain aflatoxin [17]. This research was aimed at
detecting the occurrence of Aspergillus sp. in different samples
of groundnut as well as analyzing the samples chemically to
detect the presence of aflatoxin in the samples.

MATERIALS AND METHODS

A total of 30 samples were collected from five local markets in
Gombe metropolis namely: Gombe main market, Gombe old
market, Riyal, Tashan Dukku, and Arawa market i.e six samples
each from market. The samples were labeled as sample A, B, C,
D and E representing cross their collection site and each
subgroup were labelled from 1-6 making the total number of
thirty (30) samples from all over the metropolis.

Isolation of Aspergillus spp. from the Samples

A method described by Hayate, and Idris [18] were adopted in
isolating the fungi. This was performed by weighing 10 g of the
groundnut sample and blending with 90mls of distilled water
[18]. Iml was taken from each mixture and serial dilution of in

to 1-5 folds were time. 1ml was taken from 10!, 1073, and 107
dilutions, inoculated on to the surface of freshly prepared
Sabouraud dextrose agar (SDA) plates and incubated at 25°C
for 7 days. Pure cultures of different out growing fungi were
obtained by transferring fungal colonies to new PDA plates
using sterile wireloop and incubating the plates at 25°C for
seven days. The pure cultures were examined microscopically
using Lactophenol Cotton Blue (LPCB) stain and were
classified to the species level by comparing the culture
characteristics with the one given in the atlas [19].

Chemical Analysis of Samples for Aflatoxins

The general procedures used in the chemical analysis of the
samples for the presence of aflatoxins as previously described
by Jones [20] as follows:-

Defatting of Samples

About 50 g from each of the sample types were weighed and
grinded. 20 g of the grinded samples were weighed and then
transferred into different beakers (50 mL). The samples were
extracted with aromatic - free petroleum spirit (100 ml) for four
hours as described by [21].

Extraction of aflatoxin from samples

The TPI standard procedure described by Jones and Lee was
used in extracting aflatoxin from the samples [20,22]. This was
done by weighing 10 g defatted sample into a 250 ml wide -
mouthed bottle, 10 ml of water was then added and mixed
thoroughly using a gloss rod. 100 ml of chloroform was then
added as described by Carling [23] and the bottle was stopped
with a rubber bung coated with aluminum foil to protect the
rubber from attack by the chloroform. The content was placed
on a wrist shaker for 30 min to extract the toxin. The extract
was then filtered through a Whatmann No.l filter paper as
described previously [23]. The filtrate obtained was further
concentrated by evaporating excess chloroform on a water bath
[23].

Detection of aflatoxin by thin-layer chromatography (TLC)
The method of Iong, et al. was used in detecting the aflatoxin
content of the extracts [24]. In this procedure, ten 12 cm x 12
cm silica gel chromatographic plates were used in all the sample
extracts. The silica gel chromatoplates were then spotted with
the extract at a position 2 cm from the bottom of the plates. A
development solvent (chloroform-methanol) (95:5 v/v) as
described by Dicken was used as the mobile solvent system
[25].

The chromatoplates were developed by standing each plate
in a chromatography tank containing the solvent to a depth of
lem. The Chromatography tank was placed in a dark cupboard
and careful observation was made in assessing the level of the
solvent front on the plates in order not to exceed 10cm of the
required limit to cover the solvent system. The plates were then
removed from the chromatography tank and left to dry as
described by Peterson, et al. [26]. The plates were irradiated
with an ultraviolet light of 365 mu as [25] to observe the
presence of florescent spots of extracts [25]. The retention
factor (Rf) was calculated as in Equation 1, recorded to
determine the concentration of aflatoxins using Equation 2.

Rf= Distance movement by compound
Distance movement by solvent

(Eqn 1)
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Concentration of aflatoxin B1 in W/Kg = (Sx Yx V) (Eqn. 2)
(XxW)
Where:

S = pl aflatoxin B1 standard equal to unknown.

Y = concentration of aflatoxin standard pg/ml.

V = pl of final dilution of sample extract.

