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Abstract

In Benin, the preservation of maize is a real problem involving important
physical and chemical properties losses. Physical losses are due by rodents,
pests and insects and chemical losses are mainly due to fungal infection. Sev-
eral methods, products and practices are used by farmers to overcome these
problems. The methods used do not always control the losses caused by fun-
gal infection. The objective of the study was to make a bibliographic synthesis
of the impacts induced by the items, practices and methods used to overcome
the chemical losses of maize. In the search for information, the library of the
Ministry of Agriculture, Livestock and Fisheries was consulted; the archives
of the library of the University of Abomey-Calavi and the National Institute
of Agricultural Research of Benin were also consulted. Thus, chemicals such
as sofagrain, Pyrimiphos-Methyl, Thiamethoxam, Pyrimiphos-Methyl, Per-
methrin, Deltamethrin, fumigant are used to control physical attacks on ma-
ize. Ash and plants species such as neem tree (Azadirachta indica) are gener-
ally used for the preservation and storage of maize seeds. In addition, chemi-
cals such as arsenious anhydride and zinc phosphide are used for the preser-
vation of corn. The use of these molecules and chemical products has nega-
tive impacts on human health and the environment. Of all the methods used,
no treatment is still popularized for the reduction of the chemical losses
caused by the fungal infection in corn storage.
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1. Introduction

Throughout the world, cereals have always been the main nutritional resource
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for humans and animals. Among these cereals, maize is the most important and
most consumed product by more than 98% of rural households in Africa [1]. It
is also the most important component of livestock feed and can be stored all year
round. In many African countries, it is a major staple food for most of the pop-
ulation. To ensure the availability for a family’s diet over a long period and to
secure seed supply for the next season and to avoid anticipated and low-price
maize commercialization, storage is the most appropriate method. However,
several pests attack stored maize. These include insect pests that cause losses of
30% to 100% within few months, moulds that compromise the quality of maize
grain, and mammalian rodents that consume and soil the grain [2]. The poor
storage conditions of maize in African developing countries in general increase
the risks of its contamination by mycotoxins [3]. This contamination can affect
agricultural sector production in general and each of the four pillars of food se-
curity (availability, access, food quality, and regularity) in particular. Mycotoxins
are responsible for acute and fatal intoxication, especially in livestock. African
populations are exposed to aflatoxin even before birth [4] [5]. Mycotoxins
represent major challenges for global food security systems, health, nutrition and
economies, as they are produced during agricultural production, harvesting,
transport, storage and food processing [6]. Humans are particularly concerned
by the risk of chronic poisoning due to the presence in their diet of traces of
some of these contaminants which are genotoxic and carcinogenic [7]. The Food
and Agriculture Organization of the United Nations (FAO) estimates that about
a quarter of the world’s production is contaminated, representing an economic
loss of 5% to 10%. In addition to the economic impact, mycotoxins pose a real
public health problem. Carcinogenesis, immnunotoxicity, nephrotoxicity, hepa-
totoxicity and neurotoxicity constitute the range of harmful effects of fungal
toxins [8]. According to Eliasse et al [8], aflatoxin contamination of the main
staple foods, namely maize, groundnuts and sorghum, reaches unacceptable le-
vels for health in many African countries. Studies by Abdellah and Larbi [9] showed
that maize is a cereal with a higher risk of infection by mycotoxin-producing fungi
than other cereals (barley and wheat). These contaminations are also favored by
certain conditions, including high humidity, inadequate drying and storage of
crops. In addition, Fandohan ef al [10] revealed the presence of mycotoxins in
maize grown in regions of Ghana and Benin. Thus, aflatoxin is a scourge of ce-
real production in Africa [11] [12] [13] [14]. The main mycotoxins that are
closely monitored from a sanitary and economic point of view, in cereal agricul-
tural productions are aflatoxins and ochratoxins produced generally by A. flavus
and A. parasiticus. The methods used to limit the losses of stored corn are the
physical means which have been very successful. Biological control and the use
of synthetic chemical insecticides are the most widely used. However, these me-
thods have several limitations among which are the habituation of insects and
the selection of resistant strains [15], food poisoning compromising human health,

