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INTRODUCTION  
Groundnut (Arachis Hypogaea) is an oleaginous 
plant belonging to the Arachis kind, of the family 
of Fabaceae which includes the majority of 
leguminous seeds and having a high importance 
economic and nutritive1-2. It is a tropical plant 
originating in South America which was 
introduced in Africa, Asia and Europe3-4. 
Groundnut is the fifth culture among the most 
significant oilseeds in the world5, the second 
edible source of oil6, the third significant source 
of plant proteins and the twelfth vegetable 
production in the world7. It is cultivated on 
25,44 million hectares in the world for a 
production estimated at 45,22 million tons and 
an average productivity of 1,8 ton per hectare in 
20138. After Asia, first producing continent, with 
China and India respectively 13 and 9 million 

tons of production, the African continent 
occupies the second place with 10 million tons. 
The production of the Côte d’Ivoire records a 
constant progression of 81 thousand tons in 
2008, with 93,5 thousand tons in 20129. 
Groundnut constitutes a major annual oilseed 
crop and a good source of protein containing 
high lysine content which makes it a good 
complement for cereal10. The proximate 
biochemical composition of mature groundnut 
seeds is per 100 g edible portion: moisture (6.5 
g), protein (25.8 g), lipids (49.2 g), carbohydrate 
(16.1 g), dietary fibre (8.5 g), calcium (92 mg), 
magnesium (168 mg), phosphorus (376 mg) and 
iron (4.6 mg)11. However, groundnut contains 
some anti-nutritional factors such as phytic acid, 
condensed tannins, trypsin and amylase 
inhibitor, that may limit their usage and 
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ABSTRACT 
The aim of this work was to contribute to the food safety of Ivorian consumers by investigating the 
proximate composition and the toxic fungal contamination of the groundnut paste offered for retail 
sale on the different markets of Abidjan. Groundnut paste samples (225) were collected from the 
main markets of the 9 communes of Abidjan town and their physicochemical and mycological 
characteristics were determined. Statistical analyses were performed on the data obtained. Mean 
proximate composition was as follow: moisture (1.23 – 4.50 %), pH (6.26 – 6.72), titratable acidity 
(10.33 – 17.33 meq/100 g), ash (4.67 – 5.82 %), crude fibre (5 – 5.63 %), protein (23.33 – 28.58 
%), lipids (42.58 – 49.32 %), carbohydrate (17.29 – 23.92 %) and energy (570.66 – 625.92 
kcal/100 g). The total fungi isolated ranged from 2.7 x 10

5
 to 1.2 x 10

6
 CFU/g. Eight (8) genera of 

fungi were isolated: Mucor, Alternaria, Helmintosporium, Geotrichum, Fusarium, Cladosporium, 
oldbbPenicillium and Aspergillus. The predominant fungi belonged to Aspergillus genus (86.67 %) 
followed by Penicillium (70.37 %). The mycotoxigenic fungi were isolated with a frequency of 
49.63; 41.48; 53.33; 74.82 and 48.19 % for Aspergillus niger, Aspergillus versicolor, Aspergillus 
ochraceus, Aspergillus flavus and Aspergillus parasiticus, respectively. Groundnut paste sold in 
retail markets in Abidjan town are nutritive and could meet the dietary needs of the population. 
However, the presence of mycotoxigenic fungi represents a public health problem. 
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nutritional value12. Indeed, groundnuts are 
liable to fungal contamination during handling, 
storage and transportation, exposing them to 
the risk of contamination with aflatoxin13-14. 
Moreover, groundnuts can be contaminated 
with aflatoxin during pre- and post-harvest 
processing and the risk of contamination 
increases along the marketing chain due to poor 
handling practices15-16. The main aflatoxin 
producing fungi in groundnuts are Aspergillus 
flavus, Aspergillus parasiticus and Aspergillus 
nomius which mostly infect groundnuts as a 
complex17-18. According to19, aflatoxin produced 
by Aspergillus sp., has immunosuppressive 
effects and epidemiological studies have shown 
a positive correlation between aflatoxin intake 
and the incidence of liver cancer. 
Groundnut and its derivatives are often 
classified as street food which satisfies essential 
need of the urban population by being 
affordable and available20. Groundnuts seeds are 

