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Handling Editor. Dr. Ray Norton Aflatoxins are produced by fungi of the genus Aspergillus that colonize many foodstuffs during agricultural

production, harvesting, transportation, storage, and food processing. In view of these aflatoxins toxicity to

Keywords: humans, their presence in foods such as cereals and oilseeds constitutes a major challenge for global food se-
Aflatoxins curity, health and nutrition. This study was therefore initiated to assess the level of aflatoxin contamination of
Cereals various foodstuffs sold in urban and semi-urban markets in Burkina Faso, and to evaluate the carcinogenic risk
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Health which the consuming population is exposed to. Two hundred and twelve foodstuff samples were collected in two

Risk large cities (Ouagadougou and Bobo Dioulasso) and three semi urban localities (Cinkansé, Dakola and Nian-
goloko). Aflatoxins contents in foodstuffs were determined by immunoaffinity chromatography and human
health risk assessment was performed by using the Monte Carlo algorithm. The aflatoxins contents determination
showed that 41.50% of studied samples were contaminated with concentrations up to 182.28 ug/kg for AFB1 in
peanuts. Chronic Daily Intake, calculated based on the consumption patterns assumed in this study, was esti-
mated to be higher in large cities (CDI = 33.68 pg/kg bw in Ouagadougou and 10.18 pg/kg bw in Bobo Dio-
ulasso) than in semi urban localities (CDI = 4.29 pg/kg bw in Cinkansé, CDI = 0.39 pg/kg bw in Dakola and CDI
= 0.18 pg/kg bw in Niangoloko). The MOE determination showed that the sorghum meal and whole grain maize
consumption was associated to the carcinogenic risk for public health in large cities (the percentile 95 of MOE =
3316 for rice, 4511 for peanuts, 3334 for sorghum meal and 4530 for whole grain maize). In semi urban lo-
calities, no carcinogenic risk was observed to public health. These results should inspire the country’s sanitary
and agricultural authorities to undertake actions to fight against the agricultural food products contamination by
aflatoxins in order to safeguard the population’s health.

Burkina Faso

1. Introduction are Aspergillus flavus, Apergillus flavus subsp. Parasiticus and Aspergillus

nomius (Zinedine et al., 2006). Approximately 20 aflatoxins have been

Aflatoxins are classified as carcinogenic group 1 by the International
Agency for Research on Cancer (IARC, 2012). They are produced by
fungi of the genus Aspergillus that colonize many foodstuffs during
agricultural production, harvesting, transportation, storage and food
processing (Zinedine et al., 2006). The most common producing species

identified and four of them occur naturally, including aflatoxin B1
(AFB1), B2 (AFB2), G1 (AFG1), and G2 (AFG2)(Deng et al., 2018). These
aflatoxins widely contaminate various types of crops all over the world,
such as maize, peanuts, wheat, barley, and rice (Deng et al., 2018). Of all
the mycotoxins, aflatoxin B1 (AFB1) produced by Aspergillus flavus and
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Aspergillus parasiticus is the most common and most toxic form (hepa-
totoxic, teratogenic and mutagenic) to mammals (Tabuc, 2007) and
causes damage such as toxic hepatitis, hepatocarcinoma, hemorrhage,
Alzheimer’s disease and Parkinson. In view of these mycotoxins toxicity
to humans, their presence in staple foods such as cereals and oilseeds
constitutes a major challenge for global food security, health, nutrition,
and economic systems (Dieme et al., 2016).

The problem is most glaring in developing countries which are
otherwise faced with recurrent food insecurity and for which the pop-
ulations’ diet is largely provided by cereals and oilseeds. For example, in
Kenya out of a total of 342 maize samples, 182 (53.2%) had total afla-
toxin levels above the United State Department of Agriculture maximum
value (20 pg/kg) (CDC, 2004). Aflatoxins with concentrations up to
1020 pg/kg have been reported in maize grain in Malawi (Moss, 2008).
The mean values of aflatoxin B1 (AFB1) contamination of cereals in
Nigeria are 257.82 pg/kg for maize, 2587.47 + 78.23 pg/kg for millet
and 82.5 + 16.9 pg/kg for rice with a very high incidence in the case of
millet and maize (Hussaini et al., 2009; J. Atehnkeng et al., 2014; Makun
et al., 2007). The analysis of the different results above shows that
aflatoxin contamination of cereals varies according to the locality and
also according to the season. In any case it is generally very high
throughout Africa. This presence of aflatoxin at high concentrations in
cereals is the main characteristic that tarnishes the quality of cereal
production in the continent.

