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ABSTRACT

Background: Tchapalo is a traditional beer made by fermenting sorghum,; it is widely consumed in Céte d’Ivoire and
may be contaminated with various chemical substances. The objective of this study was to assess the toxicological risk
associated with its regular consumption.

Methods: Forty samples of tchapalo were collected in four municipalities in the Abidjan district to test for chemical
contaminants. A questionnaire was administered to 40 female producers and 80 consumers, covering
sociodemographic data, consumption patterns, the nature and origin of raw materials, storage conditions, and
manufacturing processes. Mycotoxins and metals were analyzed using high-performance liquid chromatography
coupled with tandem mass spectrometry (HPLC)/LC-MS/MS and atomic absorption spectrometry, respectively. The
risk associated with exposure to chemical compounds was assessed by calculating the margin of exposure.

Results: Arsenic and lead were detected in all samples, with average concentrations of 205.1 £ 32.9 and 49.9 + 6.7 pg/L,
respectively. Aflatoxin B1 was quantified in 72.5% of the samples, with an average concentration of 3.20 pg/L. The
margins of exposure were 0.032 for arsenic, 17.1 for aflatoxin B1, and 1.53 for lead. These margins of exposure values,
which are below the threshold of 10,000 for aflatoxin B1 and arsenic, and 10 for lead, indicate a level of risk of concern
for consumers. Prolonged consumption of tchapalo exposes consumers to risks of skin and liver cancer, as well as kidney
damage.

Conclusion: A quality control plan for this beverage is necessary to ensure that consumers have access to safe food.
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1 INTRODUCTION

Tchapalo is a traditional beer produced by the alcoholic fermentation of wort made from malts derived from various
grains, such as sorghum, corn, and millet (Aka et al., 2017; Egounlety et al., 2019). It is one of the most widely consumed
fermented beverages in West Africa, where it is also known by various names, including “dolo” in Burkina Faso and Mali
and “pito” in Ghana and Nigeria (Ezekiel et al.,, 2018). In Cote d'Ivoire, this beverage, originally produced in the north
of the country, has gradually spread throughout the entire country (Kouassi et al., 2024). Highly popular among the
local population, tchapalo serves as an energy drink, a cultural product, and a source of income (Fokou et al,, 2016; Palé
et al, 2023). However, the grains used to produce this beer are substrates that are conducive to the growth of toxin-
producing molds of the genera Aspergillus, Fusarium, and Penicillium. These molds produce various mycotoxins, such
as aflatoxins, ochratoxin A, fumonisins, zearalenone, and deoxynivalenol (Nawaf, 2023; Adeyeye, 2020). Most of these
mycotoxins are known for their carcinogenic, mutagenic, immunotoxic, and neurotoxic effects (El-Sayed et al., 2022;
Hamad et al,, 2023; Shekhar et al,, 2025). Furthermore, these mycotoxins are resistant to heat treatments applied to
grains (cooking, pasteurization, sterilization) (Gavahian et al., 2021; Igbal et al,, 2021; Mir et al., 2021). In addition to
the risks associated with mycotoxins, tchapalo may also be contaminated by trace metals. These compounds, which are
highly resistant to degradation, accumulate in the food chain from various sources of contamination (soil, the
environment, and the manufacturing process). Grains can become contaminated with trace metals starting in the fields
through environmental exposure or during the various stages of tchapalo production from water or the utensils used
(Adepo et al., 2024; Scutarasu et al., 2023). Chronic exposure to these trace elements is associated with neurological,
renal, hepatic, and cardiovascular damage, as well as carcinogenic effects (Shaheen et al.,, 2016; Annar et al., 2022).
Mycotoxin contamination in cereal-based beverages has been reported in several studies around the world (Ezekiel et
al,, 2018; Schabo et al,, 2021). In Céte d'lvoire, research on tchapalo has focused primarily on its physicochemical
properties, microbiological and organoleptic qualities, as well as its manufacturing processes (Amane et al., 2009;
Amane et al,, 2012; Attchelouwa et al.,, 2020; Coulibaly et al., 2021). To date, no study has documented the level of
chemical contamination in Cote d’Ivoire. Thus, the objective of this study was to assess the toxicological risk associated
with its regular consumption in the Abidjan district.