eaten raw, boiled or roasted, made into butter or 
paste and are used for thickening soups21. 
Groundnut pastes is made by grinding dry 
roasted groundnuts into a paste22. Groundnuts 
are also used as major ingredients in the 
formulation of weaning food with other cereals 
such as sorghum, corn, and millets because of 
their high protein and omega 6 fatty acid 
contents23. In Côte d’Ivoire, the use of marketed 
groundnut paste in the confection of sauce is 
very popular among the urban population. 
Generally, groundnut paste is produced by 
traditional methods characterized by poor 
hygienic conditions. To our knowledge, there is 
no scientific data on physicochemical and 
microbiological quality of marketed groundnut 
paste. Therefore, the aim of this work is to 
assess the physicochemical properties and the 
level of toxic fungal contamination of groundnut 
paste sold in retail markets. 

 
 
 
 
MATERIALS AND METHODS  

 
Fig. 1: Site of taking away of the groundnut pastes 
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Sample collection 
Groundnut pastes (Figure 1) were collected for 
6 month (June to December 2012) in the main 
markets of the 9 communes of Abidjan (Côte 
d’Ivoire): Abobo, Adjamé, Attécoubé, Cocody, 
Koumassi, Marcory, Port-Bouet, Treichville, 
Yopougon identified as AB, AD, AT, C, K, M, P, T 
and Y. A total of 225 samples used for analysis 
were obtained as follow: groundnut pastes were 
randomly and aseptically collected from 
different sellers in each market and immediately 
transported in icebox (4°C) to the laboratory. 
 
Physicochemical analysis 
Proximate analysis was carried out using the24 
standard methods. The moisture content was 
determined by the difference of weight before 
and after drying the sample in an oven 
(MEMMERT, Germany) at 105°C until constant 
weight. Ash fraction was determined by the 
incineration of dried sample (5 g) in a muffle 
furnace (PYROLABO, France) at 550°C for 12 h. 
The percentage residue weight was expressed as 
ash content. pH and titratable acidity were 
determined as follow: 10 g of groundnut paste 
sample was homogenized with 100 mL of 
distilled water and then filtered. The pH value 
was recorded after the electrode of pH-meter 
(HANNA, Spain) was immersed into the filtered 
solution. The filtered solution was titrated to the 
end point with sodium hydroxide solution 0.1 N 
and phenolphthalein as indicator. Crude fibre 
was determined by the formula of25: 2 g of 
sample were weighed into separate 500 mL 
round bottom flasks and 100 mL of 0.25 M 
sulphuric acid solution was added. The mixture 
obtained was boiled under reflux for 30 min. 
Thereafter, 100 mL of 0.3 M sodium hydroxide 
solution was added and the mixture were boiled 
again under reflux for 30 min and filtered under 
suction. The insoluble residue was washed with 
hot water and dried to a constant weight in an 
oven (MEMMERT, Germany) at 100ºC for 2 h, 
cooled in desiccator and weighed. The weighed 
sample was then incinerated, and weighed for 
the determination of crude fibre content. 
Proteins were determined through the Kjeldhal 
method and the lipid content was determined by 
Soxhlet extraction using hexane as solvent. Total 
carbohydrate was determined by the formula 
of26: 100 – (% moisture + % protein + % fat + % 
ash). The calorific value (energy) was calculated 
as follow: (protein x 4) + (carbohydrate x 4) + 
(lipid x 9). The results of ash, fibre, protein, lipid 
and carbohydrate contents were expressed on 
dry weight basis. 
 
 
 

Mycological analysis 
The isolation of fungi was carried out according 
to the agar dilution method as described by27. 
Ten (10) gram from each groundnut paste 
sample, were homogenized with 90 mL of buffer 
peptone water (AES Laboratory, France) and 
serial decimal dilutions (10-1 to 10-4) were 
performed. Fungal species were isolated on the 
semi selective Dichloran Rose Bengal 
Chloramphenicol (DRBC) agar (Biokar 
Diagnostics, France). The medium was poured 
into sterile Petri dish and 0.1 mL of each sample 
suspension was spread-plated onto the DRBC 
agar in triplicate. The plates were incubated for 
5 to 7 days at 25°C. Fungal isolates were sub-
cultured on Malt Extract and Czapek Yeast 
medium agars (Oxoid, UK) and incubated for 5 
to 7 days at 25°C for purification. Fungi were 
identified by using taxonomic schemes based on 
microscopic observation and culture appearance 
including colonies colours, texture, reverse 
colour, hyphae arrangement, conidia shape and 
nature of spores28-29. For the differentiation 
between Aspergillus parasiticus and Aspergillus 
flavus colonies, AFPA agar (Oxoid, UK) 
supplemented with chloramphenicol, was used. 
The total fungal count for each plate was 
expressed as colony-forming units per gram of 
sample (CFU/g). Each genus or specie identified 
was then expressed as percentage (%) of the 
total isolated fungi.  
 