Several countries have established or proposed regulatory limits for
mycotoxins in foods. European Union (EU) countries edited regulations
to limit their presence in the foods in Europe (Yacine Ware et al., 2017).
Concerning the sum of aflatoxins B1, B2, G1 and G2, the harmonized EU
maximum limit (ML) of 4 pg/kg is applied by 29 countries again mainly
EU and European Free Trade Association (EFTA) countries (EFSA,
2012). Regarding AFB1, a ML of 2 pg/kg was in force in these countries.
In Africa, countries such as South Africa, Nigeria or Ghana have set
regulatory values on mycotoxins and produce important scientific
research, especially on aflatoxins and fumonisins (Ezekiel et al., 2014).
However, regulatory limits in sub-Saharan Africa are absent or rarely in
place or poorly enforced and regular monitoring is often a major prob-
lem(Yacine Ware et al., 2017).

Burkina Faso, a country located in the heart of West Africa, has
enormous culinary potential given the diversity of agricultural products
encountered. Among these agricultural products, cereals and oilseeds
have social, economic, and nutritional importance for the populations
(Yacine Ware et al., 2017). According to statistics from the Ministry of
Agriculture and Hydro-Agricultural Development, cereal production in
2019 was estimated at 4,567,065 tons/year with an increasing trend in
cereal farmland (Ministere de 1'Agriculture et les Aménagement
Hydro-agricoles, 2019). Over the period 2009-2019, the quantity of
cereals available per capita has evolved above normal (190 kg/person),
increasing by 27 kg in ten years thanks to production efforts. However,
the mycotoxins presence in these foodstuffs, favored by subtropical type
climatic conditions, has an impact on health and affects more particu-
larly rural populations because they often consume cereals and oilseed
products as staple foods (Dieme et al., 2016). Moreover, cereal products
from Burkina Faso are increasingly being rejected internationally and by
some institutions working the food security field, such as the World Food
Programmed (WFP), because of their high mycotoxin content (Romuli
et al., 2020). The country has not yet established regulations on myco-
toxins, so the country’s control agencies apply the European limit
values.

This study was therefore initiated to assess the aflatoxin contami-
nation level of various foodstuffs sold in urban and semi-urban markets
in Burkina Faso, and to evaluate the carcinogenic risk which the popu-
lation is exposed to by using probabilistic modelling that was proposed
as an approach to cumulative risk assessment (Rotter et al., 2018). At the
end, it will contribute to the availability of data on the aflatoxin problem
in cereal and oilseed products in Burkina Faso, all of which will allow the
authorities to make appropriate decisions for the preservation of the
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populations’ health.
2. Materials and methods
2.1. Sampling and samples processing

The samples were collected in 5 localities in the country from
January 2021 to March 2021. The choice of these locations was based on
population density (Ouagadougou and Bobo Dioulasso) and the in-
tensity of commercial traffic in the border areas (Niangoloko, Dakola
and Cinkanse). Fig. 1 shows the geographical location of these localities
on the map of Burkina Faso.

In the localities selected for the study, samples were collected in
popular markets. For towns with several markets, a random draw was
made to select the markets, which the samples should be taken from.
Foods have been selected on the basis of the most consumed foods
identified in the report of the Ministry of Agriculture. To determine the
number of samples to be taken for each type of food, the following
formula was used:

N = t2 x p x (1-p)/m? where n is the minimum sample size to be
taken, t: Confidence level (t = 1.96); p: The desired proportion’s ex-
pected value (p = 0.5); m: Error margin (set to 5%).

The number of samples obtained using the formula was then related
to the size of the cities’ populations and the frequency with which each
food was consumed. So, three (3) cereals (husked and polished rice,
whole grain maize and sorghum meal) and an oilseed crop (peanut)
were chosen to be part of the study.

Each sample was packed in a sterile plastic bag and transported to
the laboratory at room temperature for analysis. The samples collected
in the form of grains were finely ground with an IKA type mill (WERKE,
Type M20). In order to limit the risk of contamination, the grinder was
cleaned beforehand and the cleaning was repeated after each grinding.
The powdered samples resulting from this process were packed in plastic
bags.

