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Abstract

Maize, widely consumed in Burkina Faso remains a substrate appreciated by
aflatoxigenic moulds. The objective of this study was to give the frequency of
aflatoxins B; and Aspergillus flavus in maize flour sold in Bobo Dioulasso. We
conducted a cross-sectional study in Bobo-Dioulasso. From each of the 53 maize flour
sellers, 150 g of maize flour was collected. A sanitary analysis was conducted to
determine the rate of Aspergillus flavus contamination. A rapid detection kit was used
for Aflatoxin B, screening. The amounts of aflatoxin B, detected were grouped into 4
classes: <5 ng/g, [5- 10 [ng/g, [10- 20[ ng/g and > 20 ng/g, and compare to the codex
Alimentarius recommendations. The sanitary analysis showed that 90.57% of samples
were contaminated by Aspergillus flavus, with an average contamination rate of
60.18%. This rate was significantly different between central and peripheral markets
(p-value=0.02). Aflatoxin B; was detected in 94.33% of samples, and 58.49% were
above the codex Alimentarius recommendations for Aflatoxins B1(10 ng/g). The
amounts of aflatoxin B1 increased with the average contamination rate by Aspergillus
flavus (p < 0.001). About 60 % of maize flour sold in the markets of Bobo Dioulasso
(Burkina Faso) is unsuitable for consumption.
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Introduction

In Burkina Faso, farming is practiced by about 86% of the population
(1). One of the most important crop productions in this country is maize
(2). It is the most consumed cereal in the human diet, but also the most
used in poultry, pigs, and cattle breeding. Unfortunately, sellers face
problems with post-harvest storage of maize. One of the most common
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and the least discussed problem remains the aflatoxins contaminations,
resulting from crops attacks by various species of microscopic fungi
such as molds.

A large number of mould species belonging mainly to the three very
common genera, Aspergillus, Penicillium and Fusarium present in
ambient air, soil, and agricultural crops are able to grow on cereals to
synthesize and excrete mycotoxins (3). The most commonly found is
Aspergillus flavus species. It is mainly found in tropical and subtropical
regions, with high temperature and humidity, combined with
inappropriate storage practices, contribute to its development (4).

In the USA the accepted level for human consumption is 20 ng/g (5)
and for the European Union, the maximum acceptable total aflatoxins
(B1, B2, G1 and G») in nuts, dried fruits, cereals and spices is 4 ng/g (6).
According to the Codex Alimentarius, the maximum limit for aflatoxins
in almonds is 10 ng/g (7).

Aflatoxins are a class of carcinogenic mycotoxins produced
by Aspergillus fungi, which are widely distributed in nature. Aflatoxin
B1 (AFBL1) is the most toxic of these compounds and its metabolites
have a variety of biological activities, including acute toxicity,
teratogenicity, mutagenicity and carcinogenicity, which has been well-
characterized to lead to the development of hepatocellular carcinoma
(HCC) in humans and animals (8)African continent loses
approximately US$670 million each year in export revenue due to
aflatoxins contamination. Aflatoxins are harmful to human and animal
health. They cause about 30% of all liver cancers cases worldwide, with
the highest incidence (over 40%) in Africa. They are also associated
with immuno-suppression and growth deficiency in children (9).

Maize produced in developing countries contains some level of
aflatoxins (10). Indeed, Studies following an acute outbreak in four
districts of Kenya showed levels of 1 to 46400 pg/kg total aflatoxins
(11). Furthermore, Gnonlonfin et al. (12) found aflatoxins levels in
maize in Benin, Ghana and Zambia of 2 to 2500 pg/kg, 20 to 355 ng/kg
and 1 to 109 pg/kg respectively.. In a recent study only 4.6% of maize
samples from four West African countries had levels above 20 ng/g (13).

In Burkina Faso, the presence of aflatoxins were reported in maize (14,
15), while few studies have addressed this issue in the case of maize in
Bobo Dioulasso. The aim of this study was to determine the frequency
of maize flour contaminated with aflatoxin B1 and Aspergillus flavus
sold in markets of Bobo-Dioulasso.
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I. Materials and methods

1.1. Study design and setting

This observational cross-sectional study was carried out in Centrre
Muraz located in Bobo-Dioulasso, the economic capital of Burkina
Faso.

1.2. Sampling and data collection procedures

From June to July 2021 a completed list of all the markets in Bobo-
Dioulasso was established.

Since the conditions of maize flour storage may vary according to the
location of the markets in the city (central or peripheral district), the
markets were classified into two groups: «central» and «peripheral».
Then, a random sample stratified on the geographical location of 11
markets (6 central and 5 peripheral) was selected.

