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Abstract

Sixty samples of stored peanut kernels were collected
from four different locations in Sudan namely Mayo
city, Umbaddah city in Khartoum state, Al-Helalia city,
and Al-Managel city in Al-Jazeera state. The kernels
were examined for contamination with aflatoxin. All
samples were subjected to microbiological analysis by
culturing them on suitable growth medium "Sabouraud's
Dextrose Agar" and chemical analysis by Thin-Layer
Chromatography (TLC) technique. Thirty five samples
(58.33%) gave positive readings with TLC technique,
and in culture, Aspergillus flavus was isolated from
twenty six samples (43.33%). The concentration of
aflatoxin B, in these samples were ranged from low to
very high, in range of (17.57-404.00 ng/Kg kernel).
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1. Introduction

Aflatoxin is the name for a group of toxins known as
By, By, Gy, Gy, M and M, (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
(Wright et al., 2002).

The causative agents grow on food and feed grains at a
moisture level of 15% or greater in the presence of warm
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temperatures (21°C- 37°C or 70°-100°F). The toxin can be
found in a variety of grains but most often occurs in peanut
and corn. Contamination can occur while the grain is
standing in the field, at and soon after harvesting and
during storage before or after the grain is processed into
food or feed (Allen, 2003).

A few months after the death of more than 100.000
young Turkeys in poultry farms in England, an apparently
new disease that was termed "Turkey X disease" appeared.
Speculations made during 1960 regarding the nature of the
toxin suggested that it might be of fungal origin. In fact,
the toxin-producing fungus was identified as Aspergillus
flavus in 1961 and the toxin was given the name
Aflatoxins by virtue of its origin (A. flavus — Afla) (Liu et
al., 2005).

The chemical structure of aflatoxin is coumarin nucleus
linked to a bifuran and either a pentanone, as in AFB, and
the dihydro derivative AFB,, or a six — member lactone, as
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in AFG; and its corresponding derivative AFG, (Sanz et
al., 1989)

The economic impact of aflatoxins was derived
directly from crop, livestock losses, and, , indirectly, from
the cost of regulatory programs designed to reduce risks to
animal and human health. The Food and Agriculture
Organization (FAO) estimates that 25 % of the world's
food crops are affected by mycotoxins, of which the most
notorious are aflatoxins. Aflatoxins losses to livestock and
poultry producers from aflatoxin-contaminated feeds
include death and the more subtle effects of immune
system suppression, reduced growth rates, and losses in
feed efficiency. Other adverse economic effects of
aflatoxins include lower yield for food and fiber crops
(Anon, 1989)

In an attempt to harmonize the current tolerances to
aflatoxin which exist in different countries, the working
group on mycotoxins of the World Health Organization
(WHO) and Food Agricultural Organization (FAO)
proposed maximum limits of 15pug/Kg for total aflatoxins
in raw groundnuts based on a sample size of 20 Kg (Bhat
etal., 1996).

The potential economic problems associated
with a level of 10pg/Kg and the public health implications
of a level of 15ug/Kg, as compared to 10pg/Kg for
aflatoxins in foods, are two main issues in the setting of
maximum levels for aflatoxins in groundnuts intended for
further processing. Many countries considered the level of
15ug/Kg to be a reasonable limit that could be achieved by
producing countries, thus facilitating international trade,
considering that a lower level would constitute a trade
barrier due to the finding of the the evaluation of the Joint
FAO/WHO Expert Committee on Food Additives
(JECFA) that this may not offer a significant improvement
in public health. However, genotoxic properties of
aflatoxin, uncertainties in risk assessment, the As Low As
is Reasonable Achievable (ALARA) principle, and
inadequate data on the effect of a level of 10ug/Kg on the
availability of groundnuts in the world market support the
continued consideration of the lower level. A situation can
be envisaged from a recent Multi-Centric National Study
in India of aflatoxin contamination in maize and
groundnut. The study indicated that 21% of the
contaminated groundnut samples available in the Indian
market were not suitable for human consumption as they
contained aflatoxin B; above the Indian permissible limit
of 30pug/Kg (Bhat et al., 1997).