Statistical analysis 
All the analyses were performed in triplicate 
and the data were analyzed using EXCELL and 
STATISTICA 7.1 (StatSoft). Differences between 
means were evaluated by Duncan’s test. A 
significance difference was established at  = 
0.05. 
 
RESULTS AND DISCUSSION 
Physicochemical properties 
The physicochemical composition of groundnut 
pastes samples tested is shown in table 1. All 
the parameters generally showed significant 
difference (p < 0.05) except for ash, fibre and 
protein content of groundnut pastes samples. 
The lowest value of moisture content was 1.23 ± 
0.20 % for the commune C while the highest 
value was 4.30 ± 0.20 % for the commune AB. 
These values are lower than that (7.48 %) of 
raw groundnut seeds30 and this fact could be 
explained by the decrease of moisture content 
during the roasting which is an important step 
of groundnut paste processing21. pH values of 
the marketed groundnut paste ranged from 6.26 
to 6.72 and these values are comparable to those 
(6.3 - 6.5) reported by31. These values were also 
positively correlated with the titratable acidity 
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ranged from 10.33 to 17.33 meq/100 g.  The 
mean value for ash (4.67 – 5.82 % %) found is 
this study was higher than that (3.4 %) of raw 
peanut seeds indicated by1. Indeed30 stated that 
roasted groundnut, used for groundnut paste 
manufacturing, was more advantageous in 
mineral content than the raw ones. The average 
crude fibre content in this results (5 – 5.63 %), 
indicate an ability of groundnut paste to 
maintain a normal intestinal tract because diet 
low in crude fibre may cause constipation and 
colon diseases. In view to their protein content 
(23.33 – 28.58 %), the studied groundnut pastes 
could be considered as a valuable source of 
protein in improving the nutrition status of 
humans32. In addition, the lipid content of the 
marketed groundnut paste falls within the range 
(42.58 – 49.32 %) reported by33 for groundnut 
paste prepared with two Nigerian cultivars of 
Arachis hypogea. This result suggested that 
groundnut it is an interesting oleaginous crop 
for which the implementation should result in 
the economic well-being of rural people. Lipids 
also play a nutritionally role in providing 
essential fatty acids for humans. The relatively 
highest values of energy (570.66 – 625.92 
kcal/100 g) of groundnut pastes samples 
analyzed in this study may be attributed to the 
highest values of their protein and fat contents. 
Moreover, these energy levels could cover the 
recommended energy for an adult, which is 
estimated to 800 kcal per day34. 
 
Fungal contamination 
The fungal count of groundnut pastes, collected 
from markets, is given in table 2. The mycoflora 
was mainly represented by eight genera: Mucor, 
Alternaria, Helmintosporium, Geotrichum, 
Fusarium, Cladosporium, Penicillium and 
Aspergillus (Table 2). The predominant fungi 
belonged to Aspergillus genus (86.67 %) and 
Penicillium (70.37 %) (Figure 2). In addition, 
Aspergillus strains were isolated from all the 
samples analyzed whatever the commune. The 
groundnut pastes samples collected from Port-
Bouet were more contaminated with 
Helmintosporium (44.44 %) and Geotrichum 
(25.95 %) while those collected from Treichville 
were more contaminated with Alternaria (31.11 
%) and Fusarium (26.66 %). The highest 
occurrence of Mucor (30.23 %) was noted for 
the samples collected from Cocody. The total 