environmental pollution and ecological disorders [16]. The proven knowledge of
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the harmful effects of aflatoxin on health, justified, on one hand, by sanitary
events linked to the consumption of cereals contaminated by aflatoxin in Africa
(contamination of 317 people by aflatoxin after consumption of maize 125 of
them died after hospitalization in Kenya) [17] [18], has accentuated the institu-
tional and scientific fight against aflatoxin in cereals in this continent. Despite
this political and scientific will, the presence of aflatoxin, sometimes in high
doses, is noted in African cereal production to the point that the effectiveness of
the control methods employed is questioned [8]. Given the adverse effects of
these different control methods, particularly the use of chemicals on human
health, other credible alternatives deserve to be explored [19]. The work we pro-
pose consists of a general review of the impacts of the use of chemical substances

in the control of fungal infection of stored maize in Africa.

2. Importance of Maize in Africa and Benin

Maize (Zea mays L.) is the most cultivated plant in the world and the first cereal
produced ahead of wheat (7riticum aestivum L. subsp. aestivum). The global
production of corn in 2013 was 839 million tons, compared to 653 million tons
for wheat [20]. It is also one of the most targeted commodities by various agri-
cultural and socio-economic policies. Cultivated in a marginal way in certain re-
gions in the past; it now occupies a place of choice in Africa in general, and par-
ticularly in the peasant farms of Benin, where its production has been increasing
steadily for several years. It has increased from 230,000 tons in the early 1970s to
more than 1,354,344 tons in 2014 [21] and represents 75% of the country’s cereal
production. The yield, has increased from 600 kg/ha on average in 1970 to 1.4
t/ha in 2009. Maize is the third most important food crop after cassava and yam
[22]. In order to ensure food security, the increase in maize production, which
has long been the focus of researchers, extension workers and farmers, has
brought to light new constraints related to its storage and preservation. The do-
minant position of maize in Africa in has been favored by its capacity to adapt to
agro-ecological conditions and by its strategic roles as both a cash crop and a
high consumption product in many countries [23]. Indeed, the demand for ma-
ize on the Beninese market has never been met due to its high demand, high
population growth and agricultural policies supporting a high level of cotton’s
planting. Finally, the diversity of maize consumption forms makes it more at-
tractive [24]. In Cote d’Ivoire, Benin and most Western African countries, maize
is the staple diet of rural populations in various forms: fresh, roasted combined
with groundnuts, flour, etc. It is also used for the preparation of other foods such
as dough, porridge, akassa (cooked starch), cake, etc. [25]. In summary, maize is

a multifunctional crop for households in northern Benin [24].

3. Techniques Used and Difficulties for Maize
Conservation in Africa and Benin

In Benin, maize plays an important role in agricultural production systems,
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where more than 50% of the cultivated area is devoted to maize, as well as in the
local economy and in feeding the population. Confined to the southern areas for
a long time, the production of this cereal has now spread to the northern re-
gions. To this end, it is the subject of important national and regional transac-
tions. More than 85% of it is used for human consumption in various forms.
There is therefore a significant increase in production each year and this in-
crease, due to the diversified use of maize, leads to post-harvest problems. To
mitigate post-harvest losses, farmers store their crops in traditional structures
depending on the climate, the ethnic groups and socio-economic conditions.
These structures are generally rudimentary and not very efficient [26]. Improved
granaries made of woven plant materials (mallotus, raffia, bamboo, neem, etc.)
and improved enclosed earthen granaries are the different storage structures for
maize on the cob and grain [27]. Manuals and guides have been introduced to
farmers by organizations such as FAO (Food and Agriculture Organization);
APRM (African Peer Review Mechanism); IFDC (International Fertilizer De-
velopment Center) in an attempt to reduce post-harvest loss rates to an accepta-
ble level. Despite all the efforts made by these structures, it is clear that produc-
ers still use inappropriate preservation techniques such as desiccation, wood ash,
palm wine distillate, insecticides, etc. These different techniques have led to a
significant reduction in the rate of losses up to 5% and 1% for improved bamboo
granaries and improved earthen granaries respectively [28]. According to Af-
fognon et al. [29], the adoption rate of these techniques is still low. Moulds are
caused by different species of fungi, some of which produce carcinogenic toxins.
The most frequently encountered in Benin in maize stocks are Aspergillus spp;

