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Abstract- Due to their nutritional quality and economic potential, peanut occupies a place of choice in 

the daily lives of congolese and requires special attention. This investigation reviews relevant research 

in the DRC and other countries on fungi and the mycotoxins they secrete in food, particularly in peanuts. 

Although incomplete, data show that Aspergillus is generally the fungal micro-organisms commonly 

contaminating peanuts marketed in the DRC and other countries. At the same time, the level of these 

toxins in peanuts is higher than the american aflatoxin standard (20 µgKg-1) and the european standard 

(4µgKg-1) and varies according to the different fractions : 10-54393 µgKg-1 of aflatoxin B1, 200-21092 

µgKg-1 of aflatoxins B2, 217-31029 µgKg-1 of aflatoxins G1 and 230-20193 µgKg-1 for aflatoxins G2. 

Aflatoxins are the mycotoxins most found in this food, especially since they are the most sought-after. 

Other toxigenic fungal species can also contaminate peanuts and excrete other mycotoxins such as 

ochratoxin A (OTA), beauvericin, cyclopiazonic acid, nivalenol, moniliformin, and others. The incidence 

characterizing the contamination of peanuts by mycotoxigenic species is governed by several 

environmental factors, the main ones being temperature and moisture. Tropical countries such as the 

DRC are preferred environments for food development and fungal contamination, especially peanut. 

Unfortunately, the DRC does not yet have a national policy for the monitoring of these contaminants 

and the health and economic impact is not yet known. 
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I. INTRODUCTION 

Groundnut (Arachis hypogaea L.) is the sixth most important oilseed crop in the world [1] [2]. It is cultivated 

in 96 countries around the world [1] and occupies a prominent place in the daily lives of congolese where it is 

a very important food and economic source for many households [3] [4]. Nutritionally, peanut contains sugars, 

fatty acids, vitamins, minerals, and proteins composed of essential amino acids (lysine, arginine, and 

methionine) [5] [6].  Peanuts are identified as very interesting as a food rich in nutrients in the Democratic 
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Republic of the Congo (DRC), where 43% of the population (children, pregnant and lactating women) promote 

chronic malnutrition, characterized by deficiencies in vitamin A and iron [7] [8] [9] [10]. 

Economically, groundnuts are a source of income for the rural-peasant population, which accounts for more 

than 80% of agricultural production. It is a cash crop and also an industrial one (oil extraction, feed with cakes). 

It is the most financially accessible and most marketed foodstuff (47%) ahead of corn (44%) and rice (36%). 

Particularly, it is sold in retail in smaller units (glasses, goblets, bottle caps, piles) for a derisory price. Annual 

production is estimated at 1.1 million tons, among which 800,000 tons are available on the national market 

[11] [12]. 

Peanuts are eaten in several forms (raw, boiled, or roasted) as a snack or appetizer at partis, cocktail parties, 

around a drink, or at any other occasion. Peanut paste, called “moambe” is obtained from the grinding of 

roasted peanut seeds and is used to season several dishes and to prepare peanut butter which is much 

appreciated especially when it accompanies bread. Hence there are several moambe recipes on the congolese 

menu: rice, chicken, caterpillars, vegetables, salted or smoked fish, etc. 

However, seeds (peanuts) are very sensitive to contamination by molds, some of which secrete mycotoxins, 

such as Aspergillus flavus. Moreover, the outbreak of current mycotoxicology started from the contamination 

of peanut cake by aflatoxins, the poisoning which caused the death of 100,000 turkeys in London in 1960. The 

disease that resulted was called the  ‘Turkey X’ disease [13]. This contamination can occur at any time, before 

or after harvest, drying, storage, transportation, or even during processing into by-products, thus causing 

changes in organoleptic and chemical characteristics, causing enormous agricultural production losses [14]. 

Mycotoxins are potentially dangerous for human and animal health by causing a great many pathological 

effects, in particular cancers, poisoning or organ function disorders, vomiting, etc. [15] [16] [17] [18] [19].  

According to the World Health Organisation (WHO), mycotoxins are responsible for approximately 600 

million cases of morbidity including 420,000 deaths worldwide. Children are the most vulnerable with more 

than 120,000 deaths per year. This situation constitutes a major public health problem, especially in low-

income countries [20], [21]. However, several cases of massive and even epidemic poisoning caused by the 

consumption of food contaminated with mycotoxins have been reported in humans and livestock around the 

world [13] [22].To date, approximately 4.5 billion people in developing countries are exposed to foodstuffs 

whose contamination by mycotoxins is not controlled [23]. 

 It’s the case of the DRC whose geographical position (climatic variability, temperature, and high humidity) 

also offers a very favorable environment for the growth and contamination of food, in particular, peanuts by 

mycotoxigenic fungi [15] [24]. Unfortunately, the country does not have a national policy for the management 

of food contaminants (mycotoxins and others) in order to protect the population. Very few studies and 

information are available on the mycotoxins that contaminate food, such as peanuts that the congolese 

population consumes [25] [26]. In recent years, groundnut research has been more geared towards varietal 

improvement with the aim of developing varieties tolerant to rosette and leaf spot, in order to reduce the 

considerable yield reductions caused by these diseases [7] [11]. 

In order to contribute to the improvement of the sanitary quality of food in the DRC, this review of the literature 

strives to gather and present available information on the current state of research on mycotoxins found in the 

groundnut marketed in the DRC. 

 

  2. WORK METHODOLOGY 

The documentary analysis was used as the methodological approach which was used to collect various data 

for 3 years, i.e. from 2019 to 2022. The various documents (articles, books, reviews, end-of-study dissertations, 

theses, reports, etc.) were compiled mainly from different websites (google search, google Scholar, research 

gate, etc.). Those containing necessary information relating to mycotoxins were downloaded and analyzed. 

Other documents were obtained from local university libraries (University of Kinshasa, National Pedagogical 

University, Catholic University of Congo). To be retained, the document should have at least information on 

food mycotoxins and especially peanuts produced and/or used in the DRC or even in other countries. A total 

of 71 documents were selected and collected for analysis. 
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3. NUTRITIONAL PEANUT CONSTITUENTS 

With the exception of oils, peanut contains many compounds that contribute to the maintenance and proper 

functioning of the body. It is composed of proteins, fibers, polyphenols, antioxidants, vitamins, and minerals 

which serve as enriching ingredients and are generally added to many processed foods. Other compounds like 

resveratrol, phenolic acids, flavonoids, and phytosterols are also present in peanuts. Peanut proteins are a good 

source of amino acids and co-enzyme Q10, with more large amounts of arginine, essential for animal organisms 

[5] [27].  