2.2. Aflatoxins determination

All the solutions were prepared with the double de-ionized water
provided by the Milli Q water purification system (LAB TOWER AFT,
Thermo scientific). Aflatoxin standard (Aflatoxin mix 4 solutions;
AFB1&G1 2 pg/mL and AFB2&G2 0.5 pg/mL) was purchased from
Biopharm Rhone Ltd, Glasgow, UK with a purity >98%. The stock so-
lution concentration was 50 ng/mL in acetonitrile. Standards at different
concentrations were prepared in vials. Solvents (methanol, acetonitrile)
were HPLC grade, 99.9% of purity and were purchased from Chroma-
Solv, Sigma Aldrich. The reagents including Phosphate buffered saline
(Sigma Aldrich), sodium hydroxide (Panreact), sodium chloride (Sigma
Aldrich) were also used.

To extract the aflatoxins, 5 g of sample was weighed and poured into
an Erlenmeyer flask containing 25 mL of an extraction solution
composed of 70% of methanol and 30% of distilled water. The resulting
mixture was stirred on a rotary shaker for 2 min to allow the toxins to
dissolve. After this step, the mixture is filtered through Wattman paper.
Finally, 15 mL of the filtrate is removed and added to 45 mL of PBS
buffer. The resulting solution is used for the aflatoxins purification.

The aflatoxins purification was performed using AflaStar immuno-
affinity columns obtained from Romer Labs. In brief, this procedure
consists in passing the filtrate diluted with PBS through the column at a
flow rate of approximately 3 mL/min. The column is then washed with
20 mL of distilled water in small portions of about 10 mL at a maximum
flow rate of 5 mL/min and dried by applying a vacuum for 5-10 s. The
aflatoxins were eluted with 1.5 mL of methanol and then 1.5 mL of
distilled water was added to the collected volume. A volume of 2.8 mL is
collected in a 4 mL recovery vial.

For each sample, a volume of 20,0 pL of purified extract was taken
from the vial and injected into the DIONEX ultimate 3000 Ultra High
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Fig. 1. Geographical location of the study locations on the map of Burkina Faso.

Performance Liquid Chromatograph purchased from TERMO SCIENTI-
FIC (Waltham, Massachusetts, USA) equipped with a fluorescence de-
tector type RF-10AXL. The operating conditions are summarized in
Table 1.

The analytical performance was determined for maize flour and
peanuts. As the other foods were also cereals, the analytical performance
obtained with maize flour was applied to them. The validation param-
eters were as follows: Linearity, recovery rate, repeatability, interme-
diate precision, limit of detection (LOD) and limit of quantification
(LOQ). To assess linearity, four-point calibration lines were constructed
over a 4 levels concentrations range (4 ng/mL, 10 ng/mL, 20 ng/mL and
80 ng/mL for AFB1 and AFG1 and 1 ng/mL, 2.5 ng/mL, 5 ng/mL and 20
ng/mL for AFB2 and AFG2) using the aflatoxin standard (Aflatoxin mix 4
solution). Linearity was determined for each aflatoxin class using linear
regression analysis and expressed as the coefficient of determination
(R"2). The limit of detection (LOD) and the limit of quantification (LOQ)
were determined from the signal-to noise ratio as more than 3: 1 and 10
: 1, respectively. Repeatability and intermediate precision were deter-
mined using samples of corn and peanut flour spiked with 10 pg/kg
AFB1 and AFG2 and 2.5 pg/kg AFB2 and AFG2. Each spiked sample was
analyzed 6 times on the same day by the same operator with the same
equipment and reagents for the repeatability evaluation and 5 times at a

Table 1
Chromatographic operating conditions.

Chromatographic operating conditions

Column
Mobile phase

Shim-pack CLCG-ODS C18, 4 ym, 150 mm x 4,6 mm
Methanol/acetonitrile (50:50; v/v)

Pump flow rate 1 mL/min

Temperature 40 °C

Injected Volume 20 pl

Detector Fluorescence: A excitation: 360 nm; A émission 440 nm
Analysis time 15 min

rate of once a day for 5 days for the intermediate precision evaluation.
The recovery rate was determined by analyzing spiked samples with the
aflatoxin standard and its value was calculated by the following equa-
tion: Recovery rate (%) = (100 X measured concentration for spiked
sample)/added concentration.