2 MATERIALS AND METHODS

2.1  Description of the Study Area

This study was conducted in four municipalities in the Autonomous District of Abidjan, the economic capital of Cote
d’Ivoire, which had an estimated population of more than 6 million in 2021 (ANStat, 2023). These four municipalities
(Abobo, Anyama, Koumassi, and Yopougon) were selected based on their high population density and the documented
presence of female tchapalo producers and retail outlets (Fokou et al., 2016) (Figure 1). The climate of the study area
is equatorial, with an average annual temperature of 26 °C and relative humidity ranging from 80 to 90 %.

5 céte d'Ivoire

Abidjan
e Collection points

Figure 1: Study area

2.2  Sampling

A purposive sampling method was used to select production sites, with female producers and vendors identified
through a preliminary survey. A total of 40 samples of tchapalo were collected from 40 female producers at 18
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georeferenced sales locations, some of whom operate from the same location (Figure 2). These samples were collected
in four municipalities in the Abidjan district. Specifically, 15 samples were collected in Abobo, 6 in Anyama, 9 in
Koumassi, and 10 in Yopougon (Table 1). The collected samples were immediately transported to the laboratory in
coolers. They were divided into two aliquots; the first (300 mL) was acidified with nitric acid (HNO3) and stored at 4 °C
until trace metal analysis. The second, untreated aliquot (300 mL) was stored directly at 4 °C for mycotoxin analysis. All
analyses were performed at the ENVAL laboratory (Abidjan, Cote d’Ivoire), which is accredited under ISO/IEC 17025.

Figure 2: Tchapalo

2.3 Field Survey

Data were collected using a structured questionnaire administered to 40 female tchapalo producers and 80 consumers
at the same locations where samples were collected. The questionnaire for female producers focused on the nature and
origin of raw materials, storage conditions, production processes, types of utensils and containers, the quality of the
water used, and hygiene conditions at the site. At the consumer level, sociodemographic data (age, sex, body weight),
consumption, and smoking habits were collected (Table 1).

Table 1: Breakdown of producers and consumers by municipality

Localities | Producers | Consumers
Abobo 15 30
Anyama 6 12
Yopougon | 10 20
Koumassi | 9 18
Total 40 80

2.4  Analysis of physicochemical parameters

Four (4) physicochemical parameters were determined to characterize commercially available tchapalo. The alcohol
content was determined using the hydrometer method in accordance with ISO 4801. The soluble dry residue was
determined by refractometry in accordance with ISO 2173. Total acidity was determined by acid-base titration and
expressed in milliequivalents per liter (meq/L). The pH was measured by direct potentiometry on the homogenized
sample.

2.5 Contaminant analysis

2.5.1 Analysis of trace metals

Trace metals (As, Cd, Cr, Pb) were analyzed using inductively coupled plasma optical emission spectrometry (ICP-OES)
and cold-vapor atomic absorption spectrometry (AAS) for mercury (Hg). The concentrations of trace metals were
calculated from calibration curves, taking into account the dilution factor, the sample mass, and the analytical blank
value.
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2.5.2 Detection and quantification of mycotoxins

2.5.2.1 Extraction

A 5 mL sample of pre-homogenized tchapalo was placed in a centrifuge tube. Liquid-liquid extraction was performed
by adding 10 mL of a solvent consisting of a water/acetonitrile mixture (50/50, v/v), acidified with 1% acetic acid. The
mixture was then shaken on a rotary shaker at 30 revolutions per minute for 10 minutes to ensure optimal contact
between the sample and the solvent. After shaking, the tubes were centrifuged at 4,000 revolutions per minute for 5
minutes to separate the phases. The supernatant was collected and then transferred to an injection vial for analysis.