 

Table 1: Nutritional constituents per 100g of peanuts 

Nutrients Nutritional value Yields (%) 

Energy  567 Kcal 29 

Carbohydrate 16.13 g 12 

Proteins 25.85 g 46 

Total lipids 49.24 g 165 

Dietary fiber 8.5 g 22 

Vitamins   

Folic acid 240 µg 60 

Niacin 12.066 mg 75 

Pantothenic Acid  1.765 mg 35 

Pyridoxin 0.348 mg 27 

Riboflavin 0.135 mg 10 

Thiamin 0.64 mg 53 

Vitamin E 8.33 mg 55.5 

Electrolytes   

Sodium 18 mg 1 

Potassium 105 mg 5 

Minerals   

Calcium 92 mg 9 

Copper 1.144 mg 127 

Iron 4.58 mg 57 

Magnesium 168 mg 42 

Manganese 1.934 mg 84 

Phosphorus 76 mg 54 

Selenium 7.2 µg 13 

Zinc 3.27 mg 30 

Source:[5] [27] [28] 

   

4. PEANUT GROWING IN DRC  

Groundnut is an oilseed grown in semi-arid and subtropical regions of the planet between 40° altitude N and 

S on either side of the equator, and in more than 100 countries across all continents [29] [30]. 

Groundnut cultivation in the DRC is practiced throughout the national territory, but more particularly in the 

province of Kongo central, the former provinces of Bandundu, and the two Kasaï. Cultivation is done at the 

beginning of the rainy season (agricultural campaign A: September-December) and B (January-April) [8].  
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Figures 1 : Experimental groundnut field in bloom on the site of the General Commission for Atomic Energy 

(GCAE) / Kinshasa-DRC.  

Figure 2 : Experimental field of mature peanuts on the site of the GCAE / Kinshasa-DRC 

Source : Our investigations 

 

More than 85% of agricultural production is carried out by peasants. The harvest is done by uprooting the 

whole plants (leaves and pods) by hand and takes place immediately after maturity to avoid rotting and seed 

germination in case of soil humidity. Whole plants are left to dry in the field and then threshed to separate the 

pods from the fans. The dried groundnut is stored in pods in bags and/or shelled and winnowed for sale [28] 

[31]. 

To deal with diseases and challenges related to climate change impacting groundnut production, the National 

Seed Service (SENASEM) and research institutions have conducted research to develop and even import new 

varieties (improved varieties) that resist these threats and yield higher yields across the DRC. The main 

varieties are ICGV-SM 96722 ; ICGV-SM 281 ; ICGV-SM 01506 ; ICGV-SM 99588 ; ICGV-SM 86021 ; 

ICGVSM 95530 ; ICGV-SM 95523 ; ICGV-SM 98541, A1408, JL 24, G 17, [12] [32] [33]. 

 

  

   
 

Figures 3 : Sale of groundnuts contained in the bags at the Matadi Kibala Market /Kinshasa. 

Figure 4: Peanuts for sale contained in the basins at the Matadi Kibala market/Kinshasa-DRC. 

Source : Our investigations  

 

5. CONTAMINATION OF PEANUT BY MYCOTOXIC FUNGI, 

FAVORING FACTORS 

Naturally, the contamination of food by molds constitutes a permanent and hardly unavoidable risk, especially 

in low-income tropical countries, where eco-climatic factors play a key role in the proliferation of 

mycotoxigenic molds in a very deleterious socio-economic context. Temperature and atmospheric humidity 

are the main environmental factors that govern the contamination and production of mycotoxins in food, 

especially peanuts. With an annual rainfall of 1200-2000mm, temperature and atmospheric humidity above 

25°C and 30% respectively, DRC is a breeding ground for the growth and development of mycotoxic fungi 

1 2 

3 4 
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[24] [34]. Contamination begins in the field and continues through the harvesting, drying, handling, and storage 

process. 

Apart from natural conditions, there are other factors that modify the contamination of groundnut with molds.  

 
Figure 5: Growth of molds contaminating peanuts on Sabouraud's medium after 6 days at the Microbiology 

laboratory of the GAEC/ Kinsha. 

Figure 6 : Growth of peanut-contaminating fungi on the water-soaked papers after 6 days at microbiology 

laboratory of the GAEC/Kinhasa 

  

Source : Our surveys 

 

5.1. The geocarpic nature of groundnut 

This is the particular character of groundnut: the pods develop and mature in the ground. Yet, the soil is the 

natural reservoir or habitat of microfungi. This permanent soil-pod contact makes peanuts a very sensitive food 

to contamination by micro-organisms, especially fungi. This is why several species of soil fungi have been 

isolated from the pods and seeds of rotten and healthy groundnuts [16] [35]. The influence that the soil exerts 

on the mycotic flora can vary significantly according to the type of soil. For example, peanuts are grown on 

light, sandy soil promotes rapid mold growth, especially under drought conditions, while on heavy soil there 

is less contamination because of the soil's great ability to retain water, which makes it easier for the plant to 

prevent water stress [36] [37] [38]. 

5.2. Peanut hygroscopicity 

Temperature, atmospheric humidity, and that of the peanut seed are the main environmental factors that govern 

contamination and the production of mycotoxins. Seeds constitute a hygroscopic material capable of 

exchanging water in the form of vapor with ambient air. Dry grain can become moist in contact with moist air 

[31]. Thus, these different humidity exchanges take place during the storage of the seeds and can rehydrate 

them from atmospheric water or by transfer of water vapor within the stock between hot spots and cold spots, 

which usually leads to mold growth. This is possible if the seed has a water content between 10% and 35% 

[14]. For Aspergillus flavus for example, a water activity (Aw) of 0.84-0.86 and a temperature between 25 and 

40°C are sufficient for the development and production of aflatoxins in a peanut seed or any food [13]. Tropical 

countries generally give particularly hot and humid ambient conditions which stimulate the increase of the 

biological activity of the seed and the development of fungi. 

5.3. The nutritional richness of the peanut 

Generally, fungi like other microorganisms need a source of energy (carbohydrates, vegetable oils), a source 

of organic or inorganic nitrogen, and trace elements in the presence of available humidity for their growth. 

Hence, the substrate must offer a substitute for contamination to take place [39], and the groundnut offers an 

arsenal of ingredients necessary for mold multiplication. 

Fungal contamination and the production of mycotoxins can occur in the field where insects attack the surface 

of the grain, facilitating the access of molds to the internal structures which contain the nutrients and increasing 

the risk of contamination of the edible part of the seed. 

5.4. Carriage conditions 

The evacuation of agricultural products from production areas to consumption centers in the DRC has always 

been hampered by many difficulties presented by the main means of transport, main road, river, and rail [40]. 