Performance data of aflatoxins analysis methods are summarized in
Table 2.

2.3. AFBI exposure and probalistic health risk assessment

The health risk assessment was carried out only for AFB1 in view of
its greater toxicity compared to the other classes of aflatoxins. In addi-
tion, data from the semi-urban localities (Niangoloko, Dakola and Cin-
kanse) were aggregated to form a single data set, as were the data from
large cities (Bobo Dioulasso and Ouagadougou). The risk assessment was
then carried out for the semi-urban areas populations on the one hand

Table 2
Validation of aflatoxins analysis performance.

Validation data of aflatoxins analysis performance

AFB1 AFB2  AFGl  AFG2
Repeatability CV (%) Maize flour  0.61 0.55 0.97 1.01
Peanut 1.68 1.43 1.87 1.98
Intermediate precision CV (%)  Maize flour  3.72 5.01 5.32 4.68
Peanut 5.84 6.32 7.48 6.87
Recovery rate (%) Maize flour  99.8 97.0 93.0 90.1
Peanut 89.7 90.2 90.7 92.0
LOD Maize flour 0.3 0.2 0.2 0.1
Peanut 0.4 0.3 0.3 0.2
LOQ Maize flour 1.0 0.8 0.8 0.3
Peanut 1.5 1.0 1.0 0.4
Linearity (R"2) Maize flour  0.998 0.994 0.999  0.997
Peanut 0.983 0.989 0.991 0.993
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and for the large cities on the other.

The consumers’ aflatoxin B1 exposure was assessed by a daily con-
sumption of scenario based on the contamination levels obtained in the
current study. The chronic daily intake (CDI) was calculated by using the
following formulae (IARC, 2012; US EPA, 2011; Adel et al., 2016; Dadar
et al., 2017):

CDI:CiXIRiXEDiXEFi )
BW X AT

Ci = Content of AFB1 in studied foodstuffs (ng/g); IRi = daily intake
of studied foodstuffs g/day; ED = time-period of detected AFB1 (70
years); EFi = exposure frequency (365 days/year); BW = average body
weight (70 kg); and AT = mean time (70 x 365 days).

Since EFi equals 365 days, Edi X EFi = AT, the CDI formula becomes
after simplification,

Ci X IRi
CDI =~ )

Consumption data was taken from the FAO database (2003) due to
the lack of country-wide food consumption data. This organization
conducted a survey in two regions of Burkina Faso on the consumption
of cereal foodstuffs. The results, for the foods concerned by this study,
were as follows: maize: 31 g/person/day, rice: 39 g/person/day, sor-
ghum meal: 429 g/person/day, peanuts: 30 g/person/day.

The Margin of Exposure (MOE) was used to determine the carcino-
genic risk of AFB1 for human on the basis of studied foodstuffs con-
sumption. The MOE (Margin Of Exposure) was calculated as a ratio
between the toxicological reference (Benchmark Dose Level, BMDL;)
and the chronic daily intake [17], where BMDL;( (humans) = 400 ng/
kg bw/day)(EFSA, 2012; Joint FAO/WHO Expert Committee on Food
Additives. Meeting (49th: 1997: Joint FAO/WHO Expert Committee on
Food Additives, 1998).

BMDL10
MOE = —DI 3

Carcinogenic risk (MOE) on studied foodstuffs content of AFB1 was
assessed by using Monte Carlo Simulation (MCS). The simulation was
executed by introducing in the Crystal Ball software (v11.1.2.4.600
software, Oracle, Decisioneering, Denver, CO, USA) following factors:
BMDL;j, BW, Ci and IRi. The best fit distributions were applied for
consumption data, aflatoxins B1 contents and body weight based on
Kalmogorov-Snirnov statistics and the MC model was shown for 10,000
iterations. To assess neither exposed population are at the carcinogenic
risk or not, 95th percentiles of MOE distribution were chosen. Exposed
population was at an acceptable health risk level when the MOE values
> 10,000 (US EPA, 2011).

