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ABSTRACT

A total of four samples of rice intended for infant flour production in Ouagadougou were received at
the Physico-chemistry laboratory of Food Technology Department (DTA) for quality control. The
latter were also tested for Aspergillus section Flavi presence and analyzed for aflatoxins B1, B2, G1
and G2 content using high performance liquid chromatography (HPLC). Among the twenty (20)
strains of mold isolated from these samples, three Aspergillus section Flavi were obtained and
cultivated in “Aspergillus flavus and parasiticus Agar (AFPA)” to ascertain if they belong to
Aspergillus flavus or Aspergillus parasiticus species. The qualitative ability of aflatoxin production
was also performed by fluorescence emission under ultra violet light at 365 nm after four days of
incubation at 30 °C on Coconut Agar Medium (CAM). Statistical analysis results showed that 75% of
samples were contaminated with total aflatoxins (AFs) with contents ranging from 0.54 + 0.06 to
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2.40 £ 0.07 pg/Kg. Aflatoxin B1 (AFB1) and aflatoxin B2 (AFB2) were detected in two contaminated
samples. AFB1 had the highest concentration as compared with other aflatoxins. A significant level
of contamination (p< 0.0001) was observed in sample R441 compared to other sample types.

Keywords: Aflatoxins; Rice; identification; Aspergillus; Burkina Faso.

1. INTRODUCTION

Rice (Oryza sativa L.) is one of the most
consumed cereal staple foods worldwide [1].
Worldwide contribution of rice is about 20% of
total consumed staple foods and 40% of energy
intake [2]. Rice occupies the 4t place among the
cereals cultivated in Burkina Faso, both in terms
of area, production and annual consumption. In
fact, the annual consumption of rice in Burkina
Faso greatly exceeds 400,000 T and is
increasing at a rate of about 5.6%. It is the cereal
with the most yield (2.18 T/h) ahead of the three
other crops, namely sorghum, millet and maize
[3]. Rice plays an important role in the economy
and in the consumption of urban and rural
households in West African countries. In
addition, because of the ease and low costs of its
preparation, the low prices and the regularity of
its supply, rice has become a staple foodstuff
and a strategic product for a good part of the
world population [4]. However, the development
of the rice value chain comes up against multiple
obstacles, including the quality of the grain due
to the different conditions of production,
harvesting, drying, threshing and storage, which
constitute an obstacle for this sector [5].

In Burkina Faso, rice is grown in wet soils for
almost the entire year, we have upland rice as
well as that of the lowlands and slopes of certain
rivers [4]. This permanent humidity coupled with
poor rice harvesting and threshing practices
make the panicles more subject to invasion by
toxigenic molds [6]. In fact, in most areas with
high production, mature grains are cut and left on
the ground while farmers take care of other crops
(peanuts, cowpeas, etc.). These practices leave
cereals within the reach of insects, rodents and
soil microorganisms such as toxigenic molds [7].
Fungi infestation in the grain occurs in the field,
during its formation, or in the warehouse, if this
latter is not adequately treated during storage.
Reddy and Sathyanarayana [8] Ilisted 143
different fungi species that were found in rice.
But the isolates majorly described as
mycotoxigenic belong to the genera Aspergillus,
Penicillium and Fusarium. Aflatoxins B1 (AFB1),
B2 (AFB2), G1 (AFG1) and G2 (AFGZ2), citrinin
(CIT), sterigmatocystin (STE), fumonisins B1
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(FB1), B2 (FB2) and B3 (FB3), zearalenone
(ZEA), cyclopiazonic acid (CPA), patulin (PAT),
gliotoxin (GLI) and different trichothecenes are
some of the mycotoxins isolated from rice.
Aflatoxins (AFs) are the more frequently met and
were produced by Aspergillus section Flavi such
as Aspergillus flavus which produces only
aflatoxins B, Aspergillus parasiticus which
produces both B and G aflatoxins, A. nomius, A.
bombycis, A. pseudotamari, and A.
ochraceoroseus [9]. Among aflatoxins, AFB1 is
the most toxic form for mammals and presents
hepatotoxic properties [10]. However, mycotoxin
producing fungi is less commonly reported for
rice than for many other cereal crops [11] but rice
represents a very good substrate for fungal
growth and toxinogenesis since it is used as an
ideal culture medium to test the toxigenic
potential of isolated strains. As a result, these
foods are subject to export restrictions to
countries with regulations on mycotoxin residue
limits. In fact, the maximum residue limit fixed by
the European Union for AFB1 in rice and its
derivate products is 2 pg/kg, except for baby
foods and processed cereal-based foods for
infants and young children, where the
Commission established a level of 0.1 pg/kg [12].
For other aflatoxins, a limit of 4 ug/kg has been
set [13]. The Codex Alimentarius is in force in
several countries in West Africa and stipulates
that the acceptable limits of the AFB1 and AFs
content in rice grain are respectively 2 pg/Kg and
5 pg/Kg [13]. Thus, our study aimed to determine
the occurrence of all kinds of aflatoxins in rice
samples intended for infant flour production in
Ouagadougou using different methods and to
identify the molds responsible for
aflatoxinogenesis by  morphological and
physiological criteria.

