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https://doi.org/10.4236/fns.2023.142010 contamination is a threatening issue in these staples and its negative effects

fumonisins are among the mycotoxins that have been increasingly reported to
affect health and productivity of livestock globally. It cuts across the value

on human health, most especially on infants and young children, are very
alarming. Among the cereals in Burkina Faso, the maize is more vulnerable to
contamination by Aspergillus sp. The contamination of maize by the aflatox-
in is the main cause affecting production of agricultural sector, food security
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1. Introduction

Mycotoxins exposure is particularly problematic in low-income populations in
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the sub-Saharan countries that consume relatively large quantities of staples,
particularly maize and groundnuts. It is estimated that 26,000 Africans living
south of the Sahara die annually of liver cancer associated with mycotoxins ex-
posure. Mycotoxins are detected in a wide range of food products such as oil-
seeds, cereals, meat, spices and milk from mammals fed on contaminated foods
Cho et al [1]. Mycotoxins are secondary metabolites produced by some fungi
under specific, favorable climate conditions. Aflatoxins and fumonisins are two
classes of mycotoxins with widespread prevalence in cereal crops and feeds.
Aflatoxins and fumonisins are a concern for public and animal health worldwide
[1].

In Africa, mycotoxin contamination of commodities and animal feeds causes
significant risk to the health and productivity of livestock consuming affected
feed. Additionally, it causes a risk to humans that consume affected grain of ce-
reals and animal source foods [2]. The contamination of maize with fungi and
mycotoxins represents a major problem for its use in human and animal nutri-
tion. Infection of grains in the field by fungi could result in the production of
mycotoxins during cultivation, harvesting, storage, transport and processing.
The most important species of fungi and mycotoxins that could contaminate
maize grains are Aspergillus flavus and aflatoxins, Fusarium verticillioides, F.
proliferatum and fumonisins and F. graminearum and trichothecenes and zea-
ralenone [3]. Aflatoxin causes serious problem in many foods, but it is most ab-
undant in maize and maize products, because it could be infected even in the
field under specific environmental conditions. Contamination of maize depends
on the co-existence of susceptibility of hybrids and environmental conditions
favourable for proliferation of mycotoxigenic fungi [4].

Burkina Faso is a predominantly agricultural country with approximately 86%
of the population deriving their income from the agricultural sector. Among its
main plant species, maize occupies a prominent place [5]. Unfortunately, locally
produced maize is very often contaminated with aflatoxins (especially aflatoxin
B1). This is linked to a lack of capacity in terms of good practices related to
production, harvesting and post-harvesting which favors the proliferation of
molds responsible for the production of aflatoxins. There is an urgent need to
take action to control and manage the aflatoxin contamination problem as this
can lead to exposure of the population to health hazards as well as a decrease in
income in the value chain [5].

Unfortunately, locally produced maize is very often contaminated with afla-
toxins at doses that in most cases exceeded the regional and international rec-
ommended limits. Recently, there have been reports of aflatoxin contamination
of food and feed with maize as one of the most contaminated agricultural prod-
ucts (more than 50% of the samples samples analyzed are contaminated) with
levels ranging from 3.4 - 636 pg/kg for aflatoxin B1 that constitute the most toxic
and carcinogenic. The detected total aflatoxin was an average of 67 pg/kg [6].

This would be due to current agricultural practices including those related to
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production, harvesting and post-harvest activities; this favors the infection and
proliferation of molds responsible for the production of aflatoxins. There are no
direct measures for prevention of infection of maize grains with ear rot fungi.
However, unfavourable conditions for the development of fungi and toxinoge-
nesis could be provided by implementation of appropriate agricultural practices
as preventive measures in the field [7].

The proven knowledge of the harmful effects of aflatoxin on health, justified
by on the one hand by health events linked to the consumption of cereals con-
taminated by aflatoxin in Africa, have increased the institutional and scientific
fight against aflatoxin in cereals in this continent. Despite this political and
scientific will, the presence of aflatoxin, sometimes in doses, is noted in the
African and Burkina cereals production to the point that one wonders the effec-
tiveness of the control methods used [8].