Fusarium spp; Penicillium spp (Figures 1(a)-(d)) [2].

4. Pathologies Related to Mycotoxins

Mycotoxins are compounds resulting from the secondary metabolism of moulds
and have a real toxic potential for humans and animals. Fungal toxins are found
as natural contaminants in many foods and feedstuffs such as cereals, offal,
fruits, vegetables, forage and dairy products. The most relavant families of my-
cotoxins in food and health point of view are Aflatoxins, Fumonisins, Ochra-
toxins, ergot alkaloids, Zearalenone, Patulin and Trichothecenes [30]. Several
types of aflatoxins (14 or more) occur in nature, but aflatoxins B1, B2, G1, and
G2 are particularly dangerous to humans and animals because they are found in
all major food crops. Nevertheless, human exposure is primarily from contami-
nated nuts, seeds, or their by-products [31]. Mycotoxins in food are, in animals
and humans, the cause of harmful biological effects grouped under the term
mycotoxicoses. Approximately 25% of food products are contaminated by fungal
toxins. It is estimated that there are between 200,000 and 300,000 species in the
mycoflora. There is therefore a great diversity of mycotoxins. From more than
400 mycotoxins identified, only about 30 molecules have worried toxic proper-

ties [32]. Some of these toxins are supposed to be carcinogenic or mutagenic,
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Figure 1. The main fungi harmful to maize stocks in Benin and their damage. [2]. (a):
Poorly dried corn cob covered with olive-green mold caused by the fungus Aspergillus
(lowa State University). (b): No-dry corn cob covered with a blue-green mold caused by
the Penicillium fungus (Montpetit Jean-Marc). (c): No-dry corn cob covered with a whi-
tish pink mold caused by Fusarium fungus (Duval Brigitte). (d): Corn cobs contaminated
with Aspergillus flavus (http://www.flickr.com).

while others are toxic for the kidneys, the nervous system or the liver. In addi-
tion, it should be noted that the toxicity does not necessarily come from the
mycotoxin itself, but may be due to one of its metabolites resulting from its de-
gradation. According to their place of production, mycotoxins can be classified
into two categories: Field mycotoxins including Fumonisins, mainly produced
by the genus Fusarium. The producing fungi develop on senescent or stressed
plants. And the mycotoxins of storage of which Citrinin and Patulin which are
produced essentially by the genera Penicillium and Aspergillus. The presence of
aflatoxin M1 in dairy products is increasingly reported. According to one study,
Africa is exposed to toxins that are linked to immune suppression, liver cancer
in humans and stunted growth in children. According to UNICEF, 40% of child-
ren in sub-Saharan Africa are stunted or have low height for their age, which
may be associated with impaired brain development. Infants and children are
particularly affected by aflatoxins, given their still developing defense systems
and growing lungs [33]. According to Miller [34], 40% of maize production is
affected by aflatoxins in developing countries. In Benin, frequent consumption
of maize increases the risk of aflatoxin contamination. In a study involving
children exposed to aflatoxin in Benin, Allomasso et al. [35] showed that there is
a positive relationship between aflatoxin and Kwashiorkor (a disease related to
malnutrition) which is only a response to nutritional deficiency. According to

the same authors, aflatoxin and diarrhea episodes are positively related. Manual
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removal of visibly mouldy, insect-damaged and broken grains reduced aflatoxin
content by 40%, according to a study in Benin [10]. In Kenya, aflatoxin conta-
mination of 317 people after consumption of maize resulted in the death of 125
of them after hospitalization [18]. According to Wild [36], hepatocellular carci-
noma (HCC) is the most common cancer in men in The Gambia, and the main
risk factors for HCC in West Africa are chronic hepatitis B virus infection and
aflatoxinfrom all above mentioned, it is necessary to put in place means of con-
trol and prevention throughout the food chain, including agronomic strategies
(good cultural practices, thoughtful fungicide treatments, choice of crop varie-

ties, etc.), as well as improved harvesting, storage and processing conditions.