fungi count enumerated ranged from 104 to 106 
CFU/g with the highest value (1.2 x 106 CFU/g) 
for the samples collected from Attécoubé. Other 
studies made in Kenya, Benin and Mali, have 
also revealed the occurrence of Aspergillus, 
Fusarium and Penicillium in groundnut pastes 
and other groundnut products35-36. The presence 
of Aspergillus sp. implies a risk of mycotoxin 
production and represent a health risk for the 
consumers37. According to38, the mycotoxins 
produced by Aspergillus sp. include aflatoxins 
and ochratoxin A (OTA). Among the mycotoxins, 
aflatoxins produced by Aspergillus flavus, 
Aspergillus parasiticus and Aspergillus nomius 
are natural carcinogenic compound causing 
mutation39.  
The contamination level of the toxigenic flavi 
fungi is depicted by the figure 3. The highest 
occurrence of these fungi were 49.63; 41.48; 
53.33; 74.82 and 48.19 % for A. niger, A. 
versicolor, A. ochraceus, A.  flavus and A. 
parasiticus, respectively. The observed fungi 
contamination of the studied groundnut pastes 
exposing the consumers to a potential risk of 
acquiring food borne disease. Indeed, food 
borne illnesses of microbial origin are a major 
international health problem associated to food 
safety in developing countries40. The high 
susceptibility of groundnut contamination is 
mainly due to their nutritional content, useful to 
numerous fungi. Contamination of street-vended 
food such as groundnut paste has been 
attributed to exposure to polluted environment, 
poor sanitation and poor hygienic practices by 
the vendors41. There have been several 
suggested interventions to improve the hygiene 
of street foods such as groundnut paste. 
 
CONCLUSION 
The studied groundnut pastes sold in retail 
markets of Abidjan town are nutritive and could 
meet the dietary needs of the population when 
consumed with other foods. Indeed, these 
groundnut pastes constitute a valuable sources 
of protein, fat, crude fibre and minerals. 
However, the presence of toxigenic fungi as 
Aspergillus flavus, Aspergillus ochraceus and 
Aspergillus parasiticus in these groundnut 
products highlight a potential public health 
problem concerning the consumption by the 
consumers.  
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Table 1: Proximate composition of groundnut paste 
 samples sold in retail markets of Abidjan town 

Parameters 
Communes investigated 

AB (n=5) AD (n=5) AT (n=5) C (n=5) K (n=5) M (n=5) P (n=5) T (n=5) Y (n=5) 

Moisture (%) 4.17b±0.20 3.20a±0.20 4.30b±0.20 1.23d±0.20 2.37c±0.30 2.87a±0.06 2.43c±0.11 1.53d±0.11 4.17b±0.25 

pH 6.72g±0.00 6.67a±0.01 6.69f±0.00 6.66a±0.01 6.44d±0.00 6.40c±0.01 6.26b±0.01 6.58e±0.01 6.70f±0.01 

Acidity 
(meq/100g) 

17.33a±1.15 15.30ac±1.15 16.67a±1.15 15.33ac±1.15 12.31b±1.15 11.30b±1.15 10.33b±1.15 14.63bc±1.15 17.30a±1.15 

Ash (%) 5.67a±0.80 4.67a±0.60 4.87a±0.60 5.16a±1.00 5.50a±1.20 5.82a±1.16 5.61a±0.80 4.86a±1.00 5.47a±1.31 
Fibre (%) 5.47a±0.50 5.33a±0.60 5.00a±0.00 5.63a±1.14 5.15a±0.28 5.15a±0.28 5.00a±0.00 5.47a±0.50 5.31a±0.50 

Fat (%) 49.32c±0.34 47.37ab±0.52 49.03bc±0.49 46.12a±0.43 47.12a±0.78 47.28ab±0.86 42.58d±0.93 49.03bc±0.87 47.39ab±0.97 
Protein (%) 26.54ab±2.53 26.55ab±1.34 24.79ab±1.34 27.42ab±0.51 25.67ab±1.34 23.92a±1.34 23.33a±2.20 28.58b±2.20 25.96ab±2.20 

Carbohydrate 
(%) 

17.29c±2.87 21.40a±1.87 21.55a±1.34 22.66b±1.45 19.84e±1.30 21.24a±2.21 23.92a±2.28 22.52b±3.08 18.95d±3.18 

Energy 
(kcal/100g) 

619.90h±24.66 617.85g±17.56 625.70a±15.15 609.97c±13.78 613.47e±14.27 613.06d±21.94 590.66b±22.89 625.92a±29.01 615.26f±30.24 

Data are represented as means ± SD (n=3). Mean with different letters in the same row are statistically different (p < 0.05) according 
to Duncan’s test. 
AB: Abobo, AD: Adjamé, AT: Attécoubé, C: Cocody, K: Koumassi, M: Marcory, P: Port-Bouet, T: Treichville, Y: Yopougon. 