It is urgent to take action to control and manage the problem of contamina-
tion by aflatoxin in Burkina Faso. This serious deterioration quality and com-
modity of maize products are ignored by the main actors of agriculture as well as
consumers and public who consume maize even contaminated with aflatoxin
and thus exposing themselves to serious sanitary dangers and public health.

Also, this low quality of maize is not competitive on the international market,
and is limited to less lucrative markets which are often markets, and informal,
especially at the national and regional levels, so that agricultural producers do
not get a good return on their production.

It is necessary to develop an integrated approach to control and reduce afla-
toxin contamination, focusing on the ownership and management capacity of
the main actors in the value chain, including agricultural producers. This review
article aims to make a general review of production, using, factors contributing
to maize contamination by aflatoxins and mains methods of control deployed to

reduce it in Burkina Faso.

2. Production, Use and Constraints

Maize is the second most important cereal produced in Burkina Faso. Its pro-
duction has increased from 1,133,480 tons in 2011 to 1,710,898 tons in 2019.
However, despite the efforts made to develop the sector and the results achieved,
it still faces many challenges, including the low level of organization of stake-
holders [5].

The main producing regions concern western area (Hauts-Bassins, Boucle du
Mouhoun, Cascades...) where many maize varieties have been developed and
popularized in such as Espoir, Bondofa, Obatanpa, Massongo, Wari, Komsaya
and Barka [9] [10].

Maize is the second most important cereal crop in terms of area, production
and consumption. Indeed, maize is grown by nearly 78.6% of Burkinabe farm
households in the rainy 0.8% in the dry season [11]. Several varieties of maize

(Zea mays L.) have been developed and popularized in Burkina Faso. According
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to Traore [12] varieties are developed according to the ecological zone, the needs
of consumers and the level of producers. Constraints related to maize produc-
tion vary according to the different links in the chain. These constraints are pre-
sented in Table 1.

The majority of Burkinabe farmers grow maize for self-consumption, but also
for sale [13]. It is one of the main cereals on which stakeholders and the gov-
ernments have high hopes for improving their income and combating food in-
security [14]. According to using of maize, the cooked paste constitutes the most
widespread common culinary preparation. The grain whether or not it is hulled,
ground and the resulting flour can be cooked and consumed in the form of
dough fermented and consumed as a paste or porridge. Other dishes, such as
gritz or semmolia, are the result of steaming grains, consumed as couscous or
porridge [13]. When still fresh, it is best consumed roasted or boiled. Fresh
grilled maize is widely sold and can be found on every street in urban areas. It
offers very interesting specificities, especially for the breeding of hens and laying
hens [15].

3. Factors Affecting the Maize Quality
3.1. Physical Factors

The physical factors that can lead to the alteration of maize grains are tempera-
ture and humidity. The temperature is the first factor of alteration of the grains
because this factor plays an important role in the conservation of the grains. It
controls the speed of degradation of the grains, but also the speed of develop-
ment of microorganisms and insects. Heating of grains by respiration is a self-
accelerating phenomenon that can lead to grain death at 50°C and above [16].
The researchers reported that food products such as cereals and legumes were

more prone to Aspergillus species than any other toxin-producing fungi, more

Table 1. Constraints of maize production.

Step Constraints

-Low availability of pre-basic and basic seeds;

-Low availability of specific fertilizer formulas and doses;
-Low availability of pre-harvest equipment

-High cost of mechanizing maize production

Production
. ¢ d ? -Lack of standards for the manufacture of post-harvest equipment
inputs an
p' -Low adoption of improved post-harvest equipment.
equipment 11 . e
: -Low availability of efficient varieties;
specific

-Low availability of adapted technical itineraries;

-Low adoption of improved varieties and technical itineraries

Low adoption of improved varieties and efficient technical itineraries;
-High pest pressure.