5. Chemical Control

Fungicides used to treat cereals are either synthetic or organic. Synthetic fungi-
cides are chemical pesticides that have been artificially manufactured to control
pests, while organic or natural pesticides contain chemicals made from plants to
repel fungi [37]. Synthetic chemicals such as insecticide powders and fumigants
are registered in Benin for use on maize grain. The recommended insecticide
powders for treating maize in storage are presented in Table 1. According to the
MINADER [38], these chemicals require personal protective equipment for ap-
plication; therefore, they should be applied by professionals or trained personnel
and kept away from waterways. In Benin, in a large number of cases, the use of
fungicides reaches an unacceptable, uneconomical and unsustainable level. The
wide availability of cheap fungicides has often led to overuse and dependence on
chemicals. This has resulted in the neglect of traditional plants, and treatment
techniques that are available for safe storage at the household level. Among the
solutions, some chemical have been found to inhibit aflatoxin production by in-
hibiting fungal growth. These include propionic acid (0.1% - 0.5%), ammonia
(0.5%), coppersulphate (0.5% - 1%) and benzoic acid (0.1% - 0.5%) which com-
pletely inhibit the growth of A. parasiticus [39]; sodium benzoate has an antimi-
crobial effect on the growth of Aspergillus niger, Aspergillus flavus and A. fumi-
gatus and the production of aflatoxins in packaged garis (2 kg/pack) during sto-
rage at room temperature (30°C + 2°C) [40]. Sodium hypochlorite (0.1% - 0.5%)
exhibits antifungal property (68% - 84%). Urea (0.1% - 0.5%), citric acid (0.5%)
and sodium propionate (0.1% - 0.5%) were moderate in inhibiting fungal growth
[41]. Wherever possible, the use of chemical fungicides should be curtailed

through the promotion of an integrated mold management approach.

Table 1. Recommended dose of insecticides in Benin [2].

. Recommended rate per Duration of
Insecticide powders .
100 kg of corn action (months)
Pyrimiphos-Methyl + Thiamethoxam 50g 6
Pyrimiphos-Methyl + Perméthrine 50g 6
Deltamethrin 150 g 6

DOI: 10.4236/as.2022.131005

54 Agricultural Sciences


https://doi.org/10.4236/as.2022.131005

H. Lehmane et al.

6. Physical Control

Physical control consists in exposing insect populations or/and cereals to radia-
tion, extreme temperatures or to a change in the oxygen/carbon dioxide content
of their biotope [42] [43]. Initiating warehouse pest control while crops are still
in the field minimizes the transfer of primary insect pests from the field to the
warehouse. It is based on several methodologies invented and developed (such as
washing, drying, grinding, manual sorting, mechanical separation or heat treat-
ment) by producers and/or international organizations. In Benin, the main pre-
datory insects such as the maize weevil, the rice weevil, the great corn borer, the
triboliums and the grain beetle are the insects frequently encountered in maize
stocks. To prevent the development of corn moulds in stocks, a technique has
been implemented [2] which consists to:

e Avoid attacks on corn ears by pests (insects, birds and rodents);

e Separate attacked ears of corn and put them away;

e Harvest on the correct date using good harvesting practices;

e Avoid leaving harvested corn lying around the field;

e Avoid piling up corn on the cob after harvest;

¢ Dry until kernels become crisp under the tooth before storage;

e Observe good storage practices.