 

 

 

 

 

 

 

 

 

 

 

Table 2: Genera of fungi isolated from groundnut 
 paste samples sold in retail markets of Abidjan town 

Fungi isolates (%) 
Communes investigated 

AB (n=5) AD (n=5) AT (n=5) C (n=5) K (n=5) M (n=5) P (n=5) T (n=5) Y (n=5) 

Mucor 6.00a±1.00 5.80b±0.80 7.70c±0.80 30.23d±2.50 0.00g±0.00 10.80b±0.80 7.41c±0.80 13.34e±0.80 9.10f±0.80 

Alternaria 17.00a±1.00 21.32b±1.00 11.11c±0.80 0.00g±0.00 18.29d±1.00 0.00g±0.00 0.00g±0.00 31.11e±2.50 20.45f±1.00 

Helmintosporium 6.00a±0.00 0.00d±0.00 13.67b±1.00 6.98a±1.00 0.00d±0.00 0.00d±0.00 44.44c±3.00 0.00d±0.00 7.95a±1.00 

Geotrichum 0.00g±0.00 12.63a±1.00 15.38b±1.00 0.00g±0.00 0.00g±0.00 8.12c±1.00 25.93d±2.00 6.67e±1.00 3.41f±0.00 

Fusarium 5.00a±0.00 4.46d±0.00 0.00d±0.00 0.00d±0.00 15.85b±1.00 0.00d±0.00 0.00d±0.00 26.66c±1.00 0.00d±0.00 

Cladosporium 3.00a±0.00 0.00d±0.00 6.84b±1.00 0.00d±0.00 7.32c±1.00 0.00d±0.00 0.00d±0.00 0.00d±0.00 0.00d±0.00 

Penicillium 28.00a±1.00 33.68b±2.50 18.80c±1.00 39.54d±2.00 31.71b±2.00 32.43b±2.00 0.00f±0.00 0.00f±0.00 27.27e±2.00 

Aspergillus 35.00a±2.50 22.11b±1.00 26.50c±1.00 23.25d±1.00 26.83e±1.00 48.65f±3.00 22.22g±2.00 22.22g±2.00 31.82h±2.00 

Total  
(CFU/g X 104) 

100a±5.00 95b±5.00 120c±5.00 43d±3.00 82e±3.00 37f±3.00 27g±2.00 45h±3.00 88i±3.00 

Data are represented as means ± SD (n=3). Mean with different letters in the same row are statistically different (p < 0.05) according 
to Duncan’s test. 
AB: Abobo, AD: Adjamé, AT: Attécoubé, C: Cocody, K: Koumassi, M: Marcory, P: Port-Bouet, T: Treichville, Y: Yopougon. 
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Fig. 2: Frequency of isolation fungal from groundnut pastes 

 samples sold in retail markets of Abidjan town 

 
 
 
 
 

 
Fig. 3: Frequency of isolation of fungic species of Aspergillus  

from groundnut pastes samples sold in retail markets of Abidjan town 



IJPCBS 2017, 7(4), 327-334                              Zamble A Boli et al.                     ISSN: 2249-9504 
                    

333 

REFERENCES 
1. Eke-Ejiofor J, Kiin-Kabari DB and 

Chukwu CE. Effect of processing method 
on the proximate, mineral and fungi 
properties of groundnut (Arachis 
hypogea). Seed Journal of Agricultural 
and Biological Science. 2012;3:257-261. 

2. Noba K, Ngom A, Guèye M, Bassène C, 
Kane M, Diop L, Ndoye F, Mbaye MS and 
Kane A et Ba AT. L’arachide au Sénégal : 
état des lieux, contraints et perspectives 
pour la relance de la filière. Oilseeds 
Crpos and Lipids Journal Organisation. 
2014;21(2):1-5. 

3.  Jarvis A, Ferguson ME, Williams DE, 
Guarino L, Jones PG, Stalker HT, Valls 
JFM, Pittman RN and Simpson CE et 
Bramel P. Biogeography of Wild 
Arachis. Assessing Conservation Status 
and Setting Future Priorities. Crop 
Science. 2003;43:1100-1108. 