The national road network is insufficient to cover an area of 2. 345.000 km2 and is in a very advanced state of 

5 
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disrepair. It has barely 1.3% of roads are paved with bitumen and 4.7% of dirt roads out of 154,400 km of road 

available in the country. The condition of agricultural feeder roads is generally precarious [41]. River transport 

is done by canoes or whaleboats in insufficient conditions and often presents great danger, even for users. The 

railroad which was created and more used during the colonial era is today less and less used because of the 

dilapidated state of the railroad and the lack of a locomotive[15] . Following all the above, the transport of 

agricultural products such as groundnuts is done under conditions where the risk of contamination by 

microorganisms such as molds and their mycotoxin is remarkably high.  

 

5. 5. Drying conditions and duration 

Heat-drying agricultural product is an old process; the least expensive; used to dehydrate the harvest with the 

aim of stabilizing and preserving the grains since ancient times. There is a reduction in humidity (amount of 

water) through evaporation and a reduction in favorable conditions for fungal growth and insect infestation. 

Ayodele and Edema [42] demonstrated in a study that drying is the critical control point to reduce mycotoxin 

contamination during the manufacture of yam chips. For the success of peanut drying, the operation must be 

done as quickly as possible until the humidity is below 13% because within 3 days, quantity of mycotoxins 

such as aflatoxins can multiply by 10, as in maize [37]. 

5.6. Storage and preservation 

Groundnuts are stored in airtight containers or in polyethylene bags placed in a warehouse where the grains 

are only dumped in traditional granaries. Storage by the pods is easy and exposes the groundnut less to various 

contamination factors (insects, humidity) and keeps it for a long time. 

The DRC does not yet have adequate infrastructure for the conservation and storage of agricultural products. 

The country is struggling to emerge from a long period of conflict and political instability, the devastating 

impact of which is felt on the socio-economic level. The existence of several clandestine markets across the 

city centers where agricultural products are kept in ambient conditions and generally exposed to the risk of 

contamination, especially by molds and other contaminants, does not count for consumer safety. This explained 

the presence of quantities of rotten peanuts in markets and points of sale where sellers are daily concerned 

about sorting [15]. 

5.7. Other factors 

There are also other factors that can influence the contamination of groundnut by fungi in DRC: late harvesting 

of groundnuts in the field, attacks by insects and rodents and unconscious practices of some farmers or other 

people trained in the processing or packaging of peanuts. 

6. MYCOTOXIGENESIS IN PEANUT 

The production of mycotoxins by molds is a complex process that is more activated by the composition of 

food, such as peanuts. 

It is probably a reaction of the mold to stressful environmental conditions (temperature, too high or too low 

humidity) and is mainly governed by environmental factors including water content, temperature, and degree 

of confinement during the conservation [43]. The synthesis of mycotoxins takes place during the idiophase, 

which is a phase located after the active phase or the multiplication phase of the fungi. Mycotoxins are not 

necessary for the survival or multiplication of the fungus. They have 3 origins: amino acids, polyketoacids and 

terpenes. The different mycotoxin synthesis pathways derive from coenzyme A (CoA). This is then acetylated 

into a polyketide or polyketoacid via a polyketide synthetase (PKS), to lead to the synthesis of mycotoxins 

derived from polyketoacids [34] [44] [45]. 

With high levels of sugar and lipids, oilseeds are very favorable to toxigenesis. The production of aflatoxins 

by Aspergillus flavus; for example; is emitted by certain sugars such as glucose, mannose, fructose, and 

sucrose. Trace elements such as iron, zinc, and copper also contribute to the biosynthesis of aflatoxins and 

ochratoxins by acting as cofactors for various enzymes involved in their biosynthesis. These trace elements all 

inhibited the production of these two toxins at concentrations below 10 mg/L of medium and zinc is the one 

that has the most effect on growth and the production of aflatoxins. The effect of iron and copper may be due 

to their role as catalysts for lipid peroxidation [23].  
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7. CURRENT STATE OF RESEARCH ON FUNGI AND MYCOTOXINS CONTAMINATING 

PEANUTS IN DRC 

7.1. Research conducted on fungi 

According to the analysis of available data, Aspergillus is the main germ isolated in groundnuts consumed in 

the DRC. A. flavus, A.parasiticus, A. niger, and A. fumigatus appear among the germs most quoted in the 

contamination of food, and more particularly of groundnut. A.flavus is the world's first known mold to produce 

an incriminated toxin and gave the name to a genus of fungus, Aspergillus. It grows aerobically on ordinary 

media under conditions of high heat and humidity. Aspergillus is part of the storage or xerotolerant fungi [24].  

Already in the 78s, Masimango [46] had confirmed the presence of A. flavus and other species such as 

A.parasiticus, A. niger, and A. fumigatus in the groundnut seeds required in the different provinces of the 

country (Kinshasa and the former provinces of Equateur, Bandundu, and Orientale), and also in other food, in 

this case, corn, rice, sweet potato, cassava. Later, Yandju et al., [47] demonstrated the production of aflatoxins 

by certain Aspergillus, in particular, A.flavus oryzae, A. flavus, A. niger, A.glaucus cbeualieri and  A.fumigatus, 

during the softening of cassava by dry fermentation in the province Oriental. Similar results were confirmed 

recently by Masika et al., [48] in the same process of dry cassava fermentation in North Kivu. 

 In addition, Mulunda et al., [49] also isolated Aspergillus spp and A. flavus in groundnut sold in some markets 

in Katanga province, in DRC. Kamika and his team counted Aspergillus in 95% of groundnut samples from 

Kinshasa and Pretoria, respectively around 40-21,000 Colony Formant Unity (CFU) and 20-49,000 CFU per 

gram of groundnut [50]. 

In a literature review published by Reddy et al., [22] on the contamination of important agricultural products 

by mycotoxins across several countries, A. flavus and A. parasiticus were indexed as major fungal 

contaminants of groundnut. These results corroborate those reported by Mupunga et al., [51] in “Peanuts, 

aflatoxins, and undernutrition among children in sub-Saharan Africa”. 

Similar results have been recorded in other african countries such as Ethiopia [2] [4], Zimbabwe [17], Burundi, 

South Africa, Zambia [52] , and similarly in Nigeria[37] , with the exception of Oluwawapelumi, in addition 

to Aspergillus (flavus and ssp), isolated other molds (Fusarium, Penicillium) in samples of indicated 

groundnuts in a few household markets in different agro-ecological zones of Nigeria [53]. This sufficiently 

proves the cosmopolitan power of these fungi and their susceptibility to contaminate several foods and to 

excrete mycotoxins. It is also important to note that due to its geocarpic character, other soil fungi can be 

isolated from rotten and healthy peanut pods and seeds, [35] [54]. 

7.2. Mycotoxin research 

There is very few amounts of research done on the mycotoxins present in groundnut in the DRC [15] [49] [50]. 