3. Results
3.1. Sum aflatoxin (AFTOT) contamination of analyzed foodstuffs

A total of 212 samples of whole grain maize, husked and polished
rice, sorghum meal and peanuts was taken in 5 locations in Burkina
Faso, namely Bobo Dioulasso, Cinkansé, Dakola, Niangoloko, and Oua-
gadougou. The samples for which total aflatoxin levels were found are
listed in Table 3.

The results obtained showed that sorghum meal were the most
contaminated foodstuffs with 57.44% of samples contaminated followed
by whole grain maize samples 42.10% and peanuts samples 30.50%. The
least contaminated food was husked and polished rice with 22.50% of
the samples contaminated. Out of the 212 samples collected, 88
(41.50%) were contaminated with aflatoxins.

3.2. Foodstuffs aflatoxin content

The levels of aflatoxins B1, B2, G1, G2 and AFTOT, presented in
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Table 3
Distribution of aflatoxin contaminated samples by food type and location.

Type of Locality of No. Of samples Harmonized EU
samples collect contaminated by maximum limit (ug/
aflatoxins kg)
MAIZE (19 Bobo dioulasso 1 4
samples) Cinkanse 0
Dakola 1
Niangoloko 1
Ouagadougou 4
Total 8 (42.10%)
RICE (40 Bobo dioulasso 3
samples) Cinkanse 0
Dakola 3
Niangoloko 0
Ouagadougou 3
Total 9 (22.50%)
Sorghum meal  Bobo dioulasso 12
(94 samples) Cinkansé 5
Dakola 6
Niangoloko 7
Ouagadougou 24
Total 54 (57.44%)
peanuts (59 Bobo dioulasso 12
samples) Cinkanse 0
Dakola 0
Niangoloko 5
Ouagadougou 1
Total 18 (30.50%)
TOTAL 88 (41.50%)

terms of percentiles, are summarized in Tables 4-8 respectively.

The highest levels of AFB1 and AFB2 were found in the whole grain
maize and peanuts samples with maximum levels of 166.81 ng/kg and
182.28 pg/kg for AFB1 and 18.91 pg/kg and 24.49 pg/kg for AFB2
respectively. These samples came from the cities of Ouagadougou for the
whole grain maize samples and Bobo Dioulasso (AFB1) and Niangoloko
(AFB2) for the peanut ones. For AFG1 and AFG2, the highest levels were
found in the whole grain maize with levels of 64.06 pg/kg and 3.52 pg/
kg respectively, taken from the city of Ouagadougou.

3.3. Samples compliance with the maximum tolerated values of AFTOT
and AFB1

Fig. 2 shows the median levels of AFTOT (A) and AFB1 (B) respec-
tively, depending on the type of foodstuff and the location where the
samples were collected. These levels were compared to the maximum
tolerated values of the EU standard which is also in force in Burkina Faso
(4 pg/kg for AFTOT and 2 pg/kg for AFB1).

The analysis of Fig. 2A shows that the foodstuffs with median levels
of AFTOT above 4 pg/kg were represented by whole grain maize and
peanuts. These non-compliant samples were collected in the cities of
Ouagadougou for whole grain maize (88.52 pg/kg), and Bobo Dioulasso
for peanuts (14.19 pg/kg). The analysis of Fig. 2B shows that the samples
for which the median aflatoxin Bl levels exceeded 2 pg/kg, were
composed of whole grain maize, sorghum meal and peanuts. These non-
compliant samples were found in the cities of Bobo Dioulasso for whole
grain maize (5.6 pg/kg) and peanuts (12.27 pg/kg), Cinkansé for sor-
ghum meal (2.12 pg/kg), and Ouagadougou for whole grain maize
(76.06 pg/kg).

3.4. AFBI1 exposure and probalistic health risk assessment

The daily exposure of the populations consuming the foodstuffs
studied is presented in Table 9.