4. Ferguson ME, Jarvis A, Stalker HT, 
Williams DE, Guarino L, Valls JFM, 
Pittman RN and Bramel PJ. 
Biogeography of wild Arachis 
(Leguminosae): distribution and 
environmental characterisation. 
Biodiversity and Conservation. 
2005;14:1777-1798. 

5. Sanginga N et Bergvinson D. Un plan 
d’action pour la transformation de 
l’agriculture africaine. Oléagineux et 
Niébé. 2015;27. 

6. Knoden JL, Dufour L et Bindelle J. 
Fabrication de beurre de cacahuète, 
Collection Manuels et Techniques, 
Belgique. 2003; p. 14. 

7. FAOSTAT, Production data. Available 
online at : http://faostat.fao.org. 
Accessed at September 15, 2008. 
(General Internet site) 

8. FAOSTAT, Statistical databases. 
Available online at : 
http://www.fao.org. Accessed at 
December 26, 2014. (General Internet 
site) 

9. DSDI/MINAGRI, Direction des 
Statistiques, de la Documentation et de 
l’Informatique/Ministère de 
l’Agriculture (Côte d’Ivoire). Annuaire 
des Statistiques Agricoles. 2012; Edition 
2010-2012 ;63. 

10. Okaka JC. Handling, storage and 
processing of plant foods. Academic 
publisher, Nigeria, 2005. pp. 250-270. 

11. USDA. Nutrient database. 2010; 
Retrieved from www.nal.usda.gov/fnic/ 
foodcomp. 

12. Njintang YN, Mbofung CMF and 
Waldron KW. In vitro protein 
digestibility and physicochemical 
properties of dry red bean flour: Effect 
of processing and incorporation of 
soybean and cowpea flour. Food 
Chemistry. 2001;49:2465-2471. 

13. Polixeni V and Panagiota M. Aflatoxin 
B1 and ochratoxin A. In breakfast 
cereals from Athens market: 
Occurrence and risk assessment. 2008; 
Department of chemistry, University of 
Athens, Panepistimiopolis, 15784 
Athens, Greece. 

14. Mutegi CK, Ngugi HK, Hendriks SL and 
Jones RB. Factors associated with the 
incidence of Aspergillus section Flavi 
and aflatoxin contamination of peanuts 
in the Busia and Homa bay districts of 
western Kenya. Plant Pathology. 
2012;61:1143-1153. 

15. Kladpan S, Mahakachanakul W, 
Yongmanitchai V, Boonyaratanakornkit 
M and Chinbuti A. Situation of aflatoxin 
contamination in groundnut products in 
Thailand. Proceedings of the 43rd 
Kasetsart University annual conference. 
2004;557-564. 

16. Kaaya AN, Harris C and Eigel W. Peanut 
aflatoxin levels on farms and in markets 
of Uganda. Peanut Science. 2006;33:68-
75. 

17. CAST. Mycotoxins: Economic and health 
risks. Task force report 116. Council of 
Agricultural Science and Technology. 
1989; Ames, IA. 

18. Varga J, Frisvad JC and Samson RA. Two 
new aflatoxin producing species and an 
overview of Aspergillus section Flavi. 
Studies in Mycology. 2012;69:57-80. 

19. IARC. Some traditional herbal medicines 
some mycotoxins, naphthalene and 
styrene. IARC monographs on the 
evaluation of carcinogenic risks to 
humans. 2002;82:171-274. 

20. Donkor ES, Kayang BB, Quaye J and 
Akyeh ML. Application of the WHO keys 
of safer food to improve food handling 
practices of food vendors in a poor 
resource community in Ghana. 
International Journal of Environmental 
Research and Public Health. 
2009;6:2833-2842. 

21. Campos-Mondragón MG, Calderón AM, 
Durán-Prado A, Campos-Reyes LC, 
Oliart-Ros RM, Ortega-García J, Medina-
Juárez LA and Angulo O. Nutritional 
composition of new peanut (Arachis 

http://faostat.fao.org/
http://www.nal.usda.gov/fnic/


IJPCBS 2017, 7(4), 327-334                              Zamble A Boli et al.                     ISSN: 2249-9504 
                    

334 

hypogaea L.) cultivars. Grasas Y Aceites. 
2009;60:161-167. 