Table 2: Studies carried out on groundnut mycotoxins in the DRC 

 
Authors Year Origin of samples Types of mycotoxins Mycotoxin content (pbm) Reference 

Tshibangu 1972 Kinshasa Aflatoxin B1 330-880 Umba et al.2020 
Kabeya 1973 Kinshasa Aflatoxin B1 10-200 Umba et al.2020 
Masimango 1978 Kinshasa Aflatoxin (AF) 800 Umba et al.2020 
Mwanza 2013 Lubumbashi Aflatoxin  

OTA 
0.25-57 

0.14-11.2 

Mwanza et al.2013 

Kamika 2013 Kinshasa Aflatoxin B1 

Aflatoxin B2 

Aflatoxin G1 

Aflatoxin G2 

219-54393 
201-21092 

217-31029 
230-20193 

Kamika et al.2013 

Udomkun 2018 Kivu Aflatoxin B2 448-8320 Udomkun et al.2018 

 

In view of these fragmentary data, Aflatoxins stand out as the main mycotoxins and are mainly found in peanuts 

after their contamination by molds. Although the quantity of these toxins generally varies in the different agro-

ecological zones where samples were collected, their presence in groundnut does not surprise anyone. 

Otherwise, this presence confirms the systematically identifying aflatoxigenic power of aspergillus, which no 

longer needs to be demonstrated [47] [48]. This explains the importance of the mycotoxin index in food; like 

groundnut; in order to prevent their very significant impact on human and animal health [21]. 

In other african countries, several works carried out have confirmed the contamination of groundnut by 

aflatoxins [52]. In Morocco, Tantaoui-Elaraki and his collaborators report the average level of 250µgkg-1 of 

aflatoxin in peanuts during an analysis of foodstuffs distributed in this country [43]. Similar results were found 
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in Sudan in groundnuts sold in local markets, whereas in Ivory Coast, the average contamination rate of peanuts 

by aflatoxins B1 is 4.8 µgkg-1 and it is below 2 µgkg-1 in marketed peanut paste [55] [56] report values of 11.9-

15 µgkg-1 of total aflatoxins in groundnut in Ethiopia. In Nigeria, Odoemelam and Osu [57] found Aflatoxin 

levels overlapping around 74.03-82.12 µgkg–1 in groundnut samples traded in Niger State. In South Africa, the 

level of Aflatoxins that is reported in groundnut collected in certain clandestine markets ranges from 0-35.39 

µgkg-1 [26] and 0.26-131.03 µgkg- 1 in the food ration for farmers, while in Zimbabwe and Mozambique, this 

rate is 0-10000 µgkg-1 and 6.6-622 respectively in samples from local markets [52]. 

However, apart from aflatoxins and Ochratoxine A (Ochratoxine A), other mycotoxins are found naturally in 

groundnuts, such as beauvericin, cyclopiazonic acid, nivalenol, moniliformin, and many others, as identified 

in Nigeria by Oluwawapelumi and his collaborators [53] and Kayode [58] and in India by Mehan and Mcdonald 

[35]. 

8. ANALYTICAL APPROACH TO MYCOTOXINS 

Several methods exist to date for measuring mycotoxins in different foodstuffs such as peanuts. Generally, 

these methods are categorized into two groups: qualitative or rapid screening methods (thin layer 

chromatography, immunological methods) and methods quantitative such as gas chromatography (GC) or 

liquid phase (HPLC) sometimes coupled with a mass spectrometer, based on the chromatographic separation 

of molecules than their detection by fluorimetry or spectrometry. Hence, the mycotoxins present in groundnut 

must first be extracted and purified before their quantification [34] [59].  

9. TECHNOLOGICAL TREATMENTS AND MYCOTOXINS IN PEANUTS 

Mycotoxins are thermostable molecules and are not very sensitive to most thermal processes (sterilization, 

pasteurization, freezing) or drying (dehydration, freeze-drying), with the exception of roasting which reduces 

the content of aflatoxins by 50 to 80% in peanuts. Processes for extracting oil from peanuts, soybeans, 

cottonseed, etc. predict the content of aflatoxins (B and G) in the crude oil to be found in large quantities in 

the meal. It is through subsequent oil refining treatments that these aflatoxins are completely eliminated. For 

the treatment of meals intended for animal feed, the detoxification process is based on ammonia, whether or 

not associated with formalin, and more or less 95% of the initial content of aflatoxin B1 is eliminated, but such 

a procedure cannot be applied to food intended for humans [13]. 

10. HEALTH EFFECTS DUE TO THE CONSUMPTION OF PEANUTS CONTAMINATED WITH 

MYCOTOXINS IN DRC 

It is very difficult to assess the health impact of the exposure of the Congolese population to the mycotoxins 

contained in peanuts commonly consumed throughout the country. The lack of data due to the lack of 

epidemiological research in this area explains this. At the very least, it is necessary to recall that aflatoxins 

have been the subject of some research carried out on mycotoxins contaminating peanuts sold in the DRC [15] 

[50]. They are among the most toxic mycotoxins. Pathologically, they are classified as hepatotoxins, 

nephrotoxins, vomitoxins, and neuromusculotoxins, some of which are formidable carcinogens and mutagens. 

Aflatoxin B1 is even classified in group I of human carcinogens by the International Agency for Research on 

Cancer [19] [20] [39] [60] [61]. 

The prevalence rate of aflatoxins in groundnut and other food (maize, sorghum, cassava, etc.) is high in several 

African countries, according to the American standard for aflatoxins (20µgKg-1) and the European standard (4 

µgKg-1 ). However, low exposure to aflatoxins can have measurable health effects [62]. Many epidemiological 

studies, obtained in Africa in particular, have demonstrated the existence of a positive correlation between 

chronic exposure to aflatoxins via the human diet and the prevalence of primary liver cancer [13] [24] [34] 

[60] [63]. 

According to the report of the American National Institute of Health and Environmental Sciences [26], the 

DRC is among the countries with a high prevalence of liver cancer, as shown in Figure 5. 
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Figure 7: Prevalence of liver cancer in relation to exposure to aflatoxins (INSSE) 

Source: Kamika, 2012 

 

There is another link between malnutrition/Kwashorkor, stunting, and exposure to aflatoxins. In the human 

body, Aflatoxins induce immune dysfunction leading to an increased risk of infections and loss of energy, with 

disturbances in the levulosity of the intestine, leading to poor absorption of nutrients. Furthermore, a growing 

body of epidemiological data supports the hypothesis that exposure to aflatoxins in the womb has negative 

effects on newborn growth [64]. However, on the nutritional level, in the DRC, the reports presented by the 

FAO showed that 43% of the population suffers from chronic malnutrition, in particular children and pregnant 

and lactating women. Underweight currently affects 23% of children under 5, while 16% suffer from it in 

schools [7] [8] [9] [10] .It should also be noted that malnutrition, stunting, and gastrointestinal syndrome are 

health problems encountered throughout sub-Saharan Africa. Such superimpositions of facts in cases are not 

mere coincidences. However, this in-depth information requires in-depth epidemiological studies within 

different strains of the population in order to clearly show the impact of food mycotoxin interactions in the 

organism of the victims. 