2.5.2.2. Mycotoxin quantification

Mycotoxin quantification was performed using high-performance liquid chromatography coupled with tandem mass
spectrometry (HPLC)/LC-MS/MS. An injection volume of 50 pl was used. A Phenomenex Kinetex 2.6 um C18 100 A
reverse-phase column (50 x 2.1 mm ID), with a 2.1 mm ID C18 precolumn, was used at a temperature of 50 °C. The
column was then pressurized to between 145 and 165 bars. The elution gradient had a flow rate of 0.4 mL/min. Mobile
phase 1 was a 99.5/0.5 mixture of water and acetic acid, while mobile phase 2 was a 99.5/0.5 mixture of isopropanol
and acetic acid. The detector was a Shimadzu LC-MS 8040, using electrospray ionization (ESI). Finally, the nebulizing
gas flow rate was 2.5 pl/min and the drying gas flow rate was 15 pl/min.

2.6 Chemical risk assessment

The risk assessment was conducted according to the approach recommended by the FAO and WHO, which involves
hazard identification, hazard characterization, exposure assessment, and risk characterization (FAO, 2009).

2.6.1 Identification and characterization of hazards

The characterization of hazards involved determining a toxicological reference value (TRV) for each contaminant
identified in tchapalo. Each TRV was defined based on the benchmark dose (BMD), which corresponds to a dose that
produces a measurable effect associated with a given response level relative to a control group. The selected TRV is the
lower limit of the 95% confidence interval for the BMD (BMDL95%), that is, the dose associated with a given increase
in the incidence of the critical effect (10% for BMDL10, 1% for BMDLO01). The BMDLs were selected based on recent
scientific data from the European Food Safety Authority (EFSA) (EFSA, 2010; 2020; 2024) (Table 2).

Table 2: Summary table of target margin of exposure

Contaminants BMDL Critical effect selected | Interpretation
(ng/kg bw/day) of the MOE
Aflatoxin B1 (BMDL10) : 0,40 Liver Cancer If MOE < 10,000: Cancer risk of concern
Inorganic Arsenic | (BMDLos) : 0,06 Skin Cancer
Lead (BMDL10y: 0,63 Kidney failure If MOE < 10 : Risk of chronic kidney disease

BMDL: lower limit of the confidence interval for the benchmark dose; MOE: margin of exposure; bw: body weight.

2.6.2 Exposure assessment

The daily volume of tchapalo consumed (V) in liters per day (L/day) was calculated for each consumer based on the
volume consumed per occasion (Vocc) and the weekly frequency of consumption (F): V= (VoccxF) /7

The daily exposure dose (DED), expressed in pg/kg body weight/day, was then calculated individually for each of the
80 consumers:

DED=(CxV)/P

C: concentration of the contaminant in the sample (pg/L);
V: daily volume ingested (L/day);

P: consumer's body weight (kg).

2.7 Risk characterization

Since the contaminants identified are substances with no dose threshold, the risk assessment was based on the
calculation of the margin of exposure (MOE), which is the ratio of the BMDL to the daily exposure dose (DED). This
approach helps indicate the level of risk concern (Table 2).
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MOE = BMDL / DJE

e MOE: margin of exposure;
e BMDL: lower bound of the confidence interval for the benchmark dose (ng/kg bw/day);
e DED: daily exposure dose (ug/kg bw/day).

2.8 Statistical analysis

The data were entered into Microsoft Excel and analyzed using Python 3.12 (pandas, SciPy, statsmodels, scikit-
posthocs). Qualitative variables are described by their frequencies and percentages; quantitative variables are
described by the mean, standard deviation, median, extreme values, and the 95th percentile. The relationship between
the volume consumed per occasion and the frequency of consumption was assessed using Spearman’s correlation
coefficient. Comparisons between municipalities were therefore conducted after aggregating data by collection point,
using the Kruskal-Wallis test followed, where appropriate, by the Dunn test with Holm correction. Prevalences were
compared using an exact permutation test (20,000 draws). The significance threshold was set at 5%.

3 RESULTS

3.1 Characteristics of the women producers

Figure 3 shows a very homogeneous sociodemographic profile of the 40 women tchapalo producers surveyed. All of
them (100 %) have made the production and sale of tchapalo their primary occupation. The majority are over 45 years
old (57.5 %), have been in the business for more than 10 years (92.5 %), but have no formal education (60 %).