1.1. Objectives

The objectives of this study are to:

1. Isolate the fungi which produce aflatoxin B; from
stored peanut kernels.

2. Measure the quantity of aflatoxin B, in stored peanut
kernels.

2. Material and Methods

2.1. Microbiological analysis

Peanut samples were collected from four different
locations in Sudan by taking 100 gm from each sample and
mixing them to obtain the representative sample. One
gram of each sample was tested for fungal isolation by

inoculating the Sabouraud dextrose agar plates with the
suspension of peanut kernels using dilution method by
taking 0.5 ml from each dilution; they were placed into
Petri dishes and incubated at 28°C for 3-5 days (Hayate
and Idris, 2000). After the incubation period, the growing
fungal cultures were examined microscopically using
Lactophenol Cotton Blue (LPCB) stain and classified by
reporting the culture characteristics at the face and reverse
side of the inoculated Petri dishes (Cheesbrough, 1984).

2.2. Chemical analysis

The chemical analysis techniques were performed
according to those described by the Association of Official
Analytical Chemist (AOAC, 1999).

2.2.1. Extraction of aflatoxin from peanut kernels

Twenty grams Peanut samples were ground and placed
in 250 ml conical flask, 100 ml of methanol (55%), and 40
ml of petroleum ether were added and blended for 2
minutes at a high speed. The mixture was left standing
undisturbed in the blender for 30 minutes. Twenty five ml
were pipetted from the aqueous methanol phase into 250
ml flask, and 25 ml of chloroform were added, covered
with a stopper and shaken for 1 minute. The layers were
left to separate and the bottom chloroform layer was
drained into 100 ml glass beaker, placed into a water bath
to evaporate the solvent. The extract was dissolved in
200ul benzene-acetonitril (98:2) for spotting on TLC plate
(AOAC, 1999).

2.2.2. Detection of aflatoxin using Thin-Layer
Chromatography(TLC)

20ul from the previously prepared sample was
spotted on imaginary line lcm from the bottom edge of
TLC plate and 20uls of the aflatoxin reference standard
solution. The plate was placed in a tank containing a
mixture of acetone-chloroform (5:95) for 10 minutes at 23-
25°C, removed, allowed to dry at room temperature, and
illuminated from above by placing its flat, coated side up,
on a long wave ultraviolet lamp Chromato-Vue cabinet.
The fluorescent spots were observed and the retention
factor (Ry) was calculated as in formula (i), recorded to
determine the concentration of aflatoxin B, after spraying
the plate with 50% sulphuric acid solution. The results
were calculated applying formula (ii).

Formula (i)
distance moved by compound
distance moved by solvent

Rf:

Formula (ii)

Concentration of aflatoxin B; in W/Kg = (Sx YXx V)/ (X%
W)

Where:

S = ul aflatoxin B, standard equal to unknown.

Y = concentration of aflatoxin B;standard pg/ml.

V = pl of final dilution of sample extract.

X = ul of sample extract spotted to giving fluorescent
intensity equal to S (B, standard).

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

The R; of aflatoxin B, is ranged between 0.4-0.7(AOAC,
1999).
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3. Results

Fifteen stored peanut kernel samples, which were
collected from Mayo city, Khartoum state, contained
aflatoxin By by using chromatographical technique (Fig.1)
and they had a range of aflatoxin B, concentration from
(17.57 pg/ Kg — 67.33 ng/ Kg Table 1), but not all samples
containing the aflatoxin B; producing-agents (Aspergillus
flavus). This fungus was isolated from six samples (40%)
only and the others contained Aspergillus niger, (Table 2).
While eight samples (53.33%) of stored peanut kernels
collected from Umbaddah city, Khartoum state, appeared
positive with chromatographical technique with toxin
concentration ranged from (44.89 pg/ Kg — 404.00 ng/ Kg
(Table 3), and nine samples (60%) yielded Aspergillus
flavus, and the rest samples were contaminated with
Aspergillus niger (Table 4).