11. ECONOMIC IMPACT OF AFLATOXINS IN PEANUTS IN DRC 

The contamination of agricultural products such as peanuts by mycotoxins is characterized by the modification 

of the organoleptic characteristics and the rejection of the food, thus causing enormous losses in agricultural 

production. However, the assessment of the extent of all these losses remains difficult and often partial to 

determine. Currently, the FAO estimates losses due to contamination and annual food waste at around 20-35% 

of global production [19] [65]. In the United States, for example, the Council of Agricultural Science and 

Technology (CAST) generated US$932 million in annual economic losses from agricultural production and 

US$8.4 million from the effects of mycotoxins on animal health[43] . According to the Partnership for 

Aflatoxin Control in Africa (PACA), aflatoxins are a major barrier to African farmers' access to markets, as 

they prevent products from meeting agricultural and food trade regulations and standards of safety. It is 

estimated that Africa loses $670 million per year in export trade alone due to aflatoxin contamination [62].  

For the DRC, the contamination of foodstuffs is visible and intense. The FAO estimates that the country would 

lose more than 6 million tons of agricultural products out of an annual production estimated at more than 20 

million tons[11]. The quantities of rotten groundnuts in the markets bear witness to these losses, which are 

unfortunately not quantified or provided for lack of data [11] [15]. Other collateral effects that lead to these 

losses are to be determined, such as the reduction in transactional performance on the groundnut market or the 

loss of animals fed on contaminated groundnut feed. 

12. REGULATION ON FOOD SAFETY 

It is FAO's mission to achieve food security for all by ensuring regular and sufficient access to good quality 

food throughout the world. The Codex Alimentarius is the Joint FAO/WHO Commission responsible for 

protecting the health of consumers and promoting fair practices in the food trade by setting maximum levels 

of contaminants and additives in foods or giving other advice on risk management to combat or prevent 
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contamination. The Codex Alimentarius is present in more than 160 countries in the world [50] [66]. However, 

less than 100 countries have regulations on mycotoxins while almost fifty african countries do not have data. 

In the DRC, the Congolese Control Office is the State body responsible for the regulation and control of food 

and drugs throughout the country, according to Ordinance-Law No. 74-013 of 10 January 1974, supplemented 

by decree n° 09/44 of 03/12/2009. It determines the quality of agricultural products subject to inspection during 

import and export, certification of local products, and the exercise of damage control [15] [67] [68]. Other 

national services such as those of the Ministry of agriculture are also responsible for the health protection of 

plants and plant products by preventing and combating harmful organisms both at the level of their introduction 

and their propagation on national territory, according to decree-law no/05-162 of November 19, 2005 [69]. 

The National Codex Alimentarius Committee, in its role of cordon with the International Codex Committee, 

exists in DRC, and can beforehand propose certain food codes (standards) adopted at the international level, 

and at the national level. But to date, the country does not have any specific national law regulating the control 

of mycotoxins or other contaminants in food throughout the national territory [15]  and ranks among the 

countries where the legislation on mycotoxins is still non-existent, as shown in Figure 9 [66] [70] [71]. 

 

 
Figure8 : Classification of countries according to the level of knowledge on mycotoxins and legislation. 

Source: [66] 

 

CONCLUSION 

The contamination of groundnut by mycotoxins as well as the molds which secrete them remains a great 

challenge that the world must face and especially the poor countries in the process of development, such as the 

DRC, with a view to guaranteeing food safety for various consumers. 

Peanuts in the DRC are among the most consumed foods because of their nutritional richness and their 

accessibility by the different layers of the population. 

 It is also a food very sensitive to contamination by fungi, especially since the environmental conditions (heat 

and humidity) lead to their development. Aspergillus remains the main fungal contaminant of groundnut. 

Aspergillus flavus, Aspergillus parasiticus et Aspergillus fumigatus top the list. These germs are mycotoxigenic 

and more particularly aflatoxigenic. Due to the economic losses associated with their effect on human health, 

animal productivity, and national and international trade, these mycotoxins have come to our attention. The 

major challenges that Congolese decision-makers must face in order to guarantee consumer safety and promote 

the trade of agricultural products, in particular groundnut, by providing the country with a national policy for 

the management of food mycotoxins. 

 

Acknowledgment 

Our sincere thanks to the authorities of the African Center par Excellence for Mycotoxins and Food 

Safety/Federal University Technology of Minna (ACEMFS/FUTMINNA) for their financial support for the 

publication of this work. Our gratitude also goes to the General Atomic Energy Commission for the framework 

offered to us for the realization of this work. 

 

 

 



ISSN:2455-2631                                                                                                       May 2025 IJSDR | Volume 10 Issue 5 

IJSDR2505257 International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org c598 
 

BIBLIOGRAPHY 

 

1. Upadhyaya H D, Nigam S N, Thakur R P, 2014, Genetic Enhancement for Resistance to Aflatoxin 

Contamination in Groundnut, 8, 28-36. 

http://oar.icrisat.org/3333/1/Genetic_enhancement_for_Resistacne_to_aflatoxin_contamination_in_Grou

ndnut.pdf 

2. Guchi E., 2015, Aflatoxin Contamination in Groundnut (Arachis hypogaea L.) Caused by Aspergillus 

species in Ethiopia. Journal of Applied & Environmental Microbiology, 3, 1, 11- 19. 

http://pubs.sciepub.com/jaem/3/1/3 

3. Ngoyi Tshite F., Mudibu wa Kabangu J., Tshiombe Mulamba V., and Gabriel Masiala Muanda, 2015, 

Identification of adapted varieties of groundnuts (Arachis hypogaea L.) in SEKE BANZA area, 

Democratic Republic of the Congo (DRC), International Journal of Biological and Chemical 

Sciences,9(2): 652-663. http://ajol.info/index.php/ijbcs 

4. Gebreselassie R, Dereje A, Solomon H, 2014, On farm from harvest Agronomic Management Practices 

of Aspergillus Infection on Ground in Abergelle, Tigray, J. Plant Pathol. Microb, 5:2, DOI: 10.4172/2157-

7471.1000228. 

5. Shalini S Arya, Akshata R Salve, S Chauhan, 2016, Peanuts as functional food: a review, Journal Food 

Sci Technol, 2016 Jan; 53(1): 31–41. DOI 10.1007/s13197-015-2007-9 

6. Foncéka Daniel, 2010, Elargissement de la base génétique de l’arachide cultivée (Arachis hypogaea) : 

Applications pour la construction de populations, l’identification de QTL et l’amélioration de l’espèce 

cultivée, Thése de doctorat, Ecole doctorale : SIBAGHE, Département BIOS / UMR DAP / Equipe SRG, 

Montpellier/France ,121 :13 ,14 

7. IPC/RDC (Cadre Integré de la Classification de la Sécurité Alimentaire), 2022, Aperçu de la sécurité 

alimentaire et de la nutrition, IPC_DRC_Food_Security_Nutrition_22Jun23Jul_French.pdf, 6 :1-4. 