The analysis of Table 8 shows that the highest daily doses of exposure
to AFB1 were found in the cities of Bobo Dioulasso and Ouagadougou
with values of 5.25 ng/kg bw/Day (for peanuts) and 33.68 ng/kg bw/
Day (for whole grain maize) respectively. The lowest exposure doses
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Table 4
AFB1 contents in relation to sample types and localities.
Aflatoxins Localities Maize Rice Sorghum meal Peanuts
AFB1 (pg/kg) Bobo dioulasso P25th <1.0 P25th <1.0 P25th <1.0 P25th 11.36
P50th 5.6 P50th <1.0 P50th <1.0 P50th 12.27
P75th 69.34 P75th 1.04 P75th <1.0 P75th 130.52
P100th 122.16 P100th 4.83 P100th 172.74 P100th 182.28
Cinkanse <1.0 <1.0 P25th <1.0 <1.5
P50th 2.12
P75th 5.32
P100th 11.22
Dakola P25th <1.0 P25th <1.0 <1.0 <1.5
P50th <1.0 P50th
P75th 1.65 P75th
P100th 3.31 P100th
Niangoloko <1.0 <1.0 <1.0 P25th <15
P50th <15
P75th <15
P100th 23.89
Ouagadougou P25th 4.91 <1.0 P25th <0.3 P25th <1.5
P50th 76.06 P50th <0.3 P50th <15
P75th 151.3 P75th <0.3 P75th <15
P100th 166.81 P100th 10.21 P100th 1.99
Table 5
AFB2 contents in relation to sample types and localities.
Aflatoxins Localities Maize Rice Sorghum meal Peanut
AFB2 (pg/kg) Bobo Dioulasso <0.8 <0.8 P25th <0.8 P25th <1.0
P50th <0.8 P50th 1.82
P75th <0.8 P75th 2.90
P100th 3.37 P100th 3.37
Cinkanse <0.8 <0.8 <0.8 <1.0
Dakola <0.8 <0.8 <0.8 <1.0
Niangoloko <0.8 <0.8 <0.8 P25th <1.0
P50th <1.0
P75th <1.0
P100th 24.49
Ouagadougou P25th <0.8 <0.8 P25th <0.8 <1.0
P50th 3.73 P50th <0.8
P75th 10.03 P75th <0.8
P100th 18.91 P100th 1.06
Table 6
AFGI1 contents in relation to sample types and localities.
Aflatoxins Localities Maize Rice Sorghum meal Peanuts
AFG1 (pg/kg) Bobo Dioulasso <0.8 <0.8 <0.8 <1.0
Cinkanse <0.8 <0.8 <0.8 <1.0
Dakola <0.8 <0.8 <0.8 <1.0
Niangoloko <0.8 <0.8 <0.8 <1.0
Ouagadougou P25th <0.8 <0.8 <0.8 P25th <1.0
P50th <0.8 P50th <1.0
P75th 16.05 P75th <1.0
P100th 64.06 P100th 1.78
were found in the semi-urban localities of Niangoloko (0.17 ng/kg bw/
i;lélze 7 rents in relation ¢ et d localiti Day for pranut), Dakola (0.39 ng/kg bw/Day for husked and polished
contents in relation to sample types and localities. . .
pe byp rice) and Cinkanse (4.29 ng/kg bw/Day for sorghum meal). For the
Aflatoxins  Localities Maize Rice  Sorghum  Peanuts health risk analysis, it was therefore decided to group together the two
meal cities (Ouagadougou and Bobo Dioulasso) and the semi-urban localities
AFG2 (pg/  Bobo <0.3 <0.3 <03 <0.4 (Cinkanse, Dakola and Niangoloko).
kg) dioulasso Figs. 3 and 4 show the probabilistic MOE values for peanut and
Cinkasse <0.3 <0.3 <03 <0.4 husked and polished ri h 1 and whol . o . .
Dakola <0.3 <03 <03 <0.4 usked and polis 'e. rice, sorg' um meal and whole grain maize in semi-
Niangoloko <0.3 <03 <03 <0.4 urban and large cities respectively.
Ouagadougou ~ P25th  1.25 <03  <0.3 <0.4 The analysis in Fig. 3 shows that for peanuts and husked and polished
PS0th  1.89 rice, the MOE values were below 10,000 for semi-urban while in large
533:11 igz cities, they were above 10,000. Fig. 4 shows that for sorghum meal and