The samples which were collected from Al-Jazeera
state, notably from Al-Helalia city, showed positive results
to the chemical analysis in seven samples (46.67%) with
toxin concentration ranged from (36.70 pg/ Kg — 101.00
ng/ Kg (Table 5). The fungal isolated from these samples
showed that only six samples (40%) contained Aspergillus
flavus and the rest were contaminated with Aspergillus
niger (Table 6). The last location in Al-Jazeera state is Al-

Distance moved by solvent

Distance moved by compound

Origin of sample

Managel city; from this location five samples (33.33%)
showed positive in chemical analysis with toxin
concentration, ranging from (25.25 pg/ Kg - 80.80 pg/ Kg
(Table 7). These samples were also positive in
microbiological analysis and the others contained
Aspergillus niger (Table 8).

The thirty five samples (58.33%) from all the samples
(sixty samples) of stored peanut kernels were
contaminated with aflatoxin B, and all samples (ten
samples) after storage time of twenty four months were
positively in the chromatographical technique, but not in
microbiological analysis except for one sample. While the
73.33% (11 samples from 18) after twelve months storage
time showed positive result for chemical analysis, and
66.67% (10 samples) showed positive to the
microbiological analysis. In contrast, 35.71% (10 samples
from 28) of six months storage time were positive to the
chemical analysis and 39.29% (11 samples) were positive
in microbiological analysis. Seventy five percent (3
samples from 4) of two months storage time showed
positive in both chemical and microbiological analysis. All
samples which contained aflatoxin B; were visible after
spraying with 50% sulphuric acid as brown spots while the
others were detected as yellowish-brown spots.

Figure 1. The positive result of aflatoxin B, under U.V. light of stored peanut kernels with Rrequal 0.66.
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No of Storage
sample time/Months

1. 6

2. 6

3. 6

4. 6

5. 6

6. 24

7. 24

8. 24

9. 24
10. 24
11. 24
12. 24
13. 24
14. 24
15. 24

Table 1. Screening of aflatoxin B, (AFB;) in stored peanut kernels from Mayo city, Khartoum state.

No. of sample

1.

Table 2. Fungi isolated from stored peanut kernels collected from Mayo city, Khartoum state.
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Weight of
extract/g

0.60
0.80
0.90
0.30
0.60
2.20
1.20
1.90
1.70
1.90
0.80
1.20
1.80
1.90
230

R¢

0.61
0.61
0.70
0.67
0.69
0.61
0.66
0.66
0.58
0.45
0.55
0.55
0.55
0.50
0.53

R = Retention Fa

Fungi isolated
Aspergillus flavus
Aspergillus flavus
Aspergillus flavus
Aspergillus flavus
Aspergillus flavus
Aspergillus niger
Aspergillus niger
Aspergillus niger
Aspergillus niger
Aspergillus niger
Aspergillus niger
Aspergillus niger
Aspergillus niger
Aspergillus niger

Aspergillus flavus

Conc. of AFB, Appearance under U.V
(ng/Kg) (650 nm wave length)
67.33 Fluorescent
50.50 Fluorescent
44.89 Fluorescent
134.66 Fluorescent
67.33 Fluorescent
18.36 Fluorescent
33.67 Fluorescent
21.26 Fluorescent
23.76 Fluorescent
21.26 Fluorescent
50.50 Fluorescent
33.67 Fluorescent
22.44 Fluorescent
21.26 Fluorescent
17.57 Fluorescent

Visual color

Brown
Brown
Brown
Brown
Brown
Brown
Brown
Brown
Brown
Brown
Brown
Brown
Brown
Brown

Brown



No of Storage
sample time/Months
1. 12
2. 12
3. 12
4. 12
5. 12
6. 12
7. 12
8. 2
9. 2
10. 2
11. 2
12. 6
13. 6
14. 6
15. 6
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Table 3. Screening of aflatoxin B, in stored peanut kernels from Umbaddah city, Khartoum state.