8. Tshilenge Lukanda Luc, 2017, Les cercosporioses de l’arachide (Arachis hypogaea L.) : Analyse de la 

diversité génétique des accessions du pool génétique et application de la mutagenèse radioinduite, Thèse 

de doctorat en Sciences Agronomiques, Spécialité : Phytopathologie, Université de Kinshasa, 169 :1-8. 

9. PCIMA (Prise en Charge Integrée de la Malnutrition Aigue), RDC, 2016, Protocole National de la Prise 

en Charge de la Malnutrition Aigue, 227 :10-25. 

10. Food Agriculture Organisation of the United Nations (FAO), 2010, Food Security Information for 

Decision Making/DR Congo, //www.fao.org 

11. Food and Agriculture Organization of the United Nations/Government of the Democratic Republic of the 

CongoWorld Food Programme, 2018, Rapport on Food security, level of agricultural and animal 

production, Evaluation of the 2017-2018 Agricultural Campaign and Food Balance of the Country,75:45-

55.www.fao.org 

12. Bangata B.M., K.N. Ngbolua, M. Mawa, M. Minengu  et K. N. Mobambo, 2013, Etude comparative de la 

nodulation et du rendement de quelques variétés d’arachide (Arachis hypogaea L., Fabaceae) cultivées en 

conditions éco-climatiques de Kinshasa, République Démocratique du Congo, Int. J. Biol. Chem. Sci. 

7(3) : 1034-1040.  

http://ajol.info/index.php/ijbcs 

13. AFSSA, 2009, Rapport final sur l’évaluation des risques liés à la présence de mycotoxines dans les chaînes 

alimentaires humaine et animale, rapport synthétique, https://www.anses.fr, 308, 9-17,23-29,75. 

14. Martin J., Ba A., Dimanche P., Schilling R., 1999, Comment lutter contre la contamination de l’arachide 

par les aflatoxines ? Agriculture et développement, n° 23, 10 :58-67. https://agritrop.cirad.fr/476184/ 

15. Ilunga Ciuma Calvin, Tshiombe Mulamba Van Emery, Bulubulu Otono Freddy, Nyembo Kibanga 

Beaudouin, Muambi Nkate Jean Louis, Mukendi Mukendi Joël, Muya Itunga Moïse, Mbuyi Musadi 

Chantal et Makun Anthony Hussaini, 2022, Mycotoxines dans les aliments consommés à Kinshasa, RD 

Congo, CongoSciences, ISSN: 2410-4299,10 :5-8.www.congosciences.cd 

16. Jordan David., Brandenburg Rick., Hoisington David, Mumuni Abudulai, Gary Payne, Nick Magnan, 

James Rhoa, et al., 2018: Preventing mycotoxin contamination in groundnut cultivation, volume 

2,  improving the cultivation of particular grain legumes, Burleigh Dodds Sciences Publishing, 32 : 3-9. 

http://dx.doi.org/10.19103/AS.2017.0023.28,33:2-4,12-15. 



ISSN:2455-2631                                                                                                       May 2025 IJSDR | Volume 10 Issue 5 

IJSDR2505257 International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org c599 
 

17. Nancy N., Modupeade C.A., Mulunda M., 2018, Current Status of Mycotoxin Contamination of Food 

Commodities in Zimbabwe. Toxins, 10(5), 89.  https://doi.org/10.3390/toxins10050089 

18. Abia Wilfred A., Benedikt Warth, Michael Sulyok, Rudolf  Krska, Angele Tchana, Patrick B. Njobeh, 

Paul C. Turner, Charles Kouanfack, Mbu Eyongetah, Mike Dutton, Paul F. Moundipa, 2013, Bio-

monitoring of mycotoxin exposure in Cameroon using a urinary multi-biomarker approach, Food and 

Chemical Toxicology, Volume 62, 2013, 927-934. https://doi.org/10.1016/j.fct.2013.10.003 

19. Negedu  A., Atawodi S.E., Ameh J.B., Umoh V., Tanko H.Y., (2011), Economic and health perspectives 

of mycotoxins: a review, Continental J. Biomedical Sciences, 5 (1): 5 – 26. 

http://www.wiloludjournal.com 

20. Adejumo, T. O. et Adejoro, D. O., 2014, Incidence of aflatoxins, fumonisins, trichothecenes, and 

ochratoxins in Nigerian foods and possible intervention strategies, Food Science and Quality 

Management, Vol.31, 20 :126-146. ISSN 2225-0557. 

21. World Health Organisation(WHO), 2020, Food Safety, Information bulletin, who. int/news-room/fact-

sheets/detail/food-safety 

22. Reddy K.R.N., H.A. Abbas, C.A. Abel, W.T. Shier. C.A.F.Oliveira, C.R. Rhavender, 2009, Mycotoxin 

contamination of commercially important agricultural commodities, Toxin Reviews, 2009; 28(2–3): 154–

168. https://doi.org/10.1080/15569540903092050 

23. Guezlane T.N., Bouras N., Ould E.H., Mohamed D., 2016, Mycotoxines : un danger public. Algerian 

journal of arid environment 32, 6, (1) : 32-49 (1). ISSN 2170-1318. 

24. Umba D.M.J., Masimango N.T., Mvumbi L, 2018, Inhibition du développement de l’Aspergillus flavus 

par l’acide acétique: Analyse de trois expériences réalisées à Kinshasa, RD Congo, J. Anim. Plant Sci. 

ISSN 2071-7024), Vol.45 (1), 12 : 7809-7821. 

 https://m.elewa.org/journals/about-japs/ 

25. Udomkun P., Mutegi C., Wossen T., Atehnkeng J., Nabahungu N.L., Njukwe E., Vanlauwe B., 

Bandyopadhyay R, 2018, Occurrence of aflatoxin in agriculture produced from local markets in Burundi 

and Eastern Democratic Republic of Congo. Food safety and Nutrition. Food Sci Nutr. 2018 Jul 

16;6(6):1607-1620. DOI: 10.1002/fsn3.787 

26. Kamika Ilunga, 2012, Determination of aflatoxins in peanut (Arachis hypogaea L.) collected from 

Kinshasa, Democratic Republic of Congo and Pretoria, South Africa: a comparative study, Master of 

Science dissertation, University of South Africa, 107: 30-45 

27. Anses (Agence nationale de sécurité sanitaire, de l'alimentation, de l'environnement et du travail), 2020, 

Table de composition nutritionnelle des aliments Ciqual, Ciqual.anses.fr 

28. Schilling Robert, 2001, Peanut, Basic agronomic data on groundnut, Cirad-CA, Volume 8, Number 3,17: 

230-6. DOI:10.1051/ocl.2001.0230 

29. Hakeem A Ajeigbe, Farid Waliyar, Candidus A Echekwu, Ayuba Kunihya, Babu N Motagi, Damilola 

Eniaiyeju, Abubakar Inuwa, (2015) International Crops Research Institute for the Semi-Arid Tropics 

(ICRISAT), Kano, Nigeria, 28,1-9. 