-Low use of improved storage and conservation techniques;
Storage and

] -Insufficient training of actors (producers) on improved post-harvest
conservation

improved post-harvest technologies

DOI: 10.4236/fns.2023.142010

138 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2023.142010

M. K. Somda et al.

so at storage due to the temperatures involved [17]. However, fungal activity and
toxin production have been reported elsewhere to be optimum at 25°C - 37°C in
the presence of other favoring conditions [18]. Abdel-Hadi et al [19] reported
maximum Aspergillus growth rate of 6.9 mm/day at 35°C and maximum
aflatoxin production rate of 2278 - 3082 mg/g at 37°C in maize. Nonetheless, the
effect of temperature and that of moisture are inseparable [20].

Moisture in stored grains is the most important deterioration factor. It is the
site of heating, mold development, and sometimes germination. Any of these phe-
nomena is clear evidence of poor storage. Wet or warm spots in the grain promote
fungal growth, which leads to additional heat and moisture production addi-
tional heat and moisture production, creating a self-generating process [21] [22].

Water content is an important factor that affects both the grade and storability
of grains and legumes as it significantly influences microbial growth and toxin
production [20]. It is thus, a key determinant of aflatoxin development in food
crops. Storage fungi like Aspergillus require about 13% moisture or relative hu-
midity of 65% (water activity, aw, of 0.65) for growth and toxin production [17].
Water activity is however shown to increase with storage time; this coupled with
improper drying predisposes stored cereals and legumes to fungal infestation,

growth and aflatoxin development [19].

3.2. Chemical Factors

The chemical factor of alteration of the grains is the composition of the gases of
the environment during storage. The grains in mass constitute a porous material
with 30% to 50% of the volume in place occupied by the interstitial air. It is the
composition of this atmosphere that determines the aerobic or anaerobic meta-
bolism of the grains [16]. The air is composed of 78% nitrogen of nitrogen, 21%
of oxygen and 1% of other gases including carbon dioxide. In an airtight enclo-
sure the grains’ own respiration depletes the environment of oxygen and enrich-
es it with carbon dioxide. This modification of the composition of the gases in
the medium generally blocks the development of mold growth and causes the
death of predatory insects, thereby extending the shelf life of the grains [16].

3.3. Biological Factors

Several factors can influence or cause a loss of quality of the maize especially
during storage. According to Sharma ef al [23], insect or pest infestation re-
mains a major problem in the production, storage and marketing of cereals. This
is a major concern for the grain industry because it affects cereals both quantita-
tively and qualitatively. Post-harvest losses caused by insects, mites, rodents, and
microbes in stored grain have been estimated at 10% worldwide of total food
grain losses, 5% are caused by insects, 2% by rodents, and 5% - 30% by molds
and mycotoxins [24].

The main rodent predators of grain stocks are the gray or Norway rat (Rattus
norvegicus), black rat (Rattus rattus), and mouse (Mus musculus) [25].

Regarding insects, they are very small beetles (weevils, bostrychids, bruchids)
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and some lepidopterans or butterflies (alucite, moths, moths), whose biological
activity depreciates the commodity and whose larvae are harmful because they
consume the interior of the grains [25]. Contamination of maize by fungi
(molds) and their secondary metabolites (mycotoxins) represents a serious ha-

zard to humans and animals [26].

3.4. Soil Properties Factors

Soil is factor that has a key influence on fungal contamination in agricultural
produce [27]. Thus, crops cultivated in different soil types may have significantly
varying levels of aflatoxin prevalence. According to Codex Alimentarius [28],
light sandy soils accelerate growth of the fungi in peanuts, particularly under dry
conditions, whereas heavier soils result in less contamination owing to their high
water retention capacity that helps in the reduction of drought stress. It also re-
ported that light sandy soils promote the rapid proliferation of Aspergillus flavus

especially in adverse dry conditions [29].