Physical control therefore concerns mechano-therapeutic techniques capable
of making stored maize healthy for a long time, but they still have shortcomings
that are sometimes linked to their inefficiency or to the resistance of pests. Other
physical methods have been tested in Africa and have been effective, such as
mechanical crushing in the “Entdler”, airtight or controlled atmosphere storage
and ionizing irradiation (for physical control of Sitotroga cerealella) [44]. Mi-
crowave and ozone treatments (ozonation) are also recommended for the detox-

ification of aflatoxin from contaminated food [45].

7. Consequences of Aflatoxin-Contaminated Maize on
Humans and Their Environment

As maize production increases dramatically over the years, special attention
must be paid to its storage and preservation by farmers. A study of Busani [46]
showed that sub-Saharan Africa loses more than $450 million in trade revenue
from major staple foods, including maize, each year due to aflatoxin contamina-
tion. Aflatoxins are particularly prevalent in Benin. Unfortunately, no recent da-
ta are available, but a comprehensive study in the mid-1990s clearly showed that
“35% of maize in Benin is at risk for human consumption” and that, while the
center of the country was the most affected region, all regions were also tested
positive to with high levels toxin. Producers in the region experience annual
post-harvest losses ranging from 20% to 50% after only six months of storage
[47]; while traders experience loss levels up to 75% when no phytosanitary

treatment is applied [28]. Consequently, the contamination of cereals by this
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toxin has economic, food and health consequences in almost all African coun-
tries. Indeed, not only are poor storage methods and the non-adoption of ade-
quate preservation systems by producers often at the origin of these post-harvest
losses, but also, a large part of the agricultural population consumes mouldy
products because of their low levels of income, education and other socio-economic
factors [5]. This creates serious problems for human health. The world popula-
tion is predominantly exposed to aflatoxins as the presence of aflatoxin M1 rec-
orded in breast milk in Ghana, Kenya, Nigeria, Sierra Leone, Sudan, Thailand,
United Arab Emirates [48] and in umbilical cord blood samples in Ghana,
Kenya, Nigeria and Sierra Leone [49]. A study conducted by Gong ef al [50] in
Benin and Togo revealed the presence of aflatoxin in the blood of children aged
1 to 3 years whose diet is based on local cereals. The same authors also showed
that aflatoxin contamination had a significant negative impact on children’s
growth with 30% - 40% higher concentrations of aflatoxin albumin [51]. The
same is true for children aged 4 - 6 months in Kenya [52]. Exposure to aflatoxin
in these populations will induce recurrent health problems related to aflatoxico-
sis [53]. Aflatoxin B1 is a human carcinogen and is one of the most potent con-
tributors to liver cancer known. Human deaths were also caused [54] by acute
aflatoxin poisoning in 1974, when unseasonal rains and a food shortage caused
the population to consume heavily contaminated maize. Aflatoxins in general
have an immunosuppressive effect, so they may reduce resistance to infectious
agents (e.g., HIV or tuberculosis) [32].

8. Traditional Control: Practices and Plants Used for
Mycotoxin Reduction in Stored Maize in Africa

In Africa, the post-harvest losses recorded are not only of physical nature (caused
by insects and rodents) but also chemicallosses caused by the presence of myco-
toxin-producing moulds. The most toxic mycotoxins, the aflatoxins, are mainly
produced by the strains of Aspergillus flavus, A. parasiticus, A. nomius [55], A.
pseudotamarius and A. bombycis [56]. A. lavus and A. pseudotamarius produce
mainly AFB1 and AFB2. Aflatoxins, substances naturally produced by some fun-
gi, contaminate many common foodstuffs such as maize, peanuts, rice, and cas-
sava, especially under certain conditions: dry weather near crop maturity, high
humidity at harvest, and inadequate drying and storage of crops [57]. But among
cereals, maize is more vulnerable to Aspergi/lus contamination. Mycotoxins are
present in a wide range of food and feed products and cause numerous diseases
in humans and animals [58] [59]. Up to 4.5 billion people are exposed to afla-
toxins, which can cause several diseases such as liver cancer in humans and
stunted growth in livestock [60]. According a study by Ahmed et al [61], among
the factors that exacerbate the contamination of cereals by Aspergillus and then
by aflatoxin in Africa are over-ripe harvests, delayed drying and damaged grains
during dehulling. Also, storage of harvested grains with moisture content >10%