X = ul of sample extract spotted to giving fluorescent intensity equal to
S.

W = weight of sample in gram of original sample contain in fin extract.

RESULTS AND DISCUSSION

The results of analysis of groundnut samples for the presence of
Aspergillus flavus and aflatoxin were presented as follows:

Table 1 shows the result of the total fungal plate count
across various selected markets in Gombe metropolis namely:
Gombe main market, Gombe old market, Riyal, Tashan Dukku,
and Arawa market. Highest number of fungi was observed in
Gombe main market with (7.05x10* cfu/ml), followed by
Gombe old market with (5.33x10* cfu/ml), while Tashan Dukku
showed the least with (2.05x10* cfu/ml).

Table 1. Total fungi Plate Count across the various selected market in
Gombe.

S/N Market Fungal plate
counts (cfu/ml)

1 Gombe Main market 7.05 x 10*

2 Gombe old market 5.33 x 10*

3 Arawa market 437 x 10*

4 Riyal market 4.35 x 10*

5 Tashan Dukku market ~ 2.05 x 10*

Table 2 shows the results of the occurrence of different
fungi isolated from the various selected markets in Gombe
metropolis. The result shows that Aspergillus flavus has the
highest frequency of occurrence with 19 (63%), followed by
Asprgillus niger with 8 (27%), while, Aspergillus parasiticus
showed the least frequency with 3 (10%).

Table 2. Frequency distribution and percentage frequency for the
occurrence of fungi isolated from the samples.

Species Frequency of % Frequency
occurrence

Apergillus flavus 19 63

Aspergillus niger 8 27

Aspergillus parasiticus 3 10

Total 30 100

Table 3 shows the result for the occurrence of aflatoxins
extracted from the groundnut samples in Gombe metropolis.
The result revealed that aflatoxin B has the highest frequency
of occurrence with 11 (37%), followed by aflatoxin B2 with 9
(30%), while, aflatoxin G1 showed the least with 4 (13%).

Table 3. Frequency distribution and percentage frequency for the
occurrence of aflatoxins extracted from the samples

Aflatoxin Frequency of %
occurrences  Frequency

Aflatoxin B, (AFB;) 11 37

Aflatoxin B, (AFB,) 9 30

Aflatoxin G, (AFG,) 4 13

Negative 6 20

Total 30 100

Table 4 shows the result of the mean concentration of
aflatoxins extracted from the groundnut samples in selected
markets in Gombe metropolis, namely: Gombe main market,
Gombe old market, Riyal, Tashan Dukku, and Arawa market.
The result revealed that Gombe main market has the highest
contamination of aflatoxins with (74.35 pg/Kg), followed by
Gombe old market with (37.72 pg/Kg), while Tashan Dukku
market with (15.67 pg/Kg) has the least contamination of
aflatoxins

Table 4. Concentration of aflatoxins detected in the groundnut samples.

S/N Location Cocentration of aflatoxin (ug/ Kg)
1 Gombe main market 74.35
2. Gombe old market 37.32
3. Arawa market 26.90
4. Riyal market 18.67
5. Tashan Dukku 15.67
DISCUSSIONS

Aflatoxin has been the subject of many studies because of its
deadly toxicity to certain domesticated animals, including
turkeys, ducks and trout. In addition increased incidence of
human hepato-carcinoma is associated with ingestion of
sublethal doses of aflatoxin [27].

The result of the total fungal plate count across various
selected markets in Gombe metropolis, namely: Gombe main
market, Gombe old market, Riyal, Tashan Dukku, and Arawa
market, revealed highest number of fungi in Gombe main
market (7.05x10* cfu/ml), followed by with Gombe old market
(5.33x10* cfu/ml), while Tashan Dukku showed the least with
(2.05%x10* cfu/ml). The highest fungal count observed in Gombe
main market might be attributed to long-term storage in the
store by the marketers. Interestingly, this study is in agreement
to that of Weiss et al. who reported that mature seeds of
groundnut are liable to infection by the mould if they become
damp in the soil or store [11].