3.5. Storage Factors

The quality of stored foods markedly depends on the storage conditions sub-
jected. However, methods and duration of storage of food commodities seem to
differ from one agro-ecological area or ethnic group to another [20]. Most of the
storage structures commonly used by farmers in Burkina Faso are traditional
and may not provide the right internal atmosphere; give maximum protection
from water, insects and rodents; and be easy to clean. All these conditions pro-
mote growth of fungi and aflatoxin production in stored legumes and cereals
[30]. The increased aflatoxin concentration could be attributed to microbial in-
festation stemming from the invasion of insects and rodents during storage due
to the general deplorable nature of the storage facilities used. Mechanical dam-
age caused during harvesting and shelling of groundnuts also makes them sus-

ceptible to Aspergillus species invasion both on the field and during storage [20].

4. Methods of Control of Aflatoxin Contamination
4.1. Cultural Control

To be effective, the control of aflatoxin contamination in crops must take into
account all the agronomic and environmental factors that influence seed infesta-
tion by toxigenic fungi. Aflatoxin contamination can occur during pre-harvest,
post-harvest, or peri-harvest periods [31]. Several attempts have been made to
control or reduce seed infestation by Aspergillus flavus and Aspergillus parasiticus,

by application of fungicides to seedlings, during cultivation or after harvest [32].

4.2. Chemical Control

4.2.1. Chemical Compounds
A large number of chemicals include acids, bases and oxidizing agents can react

with aflatoxins and convert them to non-toxic or less toxic compounds. some
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chemical compounds have been brought to test their effectiveness on detoxifica-
tion of aflatoxins and other mycotoxins including hydrochloric acid, citric acid,
lactic acid, ammonium persulphate, calcium hydroxide, sodium bicarbonate and
potassium carbonate formaldehyde, hydrogen peroxide, sodium bisulfite, ozone
gas (O;), sodium hydroxide and sodium hypochlorite. More Aflatoxins reduc-
tion was reported when food and feed were treated with more concentrated ci-

tric acid and other chemicals [33].

4.2.2. Ozonization

With a short half-time, at neutral pH and ambient temperature, ozone is able to
inactivate microorganisms and decompose their toxic metabolites, leaving no
traces of ozone in the treated commodity. Ozone, a powerful oxidant, reacts
across the 8, 9 double bond of the furan ring of aflatoxin through electrophilic
attack, causing the formation of primary ozonides followed by rearrangement

into monozonide derivatives such as aldehydes, ketones and organic acids [34].

4.3. Physical Control
4.3.1. Cleaning

Cleaning is a multistep process such as removing dust, husks and products colo-
nized by molds, mechanical sorting and washing. Proximately 80% of aflatoxin
contaminations can be attributed to small, shrivelled seeds mouldy and stained
seeds and damaged seeds [35]. Due to the low solubility of AFs in water, it is
generally hard to remove aflatoxins by washing. But, it is very difficult to remove

aflatoxin bonded or attached strongly to the inner texture of food [36].

4.3.2. Heating

Aflatoxins have high decomposition temperatures ranging from 237°C to 306°C.
Solid AFBI is quite stable to dry heating at temperatures below its thermal de-
composition temperature of 267°C. However it has been reported all heat treat-
ment (boiling, roasting, baking and steaming) still provides a feasible mechan-
ism for reducing the AFs concentration in foodstuffs [33]. The efficacy and ex-
tent of reduction method is depends on several factors, including aflatoxins
concentration, the extent of binding between aflatoxins and food constituents,
heat penetration, moisture content, pH, ionic strength, processing conditions

and source of contamination (naturally or artificially) [37].

4.3.3. Ionization

In general radiation can be classified into two categories: ionizing and non-ion-
izing. Gamma radiation, considered a cold temperature process, has been ap-
plied by many researchers to extend the storage life of certain foods by reducing
microbial populations. Some researchers believe that the gamma ray is not effec-
tive on reduction of aflatoxins and others reported different level of decontami-

nation in different food by gamma irradiation [38].