We used the OpenEpi software to calculate the sample size (16). For
that purpose, the proportion of maize flour samples with an aflatoxin
concentration above the 10-ng/g threshold was estimated at 30%, with
a precision of 13%, with no cluster effect and a 10% non-response rate.
This results in 53 samples as the minimal sample size. A proportional
allocation was made.

From each seller 150 g of maize flour was taken in sterile polyethylene
bags (100 x150 mm), which were immediately stored at -20°C for
analysis.

For ethical reasons, free, informed and individual consent was obtained
from each participant. The anonymity and confidentiality of the
information collected were respected.

1.3. Laboratory procedures

Aspergillus flavus isolation in maize flour

Aspergillus flavus isolation was performed with Potatoes Dextrose agar
(PDA) (17). Approximately 43 g of PDA was mixed with 1 liter of
distilled water and homogenized until complete dissolution on a hot
plate. The mixture was then sterilized with autoclave at 121°C for 25
minutes. After cooling at about 45°C, 1 ml of streptomycin was added
to prevent the growth of non-target pathogens. The agar was then
poured into Petri dishes under aseptic conditions, under the hood at 25
ml per dish. One or two pinches of flour of the same sample was
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deposited on five spots of the agar, with six replicates for each sample.
Then, the Petri dish was sealed and incubated at 25°C. After 48h to 72h,
Petri dishes were observed with magnifying glass and microscope.
Infection rates of maize flour were computed following the formula:
(X ni * 100)/30) with ni, the occurrence number of the mushroom in
each Petri dish.

Qualitative detection of Aflatoxin B1 in Maize flour

Aflatoxin B: detection was performed using the rapid test kit N.K.
Biotech (catalogue number: AFLB:-D205F1), with a sensitivity of 5
ng/g (5 ng/Kg), 10 ng/g (10 pg/Kg), 20 ng/g (20 pug/Kg) (18). One gram
of the testing flour was mixed with 4 ml of kit solution A ina 5 ml tube.
The mixture was then shaken vigorously for 3 minutes and centrifuged
at 1789 x g for 5 min. After centrifugation, 100 pl of the supernatant
was collected and placed in a 1.5 ml tube. 100 pl of AFLB1 PBST buffer
from the kit was added and shaken until complete homogenization. 100
pl of this solution is used for the test according to the manufacturer’s
instructions (18).

1.4. Study variables

Outcomes variables were the rate of Aspergillus flavus’ contamination
and the rate of Aflatoxin B1 contamination. Maize flour contamination
rate with Aspergillus flavus was defined as the number of times the
mould grow on the number of depots made. Using different cut-off of
the test, the rate of Aflatoxin B1 contamination were grouped into 4
classes: <5pp, [5, 10 [ng/g, [10, 20 [ng/g, and > 20 ng/g.

1.5. Data analysis

Standard statistics were used to summarize the qualitative variables,
their frequencies and 95% confidence interval (95%CI). Analysis of
variance (ANOVA) was used variance to compare contamination rates
between the markets and between the central and peripheral areas.

A simple linear regression with a categorical exogenous variable was
used to assess the amounts of aflatoxin B increase according to the
average contamination rate by Aspergillus flavus. All analyses were
performed using R4.0.2 software.
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I11. Results and Discussion

In the 11 markets selected in the city, 53 samples collected from 53
sellers were included in the study. Among them, 28 (52,83%) were from
central markets.

2.1. Maize flour contamination rate with Aspergillus flavus

The proportion of maize flour samples contaminated by Aspergillus
flavus was 90,57% (CV = 79.58-96.47), with an average contamination
rates of 60,18% (CV = 51.22-69.15). This average contamination rate
varied significantly between the markets (from 18, 33% to 92,22%) p
=0.009. (Fig 1). Regarding the contamination of maize flour by
Aspergillus flavus, our result in Bobo-Dioulasso was not in line with
the finding of Sebok and al. (2016), who reported that Aspergillus
flavus, was isolated from 42.3% of maize sample in 2013, and from
34.7% maize samples in 2014 in Hungarian (19). The preharvest, and
postharvest storage conditions was probably better in hungarian than in
Bobo-Dioulasso and could justified the higher frequency in Bobo-
Dioulasso. It is important to find some solutions to inhibit growth of
Aspergillus flavus. Indeed some studies revealed that different
saprophytic yeasts strains are able to inhibit growth and aflatoxin
production of Aspergillus flavus both in vitro and in vivo. (20, 21).
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Figure 1. Maize flour contamination rates by Aspergillus flavus depending
on the market to the markets in Bobo-Dioulasso (Burkina Faso).
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2.2. Contamination rate depending to the areas (central or
peripheral)

The contamination average rate was 69,76% for market from central
area and 49,46% for market from peripheries area. . Flour samples from
central markets were the most contaminated by Aspergillus flavus and
the difference between markets from central area and those from
peripheral area was statistically significant (p = 0.02) showing that
people in central area was more exposed than those in peripheral area.