Table 4. Fungi isolated from stored peanut kernels collected from Umbaddah city, Khartoum state.

No. of sample
1.
2.
3.

Weight of
extract/g

0.50
0.30
0.40
0.30
0.70
0.60
0.70
0.90
0.60
0.90
0.10
1.00
0.50
1.00
0.10

f

0.66
0.70
0.70
0.00
0.66
0.48
0.89
0.82
0.78
0.71
0.67
0.00
0.00
0.00
0.00

R = Retention Factor.

Fungi isolated
Aspergillus flavus
Aspergillus flavus
Aspergillus flavus
Aspergillus niger
Aspergillus flavus
Aspergillus flavus
Aspergillus niger
Aspergillus niger
Aspergillus flavus
Aspergillus flavus
Aspergillus flavus
Aspergillus niger
Aspergillus flavus
Aspergillus niger

Aspergillus niger

Conc. of AFB, Appearance under U.V

(ng/Kg) (650 nm wave length)
80.80 Fluorescent
134.66 Fluorescent
101.00 Fluorescent
0.00 Fluorescent
57.71 Fluorescent
67.33 Fluorescent
0.00 Fluorescent
0.00 Fluorescent
67.33 Fluorescent
44.89 Fluorescent
404.00 Fluorescent
0.00 Inflorescent
0.00 Inflorescent
0.00 Inflorescent
0.00 Inflorescent

Visual color

Brown
Brown
Brown
Brown
Brown
Brown
Yellow
Yellow
Brown
Brown
Brown
Yellow
Yellow
Yellow

Yellow
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No of Storage
sample time/Months
1. 6
2. 12
3. 12
4. 12
5. 12
6. 12
7. 12
8. 12
9. 12
10. 12
11. 12
12. 12
13. 6
14. 6
15. 6

Table 5. Screening of aflatoxin B, in stored peanut kernels from Al-Helalia city, Al-Jazeera state.

Table 6. Fungi isolated from stored peanut kernels collected from Al-Helalia city, Al-Jazeera state.

No. of sample
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Weight of
extract/g

0.30
1.00
1.00
1.10
1.10
1.00
0.80
1.00

0.90
1.30
1.30
0.40
0.20
0.30

R¢

0.00
0.71
0.71
0.71
0.71
0.71
0.66
0.87
0.87
0.9
0.97
0.97
0.78
0.00
0.00

R = Retention Factor.

Fungi isolated

Aspergillus flavus

Aspergillus flavus

Aspergillus flavus

Aspergillus flavus

Aspergillus flavus

Aspergillus flavus

Aspergillus niger

Aspergillus niger

Aspergillus niger

Aspergillus niger

Aspergillus niger

Aspergillus niger

Aspergillus niger

Aspergillus niger

Aspergillus niger

Conc. of AFB, Appearance under U.V
(ng/Kg) (650 nm wave length)
0.00 Inflorescent
40.40 Fluorescent
40.40 Fluorescent
36.70 Fluorescent
36.70 Fluorescent
40.40 Fluorescent
50.50 Fluorescent
0.00 Fluorescent
0.00 Fluorescent
0.00 Fluorescent
0.00 Fluorescent
0.00 Fluorescent
101.00 Fluorescent
0.00 Inflorescent
0.00 Inflorescent

Visual color

Yellow
Brown
Brown
Brown
Brown
Brown
Brown
Yellow
Yellow
Yellow
Yellow
Yellow
Brown
Yellow
Yellow
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Table 7. Screening of aflatoxin B, in stored peanut kernels from Al-Managel city, Al-Jazeera state.