30. Hamasselbé A., 2008, La revalorisation de la filière arachide dans la zone soudanosahélienne du Nord 

Cameroun. Tropicultura, 26(4): 200-205. 

31. Cruz J.-F., Hounhouigan J.D., Francis F.L, 2016, La Conservation des graines après récolte. CTA Presse 

agronomique de Gembloux, 231 : 45-77,80-120, 231. 

32. Labi Mupepe, Baguma Kalimba Patrick, Bwanga Bwanga Berge, Meya Koy Jean- Paul, Balanga Machafu 

Roger, Mawa Mbangi, Sadel Nilong Jacqueline, 2019, Analyse Comparative des Semences Certifiées et 

Graines "Tout Venant ", ACASTI and CEDESURK, VOL_7, N_3, ART_9. ISSN: 2410-4299. 

33. Moumouni Konate, Jacob Sanou, Amos Miningou, David Kalule Okello, Haile Desmae, Paspuleti Janila, 

Rita H. Mumm, 2019, Past, present and future perspectives on groundnut breeding in Burkina Faso, 

Agronomy, 10 (5), 704. https://doi.org/10.3390/agronomy10050704 

34. Ebenezer O. Farombi, Sunny O. Abarikwu, Isaac A. Adedara, Martins Ekor, 2009,  Aflatoxins: Origin, 

Detection, Effect on Human Health and Safety, and Preventive Intervention Strategies (Focus on 

Developing Countries), Food 3 (1) : 1-22. 

35. Mehan V.K. and Mcdonald D., (1984). Mycotoxin-producing fungi in groundnuts. Pontential for 

mycotoxin contamination, Oléagineux, Volume 39, n°1,5 : 26-29. 



ISSN:2455-2631                                                                                                       May 2025 IJSDR | Volume 10 Issue 5 

IJSDR2505257 International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org c600 
 

36. Chancy B. Sibakwe, Trust Kasambara-Donga, Samuel M. C. Njoroge, W. A. B. Msuku, Wezi G. Mhango, 

Rick L. Brandenburg, and D. L. Jordan, 2017, The Role of Drought Stress on Aflatoxin Contamination in 

Groundnuts (Arachis hypogea L.) and Aspergillus flavus Population in the Soil, Modern Agricultural 

Science and Technology, ISSN 2375-9402, USA, Volume 3, No. 5-6,7 :22-29, Doi: 10.15341/mast(2375-

9402)/03.03.2017/005 

37. Olusegun Atanda, Hussaini Anthony Makun, Isaac M. Ogara, Mojisola Edema, Kingsley O. Idahor, 

Margaret E. Eshiett, and Bosede F. Oluwabamiwo, 2013, Fungal and Mycotoxin Contamination of 

Nigerian Foods and Feeds, Intech. 37 :2-6,8-15. http://dx.doi.org/10.5772/55664 

38. Codex Alimentarius Commission, 2003, Proposed Draft Code of Practice for the Prevention (Reduction) 

of Mycotoxin Contamination in Cereals, Including Annexes on Ochratoxin A, Zearalenone, Fumonisins, 

and Trichothecenes.” Codex Committee on Food Additives and Contaminants, Thirty-fourth Session. 

Codex Alimentarius Commission /RCP 51-2003. 

39. Makun Hussaini Anthony, Dutton Michael Francis, Njobeh Patrick Berka, Gbodi Timothy Ayinla and 

Ogbadu Godwin Haruna, 2012, Aflatoxin Contamination in Foods and Feeds: A Special Focus on Africa, 

Trends in Vital Food and Control Engineering, 280 :2-5,15-21,60-70, DOI: 10.5772/24919 

40. Duquesne B., Muteba D., Lebailly Ph., 2010, Les enjeux de la sécurité alimentaire en RD Congo : 

approche par l’analyse de la consommation alimentaire des ménages kinois. XXVIème Journées 

scientifiques ATM-BETA 2010. Université de Strasbourg, Pôle Européen de Gestion et d’Economie, 

Strasbourg. F, 9 :2-8 

41. Enabel (Agence de développement du gouvernement Fédéral Belge), 2022, Désenclavement : outils de 

développement rural en RDC, www.enabel.be 

42. Ayodele B. C. and Edema M. O., 2010, Evaluation of the critical control points in the production of dried 

yam chips for elubo, Nigerian Food Journal,  Vol. 28, No.1,6: 196-202. 

43. Baddi M., Nassik S., Alali S., Hraiki El., 2021, L’impact économique et sanitaire des mycotoxines entre 

aujourd’hui et demain, Rev. Mar. Sci. Agron. Vét. 9 (3), 339-347. 

44. Munawar Iqbal, Mazhar Abbas, Muhammad Adil, Arif Nazir1 and Iftikhar Ahmad, 2019, Aflatoxins 

biosynthesis, toxicity and intervention strategies: A review 

 qbal et al / Chemistry International 5 (3) ,168-191. https://doi.org/10.5281/zenodo.1570747 

45. Chan YA., Podevelsa AM, Kevanya BM, Thomas MG., 2009, Biosynthesis of polyketide Synthetase 

extender units. Nat. Pro. Rep., 26: 90-114. DOI: 10.1039/b801658p 

46. Masimango, N.T., 1978, Contribution à l’étude de la production de l’aflatoxine B1 par Aspergillus flavus 

Link-Lutte contre la présence de cette toxine dans certaines denrées, Thèse de doctorat, Faculté des 

Sciences Agronomiques de l’État, Gembloux, 222 : 68-145 

47. Yandju D.I., Matondo K.L, Munyanganizi B, 1995, Les moisissures toxinogénes impliquées dans le 

ramollissement des racines tubéreuses du manioc en fermentation sèche, Paris : ORSTOM, 6 : 367-373, 

ISBN 2-7099-1279-1. ISSN 0767-2896.  

48. Masika Y., Tshilenge L.L., Yandju D.L., Kalonji M.A. [2019]. Control of Aflatoxin production in Cassava 

produced by dry fermentation in North Kivu/DR of Congo. Asian Food Science Journal, 13, (1) 1-7, 

Article no.AFSJ.48507. ISSN: 2581-7752. 

49. Mulunda M., Dzoma B., Nyirenda M., Bakunzi F., 2013, Mycotoxins occurrence in selected staple food 

in main markets from Lubumbashi, Democratic Republic of Congo. Journal of Food, Agriculture & 

Environment 11,3&4) ,51- 54. 