2. MATERIALS AND METHODS

2.1 Determination of pH and Moisture
Content

The moisture content was measured by drying 5
g of rice samples in an oven at 105 °C = 2 °C
during 12 h [14]. For sample pH determination,
standards methods were used. The tests were
repeated three times.
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2.2 Sampling and Fungi Isolation from
Rice Sample

Four local samples rice intended for infant flour
production in Ouagadougou city of Burkina Faso
were received in January 2021 at the Physico-
chemistry laboratory of Food Technology
Department (DTA) for quality control. Molds were
isolated according to Ulster or direct method. It
involved depositing directly several rice grains on
Potato Dextrose Agar (PDA) at 30 °C until four
days. A total of twenty (20) fungi were collected
from the local rice samples. Aspergillus spp
strains among these isolates has shown
powdery, filamentous appearance, yellowish,
greenish, or blackish colonies which may be the
interest strains. Also, a microscopic view of
isolates conidiophores of strains was performed
on an optical microscope to put away strains
having a septate and non-hyaline conidiophore.
Thus, among these isolates, three (3) related to
Aspergillus spp. were selected for morphological
and physiological characterization. “Aspergillus
flavus and parasiticus Agar (AFPA)” was used to
identify  Aspergillus flavus and Aspergillus
parasiticus according to Pitt et al. [15] and Cotty
[16] protocols. Systematic determination and the
morphological identification of the strain were
made on the Potato Dextrose Agar (PDA) at 25
°C and 37 °C depending on the methods used by
Christensen [17] and Hocking [18]. Inoculation
was done in three points equidistant.

2.3 Reference Strains

Three reference strains served as a basis for
comparison. It was UBOCC-A-106031
(Aspergillus flavus aflatoxinogenic) of French
origin, UBOCC-A-111042 (Aspergillus parasiticus
var. globosus aflatoxinogenic) of Japanese origin
as well as Sz (Aspergillus flavus aflatoxinogenic)
strain previously isolated from groundnut in
Burkina Faso and identified [19]. These
reference strains stored at - 4 °C were Revivified
in sabouraud broth at 30 °C for 4 days. They
were then subcultured onto the Potato Dextrose
Agar (PDA) medium and incubated at 30 °C for
four days, for a comparison of cultural and
microscopic characters with strains isolated from
rice grain.

2.4 Aflatoxins Analysis

2.4.1 Qualitative analysis

The qualitative analysis of aflatoxin production by
three Aspergillus section Flavi was carried out by
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means of a visual assessment of a blue
fluorescence emitted by the strains on the
Coconut Agar Medium (CAM) at 30 °C. Thus, the
isolated strains and those of references have all
been cultured on this medium at 30 °C for four
days. Thus, 20 g of shredded coconuts have
been homogenized for 5 min with 300 ml distilled
water heated to about 70 °C. The solution was
filtered through tissue. The agar has been added
to coconut broth at the rate of 20 g/l then the
mixture was autoclaved at 121 °C for 15 min.
The final pH was adjusted to 7.0. UV plate was
used to view colonies under ultra violet light at
365 nm. When the test is negative there is no
blue fluorescence around the colonies observed
[20].

2.4.2 Quantitative analysis by HPLC

Aflatoxins quantitative analysis of the four rice
samples was carried out by HPLC at the
toxicology department of National Public Health
Laboratory (LNSP) in Ouagadougou. The
principle consisted in extracting the aflatoxin in
the samples of rice grains by the use of suitable
organic solvents, in purifying this aflatoxin on an
immuno-affinity column and then in identifying
and quantifying it [14].

Extraction: 25 g of ground rice was weighed and
placed in a jar. 125 ml (V1) of extraction solution
(70% methanol / 30% distilled water) was added
to the sample and stirred for 20 min. The solution
was then filtered with pleated filter paper and 15
ml of the filtrate (V2) were taken by means of a
pipette and transferred in a conical flask then
completed with 30 ml of distiled and
homogenized water to give a total volume of 45
ml (Vs).