No of Storage Weight of R¢ Conc. of AFB;, Appearance under U.V Visual color
sample time/Months extract/g (ng/Kg) (650 nm wave length)

1. 6 1.00 1.03 0.00 Fluorescent Yellow
2. 6 1.00 0.71 40.40 Fluorescent Brown
3. 6 1.60 0.77 25.25 Fluorescent Brown
4. 6 1.00 0.75 40.40 Fluorescent Brown
5. 6 1.20 0.81 0.00 Fluorescent Yellow
6. 6 1.00 0.78 40.40 Fluorescent Brown
7. 6 0.50 0.69 80.80 Fluorescent Brown
8. 6 1.30 0.82 0.00 Fluorescent Yellow
9. 6 1.40 0.88 0.00 Fluorescent Yellow
10. 6 1.60 0.88 0.00 Fluorescent Yellow
11. 6 1.70 0.91 0.00 Fluorescent Yellow
12. 6 0.60 0.88 0.00 Fluorescent Yellow
13. 6 0.40 0.00 0.00 Inflorescent Yellow
14. 6 0.20 0.00 0.00 Inflorescent Yellow
15. 6 0.30 0.00 0.00 Inflorescent Yellow

R = Retention Factor.

Table 8. Fungi isolated from stored peanut kernels collected from Al-Managel city, Al-Jazeera state.

No. of sample

1.

Fungi isolated

Aspergillus niger
Aspergillus flavus
Aspergillus flavus
Aspergillus flavus
Aspergillus niger
Aspergillus flavus
Aspergillus flavus
Aspergillus niger
Aspergillus niger
Aspergillus niger
Aspergillus niger
Aspergillus niger
Aspergillus niger
Aspergillus niger

Aspergillus niger

4. Discussion

This study demonstrated the wide contamination
frequency with aflatoxin in peanut samples from different
locations in Sudan. Levels of aflatoxin were high in most
locations. These results are similar to those obtained by
Lund et al. (2000) who reported that the 27 samples
(23.5%) of peanut and peanut products of one hundred and

fifteen (27/115) showed positive to aflatoxin B; with a
range of (1.6 — 26.0 pg/ Kg). This range is similar to the
twenty two samples (18.33%) of the one hundred and
twenty samples of peanut and peanut butter studied in this
study. Also Suliman et al. (2007) reported that the 73/145
(50%) stored peanut kernels showed positive to aflatoxin
B, with ranges of (0.8 — 547.5 pg/ Kg); this resembles the
range shown in our study (13.47 — 404.00 pg/ Kg).
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A survey done in Philippines on peanut-based products
revealed that 60% of the samples were positive for
aflatoxin B; in range of 1.00 - 244 ng/ Kg (Ali et al.,
1999). In addition, there are several surveys that show a
relatively lower level of contamination of aflatoxin B; in
peanuts and their products. Siame et al., (1998) who did a
study in Botswana, Africa, reported that the levels of
aflatoxin B, in a range of (0.8 — 16.00 pg/ Kg) for the raw
shelled peanut samples and for peanut butter were (3.2 —
16.00 pg/ Kg). In Tokyo, Japan, Tabata et al., (1993)
found that several peanut products were contaminated by
aflatoxin B in a range of (0.4 — 21.7 pg/ Kg).

According to Ali et al. (1999), when the initial content
of aflatoxin was high in the raw shelled peanut, a high
level of aflatoxin contamination can be expected in its
final products such as peanut candy and peanut butter. 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 peanut) that
contain an acceptable low initial level of aflatoxin.
Besides, various peanut 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 (Yazdanpanah et al.,
2005).

The percentage of samples (53.33%) for the
occurrence of aflatoxin B; in this survey was almost
similarr to that in several previous studies such as Ali,
(2000) who reported the contamination of aflatoxin B, in
56% of raw peanut samples, 50% of peanut butter samples,
and 50% of other peanut products samples.

5. Conclusion

The levels of aflatoxin B; contamination in stored
peanut kernel samples, collected from Mayo city,
Umbaddah city, Al-Helalia city, and Al-Managel city in
Sudan were very high and exceeded the maximum
permitted levels according to the WHO/FAO food
regulations of 1996, but not all the samples that showed
positive results to chemical analysis contained Aspergillus
flavus.