So also, the results of the occurrence of different fungi
isolated from the various selected markets in Gombe metropolis
revealed highest frequency of occurrence by Aspergillus flavus
with 19 (63%), followed by Aspergillus niger with 8 (27%),
while, Aspergillus parasiticus showed the least frequency with
3 (10%). The highest frequency of occurrence by Aspergillus
flavus might be attributed to a particular affinity of the
Aspergillus flavus to the use of groundnut as a good substrate
for growth. This correlates with the findings of Lanfont and
Lanfont [28] that A. flavus have a particular affinity for
groundnut as a substrate for growth. The result was also
consistent with Chala, et al. who detected 5-11,900 pg/kg total
aflatoxin from same samples suggesting heavy groundnut
contamination by Aspergillus flavus and associated fungus in
the region [28, 29].

Furthermore, the result of the occurrence of aflatoxins
extracted from the groundnut samples in Gombe metropolis.
The result revealed that aflatoxin B1 has the highest frequency
of occurrence with 11 (37%), followed by aflatoxin B> with 9
(30%), while, aflatoxin Gi showed the least with 4 (13%). The
highest frequency of occurrence by aflatoxin Bi might be
attributed to the high prevalence of aflatoxin B in contaminated
groundnut. This result is consistent to the findings of Park er al.
[30] who analyzed 40 groundnut and 30 peanut butter samples,
AFB1 was found in 5 peanut butter samples with mean AFB;
concentration of 12 mg/kg, and 10 peanut samples had AFB;
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concentration ranging from 19-32 mg/kg [30]. It also tallies
with the survey done in Philippines on groundnut-based
products which revealed that 60% of the samples were positive
for aflatoxin B1 in range of 1.00 - 244 ng/Kg [31].

Finally, the result of the mean concentration of aflatoxins
extracted from the groundnut samples in selected markets in
Gombe metropolis, namely: Gombe main market, Gombe old
market, Riyal, Tashan Dukku, and Arawa market revealed that
Gombe main market has the highest contamination of aflatoxins
with (74.35 ng/Kg), followed by Gombe old market with (37.72
ng/Kg), while Tashan Dukku market with (15.67 ng/Kg) has the
least contamination of aflatoxins. This may be due to long time
storage of the groundnut in the store by the marketers. The
result is in agreement with the work of Bakhiet et al. on the
survey and determination of aflatoxin levels in stored groundnut
in Sudan who reported 58.33% of 60 stored groundnut tested
were positive to aflatoxin B1 with the concentration range of
17.57 — 404.00 pg/Kg [32]. In addition, there are several
surveys that show a relatively lower level of contamination of
aflatoxin B1 in groundnuts and their products. Siame et al. who
did a study in Botswana, reported that the levels of aflatoxin B1
in a range of (0.8 — 16.00 pg/Kg) for the raw shelled shelled
samples and for peanut butter were (3.2 — 16.00 pg/Kg). In
Tokyo, Japan, Tabata et al. found that several groundnut
products were contaminated by aflatoxin B in a range of 0.4 —
21.7 pg/Kg [33].

According to Ali er al., when the initial content of
aflatoxin was high in the raw shelled groundnut, a high level of
aflatoxin contamination can be expected in its final products
such as peanut candy and peanut butter [31]. On the other hand,
the low level of aflatoxin contamination in the peanut products
has always been associated with the use of high quality raw
materials (raw shelled groundnut) that contain an acceptable
low initial level of aflatoxin. Besides, various groundnut
processing techniques, such as shelling, drying under sunlight,
boiling with salty water, and roasting, were also found to be
useful in reducing the aflatoxin content in the products [34].
The percentage for the occurrence of aflatoxins in the samples
analyzed in this research indicates a higher level of
contamination of the groundnut in the local markets. Groundnut
is one of the major sources of protein especially among the
peasants, thus the presence of aflatoxins in the samples presents
a higher health risk to consumers, considering the fact that local
processing techniques employed to groundnut food contributes
partially to the destruction of aflatoxins in such foods [34].