Purification: It was done using immunoaffinity
columns. They were placed on the variant
cuvette and using a pipette, 15 ml of the mixture
(filtrate + distilled water) (Vi) was taken and
deposited in the solvent reservoir of the
immunoaffinity column where it will retain the
desired aflatoxin molecules. The molecules were
then washed with 20 ml of distilled water. 1.5 ml
(Vs) of methanol was put in the immunoaffinity
column to elute the aflatoxin molecules and this
solution was collected in vials and sent to HPLC
for detection and quantification of aflatoxins
molecules.

Identification and quantification: This step of
the analysis was based primarily on HPLC. 50 pL
(Ve) of standard solution was injected into the
injection loop. Detection and quantification were
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carried out through a chromatogram. The
aflatoxins are eluted in the following order G2,
G1, B2, B1, with respective retention times of
approximately 6 min, 8 min, 9 min and 11 min.
Each aflatoxin peak in the chromatogram from
the analysis of the test sample was identified, by
comparing the retention times to those of the
corresponding  reference  standards. The
guantitative determination was carried out
according to the external standard method with
integration of the peak area or the height of the
peak, then comparison with the corresponding
value of the standard substance.

Calculation of results: The mass m:in grams of
the test sample present in the fraction of the
filtrate taken from the immunoaffinity column (Va)
was calculated using the following equation:

mo is the mass of the test sample in grams
(mo =25 g)

V1 is the total volume of the first mixture, in
milliliters (V1 = 125 ml)

V2 is the volume of the fraction of the first
filtrate taken for dilution, in milliliters (V2 =
15 ml)

Vs is the total volume of the diluted
solution, in milliliters (V3 = 45 ml)

V4 is the volume withdrawn from the diluted
solution, in milliliters (V4 = 15 ml).

The mass fraction of each aflatoxin, wi in
micrograms per sample kilogram was calculated,
using the following equation:

V5><m,-
w,=——
b Vexm,

Vs is the volume of the eluate, in microliters
(Vs = 1500 pl)

Vs is the volume of the sample extract
purified and injected, in microliters (Ve = 50
M)

m; is the mass of each aflatoxin i present in
the injection volume corresponding to the
measured peak area or to the peak height
recorded on the calibration curve, in
nanograms

m; is the mass of the test sample present
in V4 taken for the immunoaffinity column,
in grams.

The mass fraction of total aflatoxins will be
obtained by adding the mass fractions of the four
aflatoxins.
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2.5 Statistical Analysis

The differences in aflatoxins concentration and
those of physicochemical analyzes in rice
samples were compared by Analysis of variance
(ANOVA) using XLSTAT-Pro 7.5.2 software.
Interpretation of values was performed
using Newman-Keuls test at probability level p =
5%. The results were expressed as mean = SD
and the measures were repeated three times
(n=3).

3. RESULTS

3.1 Determination of pH and Moisture
Content

The moisture content of rice samples ranged
from 8.65 to 8.92%, indicating that our samples
are slightly damp (Table 1).

Table 1. Moisture rate of rice samples

Sample Moisture rate (%)
R435 8.70 £ 0.072
R436 8.65 £ 0.042
R439 8.84 + 0.04°
R441 8.92 £ 0.01°

Values denoted by different superscripts in each
column are not significantly different at 5% probability
level according to Newman — Keuls test.significance
level< 0.0001

The pH results of the various rice samples
analyzed indicate that all the samples are slightly
acidic, with pH values ranging from 5.03 to 5.05
(Table 2).

Table 2. pH values of rice samples

Sample pH

R435 5.05 + 0.012
R436 5.04 + 0.032
R439 5.03 £ 0.012
R441 5.03 + 0.012

Values denoted by different superscripts in each
column are not significantly different at 5% probability
level according to Newman — Keuls test. significance
level < 0.0001

3.2 Morphological Identification of Mold
Isolates

A total of twenty (20) mold strains were isolated
from the four rice samples, of which
three (3) belong to Aspergillus section Flavi
(Table 3).
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3.2.1 Macroscopic characteristics

Isolates F1 and F2 showed almost the same
visual characteristics as those of UBOCC-A-
111042 A. parasiticus reference strain on the
PDA medium. Both isolates showed diameter
between 30 to 35 mm, the colonies were deep
yellow green, velutinous in its center compared
to that of reference S2-A. flavus and UBOCC-A-
106031 A. flavus, yellow-brown reverse with
increased pigmentation. However, UBOCC-A-
111042 A. parasiticus were green with white
mycelia and roughened with age after splitting
into columns and produced white sclerotia in the
center. Isolate F1 produced exudates. As for F3
isolate, it was rather similar to the strain Sz A.
flavus  and UBOCC-A-106031 A. flavus
reference. The strain F3 isolate also exhibited the
same visual characteristics as both reference
strains UBOCC-A-106031 and S2-A. flavus on
the PDA medium and with, however, Fz presents
yellow green colonies with white mycelia at the
edge and produced exudates (Table 4 and Fig.
1).