22. Mutegi CK, Ngugi HK, Hendriks SL and 
Jones RB. Prevalence and factors 
associated with aflatoxin contamination 
of peanuts from Kenya. International 
Journal of Food Microbiology. 
2009;130:27-34. 

23. Iro N, Iliyas A and Tato A. Studies on the 
preparation and nutrient composition 
of Kunu Gyado. A traditional Nigerian-
groundnut-cereal based weaning food. 
Food Nutrition Bulletin. 1995;16: 238-
240. 

24. AOAC. Official Methods of Analysis of 
the Association of Analytical Chemists. 
1990; 17th Edition. Washington, DC, 
USA. 

25. Wolf. Manuel d’analyses des corps gras. 
1968; Azoulay Ed., Paris, France, 519p. 

26. FAO. Food energy-methods of analysis 
and conversion factors. 2002; FAO Ed, 
Rome, 97 p.  

27. Pitt JI, Hocking AD, Samson RA and King 
AD. Recommended methods for 
mycological examination of foods. In: 
Modern methods in food mycology. 
Elsevier, Amsterdam, Netherlands, 
1992;365-368. 

28. Botton B, Breton A, Fevre M, Gauthier S, 
Vayssier Y and Veau P. Moisissures 
utiles et nuisibles, importance 
industrielle. 1990; 2è Ed. Masson 
(Paris), 72.  

29. Pitt JI and Hocking AD. Fungi and Food 
spoilage. 1997; 2nd edn. Blackie 
Academic and Professional, London. 

30. Ayoola PP and Adeyeye A. Effect of 
heating on the chemical composition 
and the physicochemical properties of 
Arachis hypogea (groundnut) seed flour 
and oil. Pakistan Journal of Nutrition. 
2010; 9:751-754. 

31. FDA. Approximate pH of foods and food 
Products. 2007; US FDA/CFSAN. 13 p. 

32. FAO/WHO. Protein requirement in 
human nutrition. 2007; FAO Ed, 265 p. 

33. Makeri MU, Bala SM and Kassum AS. 
The effects of roasting temperatures on 

the rate of extraction and quality of 
locally-processed oil from two Nigerian 
peanut (Arachis hypogea L.) cultivars. 
African Journal of Food Science. 
2011;5:194-199. 

34. FAO. Energy and Protein Requirements. 
Report of a Joint FAO/WHO Expert 
Committee, FAO Nutrition Meetings 
Report Series. 1973; No. 52, Rome; 
WHO Technical Report Series No. 522, 
Geneva. 

35. Adjou ES, Dahouenon-Ahoussi E and 
Soumanou MM. Investigations on the 
mycoflora and processing effects on the 
nutritional quality of peanut (Arachis 
hypogea L. var. TS 32-1). Journal of 
Microbiology and Biotechnology Food 
Science. 2012;2:1025-1039.  

36. Ndung’u JW, Makokha AO, Onyango CA, 
Mutegi CK, Wagacha JM, Christie ME, 
and Wanjoya AK. Prevalence and 
potential for aflatoxin contamination in 
groundnuts and peanut butter from 
farmers and traders in Nairobi and 
Nyanza provinces of Kenya. Journal of 
Applied Bioscience. 2013;65:4922-
4934. 

37. Sultan Y and Magan N. Mycotoxigenic 
fungi in peanuts from different 
geographic regions of Egypt. Mycotoxin 
Research. 2010;26:133-140. 

38. Pittet A. Natural occurrence of 
mycotoxins in foods and feeds: an 
updated review. Revue Medicine 
Veterinary. 1998;149:479-492. 

39. Deng ZL and Ma Y. Aflatoxin sufferer 
and P53 gene mutation in 
hepatocellular carcinoma, World 
Journal of Gastroenterology. 1998;4:28-
32. 

40. WHO. WHO global strategy for food 
safety safer food for better health. 2002; 
World Health Organization, Geneva 
Switzerland. 

41. Mensah P, Yeboah-Manu D, Owusu-
Darko K and Ablordey A. Street foods in 
Accra,   Ghana: how safe are they? 
Bulletin of World Health Organization. 
2002;80:546-554. 

 