Higher levels of contamination of the samples may be
attributed to the suitable environmental conditions that favor the
growth and formation of aflatoxins by the fungi. These
conditions (temperature and humidity) are at a favorable level
for growth of the fungi in tropical countries such as Nigeria.
Though groundnut has been shown to be one of the
commodities mostly infected by the fungi, high percentage of
occurrence by the fungi may be attributed to the harvesting,
processing, and condition for storage of this commodity in
markets and stores.

Conclusively, the percentages for the occurrence of
Aspergillus spp.in the samples analyzed indicate the ubiquitous
nature of Aspergillus spp. and potential for contamination of
food stuffs and animal feeds of groundnut origin. The presence
of a golden yellow extract after evaporating the solvent is an
inference to the toxicity of the samples analyzed. The toxicity
level is attributed to the presence of metabolites (aflatoxin) of
the fungi.

The comparison of Rr values of the extract with that of the
control concluded that the sample extract comprises the
aflatoxins.

ACKNOWLEDGEMENT

The authors would like to acknowledge the research grant
provided by the Gombe State University and Department of
Microbiology, Gombe State University, Nigeria for the
facilities.

REFERENCES

1. Dwivedi Sl, Crouch JH, Nigam SN. Molecular Breeding of
Groundnut for Enhanced productivity and Food Security In The
Semi-Arid Tropics; Opportunities and Challenges. Adv Agro.
2009; 80: 153-221.

2. Pande N, Saxena J, Pandey H. Natural Occurrence of Mycotoxins
In some Cereals. Mycoses. 2003;33:126-8.

3. Upadhyaya HD, Gowda CLL, Pundir V, Reddy G, Sube Singh.
Development of core subset of Finger Millet Germplasm using
Geographical origin and data On 14 Quantitative Traits. Genet
Resour Crop Evol. 2006; 53(4): 679-85.

4. Smart MG, Shotwell OL, Caldwell RW. Pathogenesis In
Aspergillus ear Rot of maize: Aflatoxin B1 Levels In grains
around wound inoculation sites. Phytopatology. 1990; 80: 1283-6.

5. Faostat. Groundnut world production.
Http://Www.Faostat.Fao.Org. 2010.

6.  Surendranatha EC, Sudhaker C, Eswara NP. Aflatoxin
Contamination in Groundnut Induced by A. Flavus Type Fungi. A
Critical Review. Int J Appl Biol Pharm Technol. 2011; 2: 2-9.

7. Ayele A. Evaluation of symbiotic effectiveness of Rhizobia
(Bradyrhizobium spp.) with groundnut (Arachis Hypogaea L.) In
Estern Hararghe Zone of oromiya Regional State, Ethiopia. 2010.

8. Preller JH. The Groundnut Crop. forming in South Africa 24,.
1999. 25-29.

9.  Gladstones JS. World production of oilseed crops Technical
Bulletin 26. Western Australia Dept Of Agriculture. 1994.

10. Caliskan S, Arslan M, Arioglu H. Effects Of sowing date and
growth duration on growth and yield of groundnut in a
mediterranean-type environment in Turkey. F Crop Res. 2008;
105: 131-40.

11. Weiss EA. In: Oilseeds crops. Published In U.S.A by Longman
Inc. New York. 1993. 13 - 15.

12.  Moreau C. Moulds, Toxins and Food. John Wiley, London. 1999.

13. Pettit RE, Taber RA. Factors influencing Aflatoxin accumulation
in Peanut Kernels and the associated mycoflora. Appl Microbiol.
1968; 16: 1230-1234.

14.  Wright GC, Lamb DW, Medway J. Application of Aerial Remote
Sensing Technology for the identification of Aflatoxin affected
areas In Peanut fields. Brisbane, Australia. 2002.

15. Waliar F, Craufurd P, Padmaja KV, Reddy RK, Reddy SV, Nigam
SN, et al. Effect of soil application of lime, crop residue and bio
control agents on pre-harvest Aspergillus Flavus Infection and
Aflatoxin Contamination In Groundnut. International Conference
on Groundnut Management and Genomic, 5-10 November, 2006,
Gungdon Hotel, Guagzhou, China. 2006. P. 45.