whole grain maize, on the other hand, the MOE values were below
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Table 8
AFTOT contents in relation to sample types and localities.
Aflatoxins Localities Maize Rice Sorghum meal Peanuts
AFTOT (pg/kg) Bobo dioulasso P25th <0.3 P25th <0.3 P25th <0.3 P25th 11.36
P50th 5.6 P50th <0.3 P50th <0.3 P50th 14.09
P75th 69.34 P75th 1.04 P75th <0.3 P75th 133.42
P100th 122.16 P100th 4.83 P100th 176.11 P100th 185.65
Cinkanse <0.3 <0.3 P25th <0.3 <1.5
P50th 2.12
P75th 5.32
P100th 11.22
Dakola P25th <0.3 <0.3 <0.3 <1.5
P50th <0.3
P75th 1.65
P100th 3.31
Niangoloko <0.3 <0.3 <0.3 P25th <15
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Fig. 2. Comparison of medians of total aflatoxin (AFTOT) (A) and Aflatoxin B1 (AFB1) (B) levels with maximum tolerated values in foodstuffs.

Table 9
Estimation of daily doses of populations exposed to AFB1.

Localities Chronic Daily Intake (CDI) (ng/kg bw/ Total CDI (ng/kg
Day) “bw/Day)
Maize  Rice  Sorghum Peanut
meal
Cinkanse - - 4.29 - 4.29
Dakola - 039 - - 0.39
Niangoloko - - - 0.17 0.17
Bobo 2.48 - 2.45 5.25 10.18
Dioulasso
Ouagadougou 33.68 - - - 33.68

? bw = body wight.

10,000 for large cities and remain above 10,000 in semi-urban localities,
which implies that the consumption of these foodstuffs contaminated
with AFB1 entails a carcinogenic risk to public health in large cities.

4. Discussion

Aflatoxin contamination of cereal and oilseed foods is an important
issue for international agricultural trade, food safety and human nutri-
tion organizations. In many African countries, this contamination rea-
ches levels that can compromise the consuming population’s health.

The results obtained in this study showed that 41.50% of all samples
analyzed were contaminated by aflatoxins. This high proportion of
contaminated samples could be associated with factors related to culti-
vation conditions including late harvesting of cereals, storage of insuf-
ficiently dried cereal seeds and damage to seeds during dehulling
(Dieme et al., 2016). In addition, Burkina Faso has a tropical climate
characterized by periodic droughts, high humidity and high pre-harvest
temperatures in the high-growth regions of the west, south and east
These conditions are ideal for the growth of Aspergillus fungi and the
production of aflatoxins in cereals (Ibrahim et al., 2018). An analysis of
the results by food matrix shows that sorghum meal was the most
contaminated with 57.44% of the samples. The process of obtaining
meal from sorghum seeds could explain this high percentage of
contamination of meal samples. Indeed, before milling, sorghum seeds
are soaked in water for at least 12 h, which increases the moisture
content, an ideal condition for the proliferation of aflatoxin-producing
moulds (Nguyen, 2007).

Aflatoxins of type B1 and B2 were the most common in the samples.
For AFB1, high levels were found in whole grain maize samples collected
in the city of Ouagadougou (166.81 pg/kg) and in peanut samples
collected in the cities of Bobo Dioulasso (182.28 pg/kg) and Niangoloko
(23.89 pg/kg). These levels were respectively 83.40 times, 91.14 times
and 11.94 times higher than the maximum tolerated limit of AFB1 in
foodstuffs which is 2 pg/kg. The problem of AFB1 contamination in
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Fig. 3. Margine Of Exposure (MOE) values for Peanut and rice from semi-urban localities A(1) and A(2) respectively and from large cities B(1) and B(2) respectively.
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Fig. 4. Margine Of Exposure (MOE) values for Floor and Maize from semi-urban localities A(1) and A(2) respectively and from large cities B(1) and B(2)

respectively.

cereals and oilseeds is common to several African countries. In Senegal,
for example, levels of AFB1 up to 852.2 pg/kg were detected in whole
grain maize samples, while in Tanzania, these levels reached 1081 pg/kg
in the same matrix (AfricaAIMS, 2016). According to the same source, in
Uganda the amount of aflatoxin in maize ranges from 86 pg/kg to 3300
pg/kg with 20%-65% of samples exceeding the maximum limit. The