3.2.2 Microscopic characteristics

In optical microscopy, all strains have a
conidiophore, not septate, hyaline with a radiant
conidial head and variations at the seriation level,
form and dimensions of the vesicle, hyphae and
conidia (Table 3 and Fig. 2). Thus, reference
strain UBOCC-A-111042 A. parasiticus and both
local isolates Fi1 and F2 predominantly were
uniseriate with radiate conidia heads, of which
some were knodding at the tip of the stipe. The
vesicle was pyriform to globose and measured
24-35 pym in diameter and is yellow for the local
strain F1 and the reference strain UBOCC-A-

111042 A. parasiticus. Stipe length was 320-480
pum for F1and 380-450 um for F2 with thick and
smooth walls which were uncolored. Conidia size
ranged between 4-6 pm; smooth; globose and
green in color. Reference strains UBOCC-A-
106031 A. flavus and isolate F3 showed a longer
rough conidiophore (400-930 um) than reference
strain UBOCC-A-111042, which had conidial
heads tilted to the side end of the stipe. Both
have biseriate vesicles which were spherical to
globose with a diameter between 14-43 um. The
conidia size ranged between 3-5 pm; globose;
smooth to finely rough and yellow-green color.

3.3 Aflatoxins Production Capacity

Analysis of strains ability to produce aflatoxins
through blue fluorescence emission from
colonies in Coconut Agar Medium (CAM) showed
all local isolates Fi, F2 and Fs and those of
reference strains UBOCC-A-106031, UBOCC-A-
111042 and S: are aflatoxins producer. These
results were corroborated with their positive
response on AFPA medium (Table 6).

3.4 Aflatoxins level in Rice Grains

The aflatoxin level in rice samples intended for
infant flour production from Ouagadougou city
are recorded in Table 7 and Fig. 5. AFs ranged
from 0.54 + 0.06 to 2.40 + 0.07 pg/Kg. The
highest AFB1 contents was 2.18 + 0.04 pg/Kg.
75% of the samples were found to be
contaminated with AFs. These were R436, R439
and R441. R441 had the highest concentration
(240 + 0.07 pg/Kg), R436 had the lowest

concentration (0.54 + 0.06 pg/Kg), while R435
was free from aflatoxins.

Fig. 1. Strains macroscopic aspects F; (1), F2 (2), UBOCC-A-111042 (3), in PDA medium at 4
days of incubation at 30 °C
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Table 3. Number of Aspergillus section Flavi isolates from collected rice samples

Sample Number of total molds Number of Aspergillus Isolates code
isolates section Flavi isolates

R435 3 0 -

R436 5 1 F1

R439 4 1 F2

R441 8 1 Fs

Total 20 3 -

Table 4. Macroscopic characters on the 4" day of incubation at 30 °C of Aspergillus section
Flavi strains on PDA medium

Strain Macroscopic characteristics

F1 Colonies were deep yellow green, velutinous in its center compared
to that of Sz-A. flavus and UBOCC-A-106031 A. flavus, yellow-brown
reverse with increased pigmentation, some white sclerotia were in the
colonies center whose diameter was about 30—-35 mm, produced
exudates.

F2 Colonies were deep yellow green, velutinous in its center compared
to that of Sz-A. flavus and UBOCC-A-106031 A. flavus, yellow-brown
reverse with increased pigmentation, some white sclerotia were in the
colonies center whose diameter was about 30-35 mm.

UBOCC-A-111042 A. Colonies were green with white mycelia and roughened with age after
parasiticus var. globosus splitting into columns and produced white sclerotia in the center in the
aflatoxinogenic colonies whose diameter was about 30—35 mm.

Fs Colonies were white, becoming yellowish yellow green then dark

green, downy, raised; the texture is velvety radiant at the edge, fluffy,
cottony and denser and dark green in the center, colonies smaller
than those of Sz whose diameter between 25-30 mm, produced
exudates.

S2A. flavus aflatoxinogenic  Colonies were white, becoming yellowish green then dark green,
downy, raised; the texture is velvety radiant at the edge, fluffy,
cottony and denser and dark green in the center with white sclerotia,
colonies diameter is between 40-55 mm with a yellowish reverse.