4.3.4. Adsorption

Adsorption, a very common treatment of mycotoxin reduction, involves binding
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the toxin to absorbent compound during the digestive process in the gastrointes-
tinal tract. The absorption of aflatoxins requires polarity and suitable position of
functional groups. Some more common aflatoxin absorbents include active car-
bon, diatomaceous earth, alumino (clay, bentonite, montmorillonite, sodium
and calcium aluminum silicates mainly zeolite, phyllosilicates and hydrated so-
dium calcium aluminosilicate (HSCAS)), complex carbohydrates (cellulose and
olysaccharides) present at cellular wall of yeasts and bacteria (such as gluco-
mannans, peptidoglycans), and synthetic polymers (such as cholestyramine, po-

lyvinyl pyrrolidone, and its derivatives) [33] [39].

4.4. Biological Control
4.4.1. Bacteria

Several bacterial species, such as Bacillus subtilis, Lactobacilli spp., Pseudomonas
spp., Ralstonia spp. and Burkholderia spp., have shown the ability to inhibit
fungal growth and production of aflatoxins by Aspergillus spp. One of the effects
of the LAB is protection against toxins produced in foods, such as heterocyclic
amines, polycyclic aromatic hydrocarbons, reactive oxygen species, and myco-
toxins [40]. The L. casei was a stronger binder of AFB1 compared to others bac-
teria [41].

The L. plantarum was the most efficient organism in degrading AFB1 [42].
Reduction of mycelial growth of A. parasiticus as a result of co-inoculation of
the four bacteria (Leuconostoc mesenteroides, Lactobacillus plantarum Lactoba-
cillus casei, Bacillus subtilis) was observed to range between 20.9% to 86.2%

while reduction of aflatoxin production ranged from 21.6% to 70.4% [43].

4.4.2. Yeast

Some saprophytic yeast species (such as Candida krusei and Pichia anomala)
have shown promise as biocontrol agents against A. flavus. However, binding of
aflatoxins by yeast strains is also a fast and reversible process, their binding abil-
ity is generally lower than bacterial strains. AFB1 binding by S. cerevisiae was a
rapid process in liquid medium and it involved the formation of a reversible
complex between the toxin and yeast cell wall surface [44]. The esterified gluco-
mannan (EGM) and mannanoligosaccharide (MOS) have been proposed to be
responsible in yeast cell wall [45] (Guan et al 2011). All types of yeast showed
promising effect on AFs reduction. The order of AFs reduction was AFB1 >
AFB2 > AFGL. Furthermore, the instant dry yeast was the most effective yeast
[46].

4.4.3. Nontoxigenic Aspergillus Strains

In general, nontoxigenic Aspergillus strains (A. niger, A. parasiticus), Tricho-
derma viride, Mucor ambiguus and few other fungi have been reported to show
significant AFB1 degradation abilities. The success of this method is depending
on some factors such as, formulation (the combination of competitive strain and

carrier or substrate), inoculum rate, Herbicide application and soil temperature.
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Application of nontoxigenic strains to soil should be delayed until soil tempera-
ture reaches at least 20°C [47]. Atehnkeng et al [48] in Africa showed that
non-toxigenic strains of A. favus reduce aflatoxin concentrations in both labor-
atory and field trials by 70% to 99%.

4.4.4. Aflasafe Product

Aflasafe™ consists of a mixture of four native atoxigenic strains specifically tar-
geted for a particular country or agroecosystem. Multistrain products such as
Aflasafe™ may be superior to single-strain products because they display both
immediate and long-term efficacy in diverse environments [49]. Product devel-
opment is currently also underway in Ghana, Mozambique, Tanzania, Zambia
and Burkina Faso. Aflasate BFO1 has been tested successfully for 3 years in Bur-
kina Faso [50]. The products in each country contain unique strains native to the
target country and are developed in close collaboration with national institu-

tions.

5. Conclusion

Many factors after post-harvest could be responsible for maize contamination by
aflatoxin. This review showed that several methods of control would reduce af-

latoxin contamination.
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