and for prolonged periods in inadequate facilities leads to the proliferation of
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moulds in the grains. To address this, various techniques have been developed to
destroy or suppress mycotoxin toxicity in foods. Scientific research in Africa has
found safe natural fungicides such as Lippia multiflora s leaf extract, which has a
static fungal effect on Aspergillus flavus and Fusarium verticillioides [62]. Essen-
tial oils, ozone, diatomaceous earth and food antioxidants such as butylated hy-
droxyanisole (BHA), butylated hydroxytoluene (BHT) and propyl paraben (PP)
are promising non-toxic cost-effective options that can replace toxic chemical
preservatives in the control of various fungi including Aspergillus, Fusarium and
Penicillium [63]. A study done in Benin by Ba et al [64] showed that scopoletin
at the dose of 0.024 mM prevented the secretion of aflatoxins in cassava pods. Its
content varies from cassava roots to its processing products [65]. Scopoletin has
also been isolated from other plant species such as: Aster tataricus and Foenicu-
lum vulgare; the stems of Erycibe obtusifolia Benth which were usually used in
traditional Chinese medicine against rheumatic arthritis [66]. It has been identi-
fied as the main compound in plants such as Nicotiana glauca, Lycium chinense,
Angelica dahurica and the roots of Trigonella foenum-graecum [66]. Dieme et
al [53] showed that some practices include the use of insect resistant varieties
such as Cathartus quadricollis and Sitophilus zeamais which play an important
role in the contamination of food by toxigenic moulds. Regarding aflatoxins, re-
sistant varieties of maize have been identified and introduced in public and pri-
vate plant breeding programs [14]. As part of a US-Africa collaborative strategy,
the International Institute of Tropical Agriculture (IITA) and the USDA have
obtained six pure lines adapted to Africa with improved resistance to aflatoxin
accumulation [67]. Furthermore, biological control experiments against aflatox-
ins using also local strains are underway in Kenya [68] [69] and Nigeria, but at a
more advanced stage in the latter country, where maize farmers have managed
to reduce aflatoxin contamination by about 80% [70]. Other study [reference]
showed that natural fungicides are generally safer and more environment friendly
alternative for mold control home storage, farms and gardens. Because of the
frequent adverse effects of synthetic pesticides on the environment and the pop-
ulation, the use of natural insecticides is strongly recommended, especially for
small-scale farmers, local communities, schools, and vulnerable segments of the
population who are most likely to be not well trained and equipped to use pesti-
cides. Natural insecticides include traditional materials, such as abrasive mineral
powders, natural drying agents such as wood ash, plant materials with repellent
or insecticidal properties (such as parts of the neem tree, Azadirachta indica) or
vegetable cooking oils (palm, groundnut or coconut) [37]. Among the plants
whose use has been most often recorded, we cite Hypas spicigera. It is used in
the form of powder for the protection of cereals (such as corn) or plastering.
Neem (Azadrichita indica) is the most popular and promising plant with insec-
ticidal effect. Extracts of neem and derived products have been manufactured
and marketed as insecticides. Other promising materials include “sweet flag”

(Acorus calamus), “wormseed” (Chenopodium ambrosioides) and the repellent
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pepper (Piper spp). Other not yet botanically described plants have also been
recorded for example the locally called Naplaw in the Dagari of Burkina Faso.
The dried and crushed stems and leaves are ground into powder and mixed with
ash as a carrier. The application is done in successive layers on sorghum, maize,
rice and groundnut stocks [37]. A literature review done in Senegal by Eliasse et
al. [8] revealed that a new aflatoxin field control technology is used in Nigeria,
Kenya, Senegal and Burkina Faso. This technology named AflaSafe is based on
the principle of competitive exclusion that mitigates the negative effects of afla-
toxin. It is therefore a 100% natural product and its use has given promising re-
sults on maize in Kenya [71]. AflaSafe is not well known in Benin nor is it widely
used in other African countries. Despite all efforts, aflatoxin contamination con-

tinues to be one of the constant threats to food security in Benin.