16. Dohlman E. Mycotoxin Hazard and Regulations: Impacts on Food
and Animal Feed Crop Trade and Food Safety: Economic theory
and case studies, Jean Buzby (Ed.). Agricultural Economic Report
828. Usda, Esr. 2003.

17. Goldlatt LA. Aflatoxin scientific background, Control and
Implications, New York, Academic Press. 1997. 265-306.

18. Hayate S, Idris A. Soil Microbiology Practical, 1st Ed. Khartoum
Univ. Printin Press. 2000. 24-25.

19. Cheesbrough M. Medical Laboratory Manual For Tropical
Countries, 5th Ed. Great Britain at the University Press,
Cambridge. 2000.

20. Jones BD. Methods of Aflatoxin Analysis. Tropical Products
Institute, London, (Report 670). 2003. 58.

21. Waltking AC, Martins PS, Brown RC, Clancy M. In: Methods of
Aflotoxin Analysis (Report 670). London, Tropical Products
Institute. 2002.

-25-



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

JOBIMB, 2018, Vol 6, No 1, 22-26

Lee WV. Quantitative Determination of Aflatoxin In Groundnut
Products. Analyst. 1999; 90: 305-7.

Pons WA, Goldblatt LA, Pohland AE, Wisemann HG. In:
Official Method of Analysis, 11th Ed. Association of official
Anal. Chem. Washington D.C. 1996. 427-438.

Iongh DH, Beerthuis RK, Vles RO, Barrett CB, Ord WO.
Investigation of the factor In Groundnut Meal Responsible for
Turkey & Disease. Biochim Biophys Acta. 2005; 65: 548-51.
Dicken GJ. Some Applications of TLC in the Public Analyst’s
Laboratory. J Ass Public L. 1999; 4(3): 45-51.

Peterson RE, Nabney J, Schroeder HW. Method of Aflatoxin
Analysis. J] Chromatogr. 2002; 27 (1): 304.

Scholl P, Groopman JD. Epidemiology of Human Aflatoxin
Exposures and Its relationship to liver Cancer. In: Eklund M,
Richard JL, Mise K, Eds. Molecular Approaches to Food Safety,
Issues Involving Toxic Microorganisms Fort Collins, Colorado:
Alaken,. 1995. 169-82.

Lanfont P, Lanfont J. Production Of Aflotoxin Per Dessouches
D’ Aspergillus Flavus Link De Differents Orgines. Mycopath
Mycol Appl. 2004; 43: 323-8.

Chala A, Mohammed A, Ayalew A, Skinnes H. Natural
Occurrence Of Aflatoxins In Groundnut (Arachis Hypogaea L.)
From Eastern Ethiopia. Food Control. 2013; 30(2): 602-5.

Park JW, Choi SY, Hwang HJ, Kim YB. Fungal Mycoflora and
Mycotoxins In Korean polished rice destined for humans. Int J
Food Microbiol. 2005; 103: 305-314.

Ali N, Hashim NH, Yoshizawa, T. Evaluation and Application of
a simple and rapid method for analysis of Aflatoxins in
commercial foods from Malaysia and the Phillipines. Food Addit
Contam. 1999; 16: 273-280.

Bakhiet SEA, Musa AAA. Survey and determination of
Aflatoxin levels in stored peanut in Sudan. Jordan J Biol Sci.
2011; 4(1): 13-20.

Tabata S, Kamimura H, Ibe A, Hashimoto H, Lida M, Tamura Y,
Nishima, T. Aflatoxin contamination in foods and foodstuffs in
Tokyo: 1986-1990. J. of Aoac Inter. 1993; 76: 32 — 35.
Yazdanpanah H, Mohammadi T, Abdouhossain G, Cheraghali A.
Effect of roasting on degradation of aflatoxins in contaminated
pistachio nuts. Food Chem Toxicol J. 2005; 43: 1135 — 1139.

- 26 -