UBOCC-A-106031 A. Colonies were white, becoming yellowish green then dark green,

flavus aflatoxinogenic downy, raised; the texture is velvety radiant at the edge, fluffy,
cottony and denser and dark green in the center, colonies smaller
than those of Sz whose diameter between 25-30 mm.

Table 5. Microscopic characters of Aspergillus section Flavi strains

Strain Stipe Seriation Length Vesicle Conidia  Conidia
texture Conidiophore  diameter size (um) Head/Shape
(um) (um)

F1 smooth  uniseriate 320-480 24-32 4-6 Radiate
F2 smooth  uniseriate 380-450 29-35 4-6 Radiate
UBOCC-A- smooth uniseriate 200-430 28-32 4-7 Radiate
11042

Fs rough biseriate 400-930 14-43 3-5 Radiate
S2A. flavus  rough biseriate 400-800 14-43 3-5 Radiate
UBOCC-A- rough biseriate 450-930 14-43 3-5 Radiate
106031
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Table 6. Summary table of results of culture on AFPA and CAM

Strain Orange yellow color in Aflatoxins production capacity
the colonies reverse on by fluorescence emission under
AFPA as shown Fig. 4 UV on CAM as shown Fig. 3

F1 +

F2

UBOCC-A-111042 A. parasiticus
F3

S, A. flavus

UBOCC-A-106031 A. flavus

+ + + + + o+
+ + 4+ + +

Table 7. Aflatoxin level in rice samples

Aflatoxin (ug/kg) R435 R436 R439 R441 Codex limit
B1 (ppb) nd Nd 0.79+0.03> 2.18+0.042 2

B2 (ppb) nd Nd 0.06 £ 0.01® 0.22+£0.042 -

G1 (ppb) nd Nd 0.17+0.032 nd -

G2 (ppb) nd 0.54+0.062 nd nd -
significance level < 0.0001

AFs nd 0.54 + 0.06 1,01 £0.06 240+0.07a 5

nd = not detected. For each line and for each rice sample, the means which are in common the same letter are
not significantly different according to the Newman-keuls test at the 5% probability level

Fig. 2. Strains aspergillaires heads F;1 (1), UBOCC-A-111042 (2), F3 (3) and UBOCC-A-106031 (4)

2 3

Fig. 3. Showed the detection aflatoxigenic Aspergillus section Flavi strain by Coconut Agar

Medium (CAM) under UV light at 365 nm on the 4th day of incubation at 30 °C. (1) control of

aflatoxigenic strain UBOCC-A-111042, (2) Fiisolate and (3) Fs isolate showing a blue-green
fluorescent ring around the colony
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Fig. 4. Positives strains F; (1,2) and UBOCC-A-111042 (3,4) as (yellow-orange reverse) on
AFPA medium after 4 days of incubation at 30 °C
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AFB2 and AFG1 in sample R439, AFB1 and AFB2 in sample R441
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4. DISCUSSION

Mycotoxins are among the most important
concerns for food safety and human health,
especially aflatoxins in agricultural products such
as cereals. The results of the physicochemical
tests obtained from the present study have
revealed the character slightly acidic of the rice
samples. These results were in concordance with
those obtained from rice by Nguyen [21] in
Vietnam. The pH values are very favorable to the
growth of molds because according to Gauthier
[22], molds can grow in a pH range from 3 to 8,
with optimal growth being rather between 5 and
6. The production of mycotoxins takes place for
pH close to optimal growth pH [23,24]. Thus, due
to their acidity, many foods are much more
subject to fungal than bacterial spoilage [25].
These results were in concordance with those
obtained from the maize seed by Gao et al. [26]
and Nyongesa et al. [27] respectively in
northeast China and Kenya. In our study,
moisture content in rice varied between 8.65 to
8.92%. According to Huong et al. [2] Aspergillus
flavus shows optimal production of aflatoxins at
28 °C and 8-12% moisture content. Our data
could be explained mold proliferation in rice
sample. Indeed, the good drying of cereals is a
determining factor of long-term conservation.
Poorly dried rice increases the rate of grain
breakage during threshing. The high moisture of
the grains also facilitates the attack of the
surface of the grains thus facilitating the access
of the molds to the internal structures of the
cereals which contain the nutrients [28]. For the
different samples, statistical analyzes showed no
significant differences between pH values and
the different moisture contents.