9. Implication for Development

Moulds pose a real threat to food security worldwide. Throughout Africa, my-
cotoxins are prevalent because the continent is a major producer and consumer
of starch-based food crops such as maize. Poor maize preservation techniques
increase the risk of contamination by these toxins. In Benin, maize is the main
staple of the population and is the most contaminated cereal. Very often, far-
mers do not get rid of it until the signs of aflatoxin contamination are visible. Se-
rious diseases such as cirrhosis of the liver followed by death and reduced prod-
uctivity in humans and animals can occur. The ingestion of small amounts of
contaminated feed can have two consequences. First, the animal is poisoned and
may die or develop serious health complications that are worrisome both for the
life of the animal and in terms of the subsequent economic impact on the far-
mer’s income. Second, the aflatoxins present in the animal’s body can then be
transmitted to any human being through its meat. Due to the lack of storage fa-
cilities, farmers sometimes prefer proper drying of their crops in the farms be-
fore harvesting, thus increasing the risk of mold attack. Crops contaminated by
mold’s secondary metabolites don’t meet trade and food safety requirements, as
many importing countries have set their own criteria. For example, European
Union has set new standards on the maximum levels of aflatoxin tolerated in
food products (peanuts, copra, palm kernels, cottonseed, corn and derivatives)
to 0.02 mg/kg [72]. European Commission Regulation (EC) No. 1881/2006 sets
the maximum aflatoxin level to 4 ug/kg total aflatoxin in products intended for
human consumption. In Burkina Faso, the maximum authorized level of total
aflatoxins (B1 + B2 + G1 + G2) is 15 ug/kg. To protect consumers from myco-
toxin-related risks, a large number of countries including 15 African countries
have legislated on certain mycotoxins including aflatoxins [73] [74]. According
to Fellinger [73] and Njobeh ef al [74], the maximum tolerable limits for afla-
toxins vary from 5 to 20 ppb for foodstuffs intended for human consumption in
Africa and from 5 to 300 ppb for animal foodstuffs. The maximum levels of af-

latoxin as set by the Nigerian standards organization are: maize meal (NIS 718:

DOI: 10.4236/as.2022.131005

58 Agricultural Sciences


https://doi.org/10.4236/as.2022.131005

H. Lehmane et al.

2010) max AFB1 2 ppb, sorghum grains (NIS 328: 2003) max level 10 ppb; millet
grains (NIS 467: 2003) max level 10 ppb and for maize grains NIS 253: 2003 is
under revision; 4 ppb for total aflatoxin and 2 ppb for aflatoxin B1. This same
maximum level of total aflatoxin and AFB1 in cereals was also established in Be-
nin by law 09-1984 [75]. According to Neogen [76], losses of US$670 million
have been recorded in Africa. This creates a major obstacle for many agricultural
producers to participate in agricultural exchanges and local food procurement

initiatives.
10. Conclusion

In Benin, several factors favor the contamination of cereals by Aspergillus and
the production of aflatoxin. These factors are among others the climatic condi-
tions, plant stress, the cultivation practices, the damage caused by insects and
pests, etc. The prevalence followed by the consequences of this contamination is
not only very high, but also wreak havoc in the continent on the socio-economic
and health level. To overcome various traditional, chemical and biological me-
thods are used, the chemical methods being the most used. These methods have
multiple effects both on the environment and on human health, especially
children’s health. Thus, the sensitization of producers in households on the exis-
tence of aflatoxin in maize by insisting on their harmful effects must be carried
out in all African countries. Further research needs to be carried out with the use
of plant species, such as scopoletin in order to significantly eradicate aflatoxin

infection in cereals.
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