Acknowledgement
Many thanks and deep gratitude are due to all members
of the Department of Microbiology and Molecular

Biology, Faculty of Science & Technology, Al-Neelain
University, Khartoum-Sudan.

References

Ali N. 2000. Aflatoxin in Malaysian Food. J. of Myco; 50: 31 —
35.

Ali N Hashim N and Yoshizawa T. 1999. Evaluation and
Application of a simple and rapid method for the analysis of
aflatoxins in commercial foods from Malaysia and the Philippines.
Food Addit. Contam. J. 16: 273 — 280.

Allen H. 2003. Aflatoxin: an Occasional Contaminant of Feed
Grains. Animal and Poultry Sciences, Virginia, USA.

Anon A. 1989. Mycotoxins, Economic and Health Risks. Council
for Agricultural Science and Technology; Report No. 116. Pp. 91.

Association of Official Analytical Chemist. 1999. Official
methods of analysis of the AOAC. 15" ed. pp. 1185-1201.

Bhat R Vasanthi S Nageswara R Sudershan R Nagaraja K Girija
Bai R Krishna P Vanchinthan S Roy R Saha S Mukherjee A
Ghosh P Toteja G and Saxena B. 1997. Aflatoxin B,
contamination in maize samples collected from different
geographical regions of India: A multi - centre study. Food Addit.
Contam. 14: 151 — 156.

Bhat R Vasanthi S Nageswara R Sudershan R Nagaraja K Girija
Bai R Krishna P Vanchinthan S Roy R Saha S Mukherjee A
Ghosh P Toteja G and Saxena B. 1996. Aflatoxin B,
contamination in maize samples collected from different
geographical regions of India: A multi - centre study. Food Addit.
Contam. 13: 325 —331.

Cheesbrough M. 1984. Medical laboratory manual for tropical
countries, 5" ed. Great Britain at the University Press,
Cambridge.

Hayate S and Idris A. 2000. Soil Microbiology Practical, 1* ed.
Khartoum Univ. Printing Press, pp 24-25.

Liu R Yang Q Dusanee T and Prapimpuk T. 2005. Biocontrol of
Aspergillus flavus and Aflatoxin Production. Harbin Institute of
Technology, China; Pp. 2.

Lund B Parker T and Gould G. 2000 The Microbiological and
Safety and Quality of Food:" Toxigenic Fungi and Mycotoxins",
Aspen. Inc. Pub. Hong Kong. 53: 1490- 1517.

Sanz P Reig R and Piquers J. 1989. Role of glycosylation in the
incorporation of intrinsic mannoprotein into cell walls of
Saccharomyces cervisiae. Mycopathologia; 108: 226-237.

Siame B Mpuchane S Gashe B Allotey J and Teffera G. 1998.
Occurrence of aflatoxins, fumonisin B, and zearalenone in foods
and feeds in Botswana. J. of Food Protec. 61: 1670 — 1673.

Suliman M Yee C Hamid A and Yatim A. 2007. The Occurrence
of Aflatoxin in Raw Shelled Peanut Samples from Three District
of Peark, Malaysia, Elec. J. of Envio. Agri. and Food Chemi. 6(5):
2045 —2052.

Tabata S Kamimura H Ibe A Hashimoto H Lida M Tamura Y and
Nishima T. 1993. Aflatoxin contamination in foods and
foodstuffs in Tokyo: 1986-1990. J. of AOAC Inter. 76: 32 — 35.

Wright GC Lamb DW and Medway J. 2002. Application of aerial
remote sensing technology for the identification of aflatoxin
affected areas in peanut fields. Brisbane, Australia.

Yazdanpanah H Mohammadi T Abdouhossain G and Cheraghali.
A. 2005. Effect of roasting on degradation of aflatoxins in
contaminated pistachio nuts. Food and Chemi. Toxicol. J. 43:
1135-1139.