Identification based on morphological and
physiological characteristics revealed that
isolates F1 and F2 of Aspergillus section Flavi
have characteristics common to the reference
strain  UBOCC-A-111042 A.  parasiticus.
Therefore, they were classified as belonging to
this species. This classification was based on the
determination of the cultural characters observed
on the PDA, and AFPA media and the
microscopic characters which correspond to
those of A. parasiticus. In addition, the analysis
of aflatoxins in the rice samples R436 and R439
in which we isolated F1 and Fz showed the
presence of AFB and AFG. According to some
authors A. parasiticus is able to produce both
types of aflatoxin [9,23]. Determination of the
aflatoxin production capacity from the emission
of fluorescence on the CAM medium and the
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guantification of aflatoxins in rice by HPLC. The
local isolate Fs of Aspergillus section Flavi
shares characteristics with the reference strain
UBOCC-A-106031 A. flavus. We have classified
it in this species. The results relating to the
morphological criteria show that this isolate
corresponds to those of A. flavus. According to
several mycologists A. flavus is the most
frequently encountered contaminant in cereals,
especially in humid and hot countries [2,6].
Furthermore, the analysis of aflatoxins in the
R441 rice sample in which we isolated Fs
revealed the presence of AFB only. Our results
showed similar observations to those of
Katsurayama et al. [29] who demonstrated that
A. flavus is not able to synthesize AFG. Thus, the
high dose of AFB in the rice samples could be
explained by the fact that this Iatter is
synthesized by A. flavus and A. parasiticus

while AFG is only produced by A.
parasiticus.
Aflatoxin  production ability performed by

fluorescence under UV light of local isolates and
reference strains by cultivating them on CAM
were in concordance with those obtained by
HPLC quantification. All isolates showing blue
fluorescence emission. These findings are similar
to those observed by Alkhersan et al. [30] who
confirmed emission of blue fluorescence around
colonies of A. flavus aflatoxinogenic isolated from
poultry feed by ammonia vapor production on
CAM medium.

Quantitative aflatoxin analysis by HPLC revealed
that three of the four samples analyzed were
contaminated with aflatoxins. The highest dose
of AFs was 2.40 + 0.04 pg/Kg and was detected
in sample R441, AFB1 was present in two
samples and its highest value was 2.18 + 0.04
pHg/Kg. Which was above the EU regulation
1881/2006 for AFB1. This legislation limits for
peanuts, cereals and derived from cereals other
than maize and rice was 2 pg/kg for AFB1, 4
pg/kg for AFs. Nevertheless, AFs content in our
samples was lower than this limit. But if during
the manufacturing process of infant flours this
aflatoxin is not denatured, it could be found in the
flours and cause disease in newborns, The EU
Regulation 1881/2006 limits for infant formulas
are 0.1 pg/kg for AFB1. Indeed, an ingestion of
only 20 pg/Kg may cause irreversible damage to
the liver, especially in infants. The Acceptable
Daily Intake (ADI) or Tolerated Daily Intake (TDI)
which designates the theoretical maximum
guantity of substance which can be administered,
daily and throughout life, to an individual
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(sensitive or not) without risk of causing
occurrence of adverse health effects is 0.15
ng/Kg/Day for AFB1 [31]. It is for this reason that
European standards are evolving towards zero
tolerance in foodstuffs for aflatoxins. The
contamination of our samples with aflatoxins
could be explained by the presence of toxigenic
strains Aspergillus section Flavi. Indeed, these
latters are the fungal contaminants most
frequently encountered in cereals and which
secrete aflatoxins there when environmental
conditions (temperature, humidity, pH, etc.) are
met, as is the case with the pH of our relatively
wet rice samples which are slightly acidic.
Several bad practices in Burkina Faso can
explain the level of cereals contamination.
Among others, there are bad cultural practices,
storage, threshing of poorly dried rice leading to
excessively high breaking rates facilitating the
proliferation of Aspergillus section Flavi [5]. Our
farmers often find it difficult to export their crops
to countries where aflatoxin regulations are very
strict and very large stocks are often rejected

[3].
5. CONCLUSION

In this study, we isolated twenty strains of mold
in four samples rice intended for infant flour
production, among which three strains of
Aspergillus section Flavi. The morphological
identification as well as the qualitative
determination of aflatoxin production ability was
confirmed by the results of the quantitative
analysis of aflatoxins by HPLC which also
revealed three samples were contaminated by
aflatoxin. However, this identification should be
confirmed by modern methods such as PCR and
household genes sequencing. Several studies in
the world on the incidence of mycotoxins in rice
report a large number of samples contaminated
with these metabolites of Aspergillus section
Flavi at high levels, especially in countries with
lower economic resources and where rice
constitutes the main nutritional source of
the diet. Given the danger and the almost non-
existent data available on the presence of
mycotoxins in foodstuffs in general and cereals
in particular in Burkina Faso, the present
study aims to raise awareness of the presence
of these fungal metabolites in rice and
probably in infant flour. Good production,
processing practices as well as Hazard
Analysis and Critical Control Points (HACCP)
from production to consumption must be
applied in order to protect the health of
consumers.