50. Kamika Ilunga., Pamella M., John P.R., Snow L.T., David R.K.,2013, Mycological and aflatoxin 

contamination of peanuts sold at markets in Kinshasa, Democratic Republic of Congo, and Pretoria, South 

Africa. Bioscience journals, 2, 126-128. https://doi.org/10.1080/19393210.2013.858187.  

51. Mupunga Innoncent, Pamella Mngqawa et David R. Katerere, 2017, Peanuts, Aflatoxins and 

Undernutrition in Children in Sub-Saharan Africa, Nutrients, 9, 1287, di : 10.3390/nu9121287 

52. Misihairabgwia J.C., C. N. Ezekiel b, M. Sulyokc, G. S. Shephard, and R. Krskac, 2019, Mycotoxin 

contamination of foods in Southern Africa: A 10-year review (2007–2016); critical Reviews in Food 

Science and Nutrition, Vol. 59, NO. 1,15: 43–58. DOI: 10.1080/10408398.2017.1357003 

53. Oluwawapelumi A. Oyedele, Chibundu N. Ezekiel, Michael Sulyok, Modupeade C. Adetunji, Benedikt 

Warth, Olusegun O. Atanda, Rudolf Krska, 2017, Mycotoxin risk assessment for consumers of groundnut 



ISSN:2455-2631                                                                                                       May 2025 IJSDR | Volume 10 Issue 5 

IJSDR2505257 International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org c601 
 

in domestic markets in Nigeria, International Journal of Food Microbiology, 10:2-8. 

http//dx.doi.org./10.1016/j.ijfoodmicro.2017.03020 

54. Dorner J.W., 2008, Management and prevention of mycotoxins in peanuts, Foods,  additives and 

contaminants, 25:2,203-208. https//doi.org/10.1080/02652030701658357 

55. Diakite Aissata, Gouli bi Irie Marc, N’dri Dakmak Kouassi, Yapo Jacques Aboua, 2017, Détermination 

de la contamination par Aflatoxine B1 de la pâte d’arachide consommée par la population en Côte 

d’Ivoire : intérêt de la Chromatographie sur Couche Mince, Int.J.Biol.Chem.Sci.11(4) :1646-1654. 

http://www.ifgdg.org 

56. Firew T.M., Birhan A.A., Kassahun T., Gang W., Yang L., 2020, Mycotoxin in Ethiopia: A Review on 

Prevalence, Economic and Health Impacts. Toxins, 12,648. Doi: 10.3390/toxins12100648 

57. Odoemelam .S.A. et C. I. Osu, 2008, Aflatoxin B1 Contamination of Some Edible Grains Marketed in 

Nigeria, E-Journal of Chemistry, 6(2), 308-314, ISSN: 0973-4945. 

 https://doi.org/10.1155/2009/708160 

58. Kayode O F, M Sulyok, S O Fapohunda, C N Ezekiel, R Krska, C R B Oguntona,2013, Mycotoxins and 

fungal metabolites in groundnut- and maize-based snacks from Nigeria, Food Addit Contam Part B 

Surveill,6(4):294-300. doi: 10.1080/19393210.2013.823626 

59. Bart Huybrechts, Emmanuel Kossi Tangni, Philippe Debongnie, Jorina Geys, Alfons Callebaut, 2013, 

Méthodes analytiques de détermination des mycotoxines dans les produits agricoles : une revue.Cah 

Agric 22, 13 : 202-215, 

https://doi.org/10.1684/agr.2013.0616 

60. Makun H.A., Garba M.H., JIG A.A.A., Muhammad L.H., Ndjobeh B.P., 2018, Level of Mycotoxins 

consumption and Burden of Aflatoxin-Induced Hepatocellular Carcinoma in People substituting on 

Sorghum based products in Nigeria, In Proceedings of Workshop on Food Safety to Promote Standard 

and Reliable Methods of Analysis, for Better Control of Mycotoxins and related Contaminants, 4-8 June 

2018, Pretoria, South Africa. 

61. CIRC (Centre International de Recherche sur le Cancer), 2015, Rapports de groupe de travail du CIRC 

N°9, http://www.iarc.fr/fr/publications/pdfs-oneline wrk/wrk 9/index.php. chemical-risks/en/ 

62. PACA (Partnership for Aflatoxin Control in Africa)/UA, 2017, Briefing note from PACA ministers, 

aflatoxinpartnership. org, Addis-Abeba, Ethiopie, 3:1-3. www.aflatoxinpartnership.org 

63. World Health Organisation(WHO), 2018, Mycotoxins, https://www.who.int/news-room/fact-

sheets/detail/mycotoxins,4:1-2. 

64. GIZ (Deutsche Gesellschaft für Internationale Zusammenarbeit GmbH), 2019, Aflatoxine et nutrition, 

giz2019_fr_aflatoxines-et-nutrition.pdf, 9 :1-5, 7,8. 

65. Food Agriculture Organisation of the United Nations (FAO), 2005, Base de données FAOLEX : Décret 

n° 05/162 du 18 novembre 2005 portant réglementation phytosanitaire en République Démocratique du 

Congo, https://www.fao.org/faolex/results/details/fr/c/LEX-FAOC146362 

66. Food Agriculture Organisation of the United Nations (FAO), 2004, Worldwide Regulations for 

mycotoxins in food and feed, Agriculture and Consumer Protection, Rome.171 :10-15, 

FAO.http:www.fao.org 

67. Journal officiel de la Republique Démocratique du Congo, 2009, Décret N° 09/44 du 03/12/2009 fixant 

les statuts d'un établissement public à caractère scientifique et technique dénommé Office Congolais de 

Control (OCC). 

68. Food Agriculture Organisation of the United Nations (FAO), 2012, The State of Food Insecurity in the 

World 2012, Economic growth is necessary but not sufficient to accelerate the reduction of hunger and 

malnutrition. Rome, FAO. 

69. Journal officiel de la Republique Démocratique du Congo, 2005, Décret N° 05-162 du 18 Novembre 2005 

portant réglementation phytosanitaire en République Démocratique du Congo. 

70. Abdellah Zinedine, Jordi Mañes, 2009, Occurrence and legislation of mycotoxins in food and feed from 

Morocco, Food Control, Volume 20, Issue 4, Pages 334-344. 

https://doi.org/10.1016/j.foodcont.2008.07.002 

71. Cynthia Adaku Chilaka, Jude Ejikeme Obidiegwu, Augusta Chinenye Chilaka, Olusegun Oladimeji 

Atanda and Angela Mally, 2022, Mycotoxin Regulatory Status in Africa: A Decade of Weak Institutional 

Efforts, Toxins, 14(7), 442; https://doi.org/10.3390/toxins14070442 