2.3. Maize flour contamination by Aflatoxin B1

94,34% of samples was contaminated by aflatoxins where, more than
half (58.49%) of maize flour samples were above the codex
Alimentarius recommendations for Aflatoxins B1(10 ng/g), and almost
38% were above 20 ng/g. (Fig 2). These results were consistent with
those found by Ware et al. (2017) who reported in their study a
frequency of 83.9% for aflatoxin B1, in commercial infant formulas
produced in Burkina Faso (22). Another study conducted in Burkina
Faso and Mozambique by Benedikt Warth et al. showed that Aflatoxin
B(1) was observed more frequently in maize in Burkina Faso with the
half (50%) of the maize samples contaminated with aflatoxin B1 (50%
incidence) (23). Kpoda et al (2022) found that in Burkina Faso, 42.03%
of maize sample were contaminated with aflatoxins (14). Our samples
were collected from June to July where maize flour are exposed to hot
climate. This could explained the higher result we found in this study.
However, all these studies conduct in Burkina Faso, showed that maize
sample was contaminated by aflatoxins. The presence of mycotoxins is
related to climatic conditions, inappropriate storage practices and could
justify the results of these studies. Exposure to toxigenic fungi and their
metabolites has been linked to child growth and weight impairment (9).

The analyses highlighted flour samples with levels of AFB;: that
exceeded the standards tolerated by the Codex Alimentarius. To assess
the safety of food products, we refers to the standards of the Codex
Alimentarius as Burkina Faso is a member of the codex commission(7).
Among the samples contaminated with aflatoxins, almost 60% of
samples had Aflatoxins concentration above Maximum Limit (10 ppb)
according to Codex Alimentarius. Consuming these flours expose to
risk of developing liver cancer (23) or risk of stunting for children. With
regard to the dangerous aspect of this toxin, these flours would be
unsafe for consumption and therefore should be withdrawn from the
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marketing circuit. However, given the importance of maize in the food
habits of burkinabé, and given the conditions of production and
distribution of this cereal, currently it will be hard to prohibit the
consumption of these meals (24). To be effective, measures to reduce
or eliminate aflatoxins in maize will have to be part of an overall
framework to improve storage conditions for agricultural products in
Burkina Faso.

Because of the high prevalence of AFB1 in food, many strategies
should be developed to prevent or remove contamination in order to
restore the safety and edibility of food products. Control strategies are
divided into pre- and post-harvest techniques. Pre-harvest strategies
include the use of genetically altered crops that are resistant to
Aspergillus infection. Post-harvest strategies include the use of physical
processes or chemical/biological additives to be added to contaminated
crops to reduce or transform Aflatoxins such as physical treatment,
biological treatment, chemical treatment.
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Figure 2. Percentage of maize flour samples contaminated by aflatoxin B1 in Bobo-Dioulasso (Burkina Faso).
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2.4. Association between the average contamination rate by
Aspergillus flavus and the amount of Aflatoxin B1

In the linear regression, the amounts of aflatoxin B: increased with the
average contamination rate by Aspergillus flavus (Table I). This was
expected as Aspergillus flavus species have been the subject of several
research works that have demonstrated its aflatoxins production
capacity (3, 25-27). Aspergillus flavus and Aspergillus parasiticus are
the main species associated with aflatoxins contamination of crops (28).

Table | Results of the regression between Aspergillus flavus
contamination rates and AFB; levels

Classes ng/g Coefficient [CV] pvalue
<5 20,00[-3.78 ;43.78] 00,097
[5-10[ 11,93[-13.66 ;37.51] 0,353
[10-20[ 56,06[29.23 ;82.88] 0,000***
>20 64,33[38.83;89.93] 0,000***
Conclusion

This study showed that maize flour samples from different markets in
Bobo-Dioulasso are highly contaminated with Aspergillus flavus and
aflatoxins B1. So there are unsuitable for consumption. Future studies
would see and orientate the techniques of storage of these flours which
could explain the sources of contamination.
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