64

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Kennedy D. The importance of rice.
Science. 2002;296(5565):1-13.

DOI: 10.1126/science.296.5565.13

Huong BTM, Tuyen LD, Do TT, Madsen H,
Brimer L, Dalsgaard A. Aflatoxins and
fumonisins in rice and maize staple cereals
in Northern Vietnam and dietary exposure
in different ethnic groups. Food Control.
2016;70:191-200.
DOl:http://dx.doi.org/10.1016/j.foodcont.20
16.05.052

GDSSS/MAHAD. Yearbook of agricultural
statistics 2018,. General Directorate of
Studies and Sectoral Statistics, Ministry of
Agriculture and Hydro-Agricultural
Development, Burkina Faso. 2020;290.

Fall AA. Synthése des études sur I'état des
lieux chaine de valeur riz en Afriqgue de
I'Ouest: Bénin, Burkina Faso, Mali, Niger et
Sénégal. CORAF/WECARD  Janvier.
Rapport final. French; 2016

Sanou AG, Dembélé KD, Ouédraogo |,
Dakouo D. Problématique de mise en
oeuvre du systéeme de riziculture intensif
dans les périmétres rizicoles irrigués de
Karfiguéla et de la vallée du Kou au
Burkina Faso. International Journal of
Biological and  Chemical  Science.
2016;10(6):2693-2709.
DOl:http://dx.doi.org/10.4314/ijbcs.v10i6.2
3. French

Reddy KRN, Saritha P, Reddy CS,
Muralidharan K. Aflatoxin B1 producing
potential of Aspergillus flavus strains
isolated from stored rice grains. African
Journal of Biotechnology.
2009;8(14):3303-3308.

Waongo A, Yamkoulga M, Dabiré-Binso
LC, Ba NM, Sanon A. Post-harvest
conservation of cereals in the South
Sudanese zone of Burkina Faso: Farmer
perception and stock assessment.
International Journal of Biological and
Chemical Science. 2013;7(3):1157-1167.
DOI: http://dx.doi.org/10.4314/ijbcs.v7i3.22
Reddy OR, Sathyanarayana N. Seed-
borne fungi of rice and quarantine
significance. In: Sreenivasaprasad S,
Johnson R, editors. Major fungal diseases
of rice, recent advances. Dordrecht ed.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Compaoré et al.; JAMB, 21(10): 55-66, 2021; Article no.JAMB.73741

The Netherlands:
Publishers. 2001;367.
Compaoré H, Samandoulougou S, Waré
LY, Bambara A, Ratongue H, Sawadogo |,
et al. Identification of Aspergillus section
Flavi and Fumigati in maize grown in
Burkina Faso. International Journal of
Biosciences. 2021;18(6):25-36.

DOI: http://dx.doi.org/10.12692/ijb/18.6.25-
36

Ouattara/Sourabié PB, Nikiema AP, Barro
N, Savadogo A, Traoré SA. Aflatoxigenic
potential of Aspergillus spp. isolated from
groundnut seeds, in Burkina Faso, West
Africa. African Journal of Microbiology
Research. 2012;6(11):2603-2609.

Tanaka K, Sago Y, Zheng Y, Nakagawa H,
Kushiro M. Mycotoxins in rice. International
Journal of Food Microbiology.
2007;119:59-66.

EU Regulation. Regulation No 165/2010
setting maximum levels for certain
contaminants in food stuffs as Regards
aflatoxin. Official Journal of European
Union, L 50/12 European Union; 2010.

EU Regulation. Setting maximum levels for
certain contaminants in foodstuffs. Official
Journal of the European Communities.
1881/2006:20-25.

AOAC. AOAC International; Aflatoxins in
corn, raw peanuts and peanut butter:
immunoaffinity column (aflatest) method.
In; 2005.
Pitt JI,
improved

Kluwer  Academic

Hocking AD, Glenn DR. An
medium for detection of
Aspergillus  flavus  and  Aspergillus
parasiticus. Journal of Applied
Bacteriology. 1983;54:109-114.
Cotty PJ. Comparison of four media for the
isolation of Aspergillus flavus group fungi.
Mycopathologia. 1994;125:157-162.
Christensen M. A synoptic Key and
evaluation of species in the Aspergillus
flavus group. Mycologia. 1981;73:1056-
1084.
Hocking AD. Aflatoxigenic fungi and their
detection. Food Technology in Australia.
1982;34:1- 3.
Compaoré H, Sawadogo/Lingani H, Waré
LY, Guira F, Samandoulougou S,
Savadogo A, et al. Morphological and
molecular characterization of three fungi
strains isolated from locals foods in
Burkina Faso. International Journal of
Biosciences. 2016;9(6):374-382.
DOI: http://dx.doi.org/10.12692/ijb/9.6.374-
382

65

20.