aflatoxin found in sorghum ranged from 25 pg/kg to 514 pg/kg with
65%-100% of samples exceeding the maximum limit. The contamina-
tion of cereals by aflatoxin is therefore widespread in Africa and has
been studied in several countries. In most of these countries, almost half
of the cereal production has an aflatoxin content above international
standards.
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To determine the health condition of the exposed population, a
comparison of the concentration of contaminants with the standard
limits is not enough, hence health risk assessment should be performed
(Zafarzadeh et al., 2018). In the current study, the probabilistic Monte
Carlo method was used to assess the carcinogenic risk of the analyzed
foodstuffs. The results showed that in semi-urban localities, there was no
carcinogenic risk for the populations consuming the analyzed foodstuffs.
In contrast, for large cities, the consumption of studied foodstuffs was
associated with a carcinogenic risk for the populations. Thus, it appears
that populations in large cities were more exposed to hepatocarcino-
genic risk than those in semi-urban localities. This impression could be
due to the higher contamination of foodstuffs in cities. Indeed, the
highest daily exposure of consumers to AFB1 were found in the cities of
Bobo Dioulasso and Ouagadougou with values of 5.25 ng/kg bw/Day
(for peanuts) and 33.68 ng/kg bw/Day (for whole grain maize)
respectively. While this situation is understandable for the city of Bobo
Dioulasso, which is located in the west of the country and is charac-
terized by rainfall of up to 1200 mm/year and high relative humidity
and temperatures, it seems more paradoxical for the city of Ouagadou-
gou, which is located in the center of the country and has a hot and dry
climate (Ibrahim et al., 2018). However, as large cities are places of food
consumption and not production, foodstuffs are transported from agri-
cultural areas to be stored in large quantities for a long period by traders.
This storage takes place in large, poorly ventilated and closely packed
warehouses, all of which promotes the proliferation of
mycotoxin-producing fungi, including aflatoxins. In addition, foodstuffs
arriving in large cities may be contaminated at source in the regions
where they were grown.

The MOE values found in this study are very high compared to those
reported in other studies. For example, Blanco-Lizarazo (Blanco-Lizar-
azo et al., 2019) found MOE values below 8500 in the carcinogenic risk
assessment for the Colombian population consuming corn arepas.
Similarly, Shepherd (Shephard, 2008) showed in his study that for
whole grain maize, peanuts, sorghum, and beer, the MOE values were
6.5 in Kenya, 37.8 in Botswana, 621.7 in Gambia and 202 in Tanzania
respectively. In other continents, a study carried on the exposure
assessment and risk characterization of aflatoxins intake through con-
sumption of maize products in the adult populations of Serbia, Croatia
and Greece revealed that the estimated average exposure of adults to
aflatoxins, from maize consumption, in each of the three countries was
between 0.44 ng/kg bw/day and 5.59 ng/kg bw/day (Bozidar et al.,
2021). Margin of exposure values for the mean exposure levels, in all
three countries, were between 30 and 389 (Bozidar et al., 2021). The
very high MOE values in this study could be explained by the food
consumption data used. Indeed, these data appear to be very outdated as
they date back to 2003 on the one hand, and on the other hand, they
were established on the basis of a study carried out in only two com-
munes, which are, moreover, rural communes of Burkina Faso. Thus,
their extrapolation to the whole country presents a problem of repre-
sentativeness with regard to the disparity of food habits in rural,
semi-urban and urban localities. It is therefore imperative that studies be
conducted to make available the most important food consumption data
in Burkina Faso, all of which will enable reliable risk assessment of
contaminants in food to guide policy-making for food safety. In addition,
aflatoxin determinations should be carried out on ready-to-eat food
products to avoid bias due to atypical changes in the aflatoxin content of
the raw products by the culinary processing (Bozidar et al., 2021).
Research should also be extended to younger age groups, including
toddlers and children.

5. Conclusion
The aim of this study was to investigate aflatoxins contents in com-

mon foodstuffs sold in markets from 5 localities of Burkina Faso and to
evaluate the carcinogenic risk the consuming population was exposed
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to.

The results showed that the problem of agricultural food products
contamination was a reality in Burkina Faso, exposing the consuming
population to a significant hepatocarcinogenic risk. The MOE values
obtained showed that this risk was greater in large cities than in semi-
urban ones. However, the consumption data used for the calculation
of MOE dates back to 2003. Using more recent data could lead to even
more alarming results. It is therefore imperative that the health and
agricultural authorities, in a joint effort, take strong action against the
agricultural food products contamination in order to protect the
consuming population’s health.
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