21.

22,

23.

24,

25.

26.

27.

28.

Ouattara-Sourabie PB, Nikiema PA,
Traore AS. Caractérisation de souches
d’Aspergillus spp isolées des graines
d’arachides cultivées au Burkina Faso,
Afrique de I'Ouest. International Journal of
Biological and  Chemical  Science.
2011;5(3):1232-1249.

DOI: http://ajol.info/index.phpl/ijbcs. French
Nguyen M. ldentification des especes de
moisissures, potentiellement productrices
de mycotoxines dans le riz commercialisé
dans cing provinces de la région
centrale du vietnam - étude des conditions
pouvant réduire la production des
mycotoxines. Thése de Doctorat,
Université de  Toulouse, Toulouse.
2007;147. French.

Gauthier A. Mycotoxins in food and their

impact on health. Doctorate thesis,
University of Bordeaux, Bordeaux.
2016;132.

Makhlouf J. Characterization of Aspergillus
section Flavi biodiversity isolated from
foods marketed in Lebanon: molecular,
metabolic and morphological approach.
Doctorate thesis, University of Toulouse,
Toulouse. 2019;142.

Compaoré H, Samandoulougou S,
Tapsoba WF, Bambara A, Hissein R,
Sawadogo |, et al. Aflatoxigenic potential
of Aspergillus section Flavi isolated from
maize seeds, in Burkina Faso. African

Journal of Microbiology  Research.
2021;15(8):420-428.

DOI: 10.5897/AJMR2021.9553

Tabuc C. Fungal flora of different

substrates and optimal conditions for the
mycotoxins production. Doctorate thesis,
University of  Toulouse,  Toulouse.
2007;190.

Gao J, Liu Z, Yu J. lIdentification of
Aspergillus section Flavi in maize in
northeastern  China.  Mycopathologia.
2007;164:91-95.

DOI : 10.1007/s11046-007-9029-4.
Nyongesa BW, Okoth S, Ayugi V.
Identification Key for Aspergillus species
isolated from maize and soil of Nandi
county, Kenya. Advances in Microbiology.
2015;5:205-229.
DOI:http://dx.doi.org/10.4236/aim.2015.54
020

Dieme E, Fall R, Sarr I, Sarr F, Traoré D,
Seydi M. Contamination des céréales par
'aflatoxine en Afrigue: Revue des
méthodes de lutte existantes. International



29.

Compaoré et al.; JAMB, 21(10): 55-66, 2021; Article no.JAMB.73741

Journal of Biological and Chemical
Science. 2016;10(5):2285-2299.
DOIl:http://dx.doi.org/10.4314/ijbcs.v10i5.2
7. French

Katsurayama AM, Martins LM, lamanaka
BT, Maria HP. Occurrence of Aspergillus
section Flavi and aflatoxins in Brazilian
rice: From field to market. Journal of Food
Microbiology. 2018;226:213-221.
DOl:https://doi.org/10.1016/}.ijffoodmicro.20
17.12.008.

30.

31.

Alkhersan RN, Khudor MH, Abbas BA.
Rapid detection of aflatoxigenic producing
strains of Aspergillus flavus from poultry
fees by UV light and Ammonia. Basrah
journal of veterinary research. 2016;14(4):
169-178.

DOI: 10.13140/RG.2.2.36371.02086
Gauthier A. Les mycotoxines dans
l'alimentation et leur incidence sur la santé.
Thése de Doctorat, Université de
Bordeaux, Bordeaux. 2016;132. French.

© 2021 Compaoré et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://lwww.sdiarticle4.com/review-history/73741

66


http://creativecommons.org/licenses/by/4.0

	Journal of Advances in Microbiology
	21(10): 55-66, 2021; Article no.JAMB.73741

	Occurrence of Aflatoxins in Rice Intended for Infant Flour Production in Ouagadougou, Burkina Faso
	ABSTRACT
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	3. RESULTS
	4. DISCUSSION
	5. CONCLUSION
	COMPETING INTERESTS
	REFERENCES