Producer profiles (n = 40)
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Figure 3: Socio-demographic Characteristics of Women Producers

3.2  Supply and production practices

Production practices and the environmental characteristics of the sites were surveyed and are presented in Table 3.
Manufacturing relies on traditional processes, using only sorghum sourced from the local market (100 %). The grains
are stored in facilities made of non-durable materials for one to two weeks. The floors of the premises are dirt floors
with limited hygiene standards. The water used comes from the tap, without prior treatment, and the production
equipment is mostly made of plastic (87.5%). The production environment remains exposed to sources of
contamination such as dust and the presence of animals. Fermentation takes place indoors, followed by rapid sale
(within 24 hours), with storage at room temperature in covered containers.

Table 3: Production practices and environmental conditions (n = 40)

Variable Modality Headcount (n) Percentage (%)
Grain used Sorghum 40 100
Source Local Market 40 100
Storage method Bag on the floor 40 100
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Storage life 1-2 weeks 40 100
Roof of the room Sheet metal 40 100
Wall of the room Free 39 97.5
Brick 1 2.5
Floor of the room Earth 40 100
Floor Sweeping Yes 40 100
Floor Cleaning No 40 100
Floor Disinfection No 40 100
Water source Faucet 40 100
Water Treatment None 40 100
Cleaning the Equipment Before each production run 40 100
Presence of animals / dust on the site Yes 40 100
Fermentation site Interior 40 100
Pre-sale period <24h 40 100
Storage Instructions Ambient temperature 40 100
Container lid Always 40 100,0

3.3 Consumer profile and habits

Table 4 highlights the sociodemographic characteristics and consumption habits of the 80 tchapalo consumers
surveyed. The majority of consumers are male (91.25%), with a predominance of middle-aged adults, primarily
between the ages of 41 and 50 (48.75%). More than half of the consumers (62.5%) report drinking more than 2 liters
per occasion. Consumption is regular, with a majority (61.25%) consuming it on average once or twice a week. More
than two-thirds (67.50%) report having consumed it for more than five years. In terms of consumption habits, a
significant proportion (43.75%) drinks tchapalo on an empty stomach. Furthermore, more than one-third combines
this drink with other traditional beverages. Finally, tobacco use remains marginal in this population, with only 3.75%

of smokers.

Table 4: Profile and Consumption Habits (n = 80)

Variable Modality Headcount (n) | Percentage (%)
Sex Male 73 91.25
Feminine 7 8.75
Age (years) 41-50 39 48.75
31-40 21 26.25
>50 18 22.5
20-30 2 2.5
Average quantity per occasion >2 50 62.5
(Liter) 1-2 24 30
0,5-1 4 5
<05 2 2.5
Frequency of consumption 1-2 times a week 49 61.25
3-4 times a week 29 36.25
5-7 times a week 1 1.25
1-2 times per month 1 1.25
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Length of time as a customer >5ans 54 67.5
(vears) 1-5 24 30
<1 2 2.5
Consumption of Other Traditional Beverages No 51 63.75
Yes 29 36.25
Smoker No 77 96.25
Yes 3 3.75
3.4 Physicochemical characterization

The physicochemical parameters of the analyzed tchapalo are presented in Table 5. The average alcohol content is 4.7%,
while the average total acidity is 106 meq/L. The soluble dry residue is approximately 8%. Finally, the pH is acidic (=
4.1).

Table 5: Physicochemical Parameters of Tchapalo

Parameters Mean * standard deviation | Scope CV (%)
Alcohol Content (%) 474+ 0.6 4.18-5.37 | 12.6
Total acidity (meq/L) 105.67 + 18.58 93-127 17.6
Soluble dry matter (%) | 8.07 = 1.45 64-9 17.9
pH 4.11+0.05 4.06-4.16 | 1.2

3.5 Chemical contamination of tchapalo

3.5.1 Trace metal content

Table 6: Arsenic and lead concentrations in tchapalo (ng/L)

Contaminants | Sampling | Positive Mean Min. | Med. | Max. | p-value Maximum

Area samples (n) | + standard content
deviation (ng/L)

Abobo 15 (100 %) | 228.9+23.98 | 174 |226 |274 | 0.0001
Anyama | 6 (100 %) 212.5+32.27 | 168 | 219.5 | 246

Arsenic Koumassi | 9 (100 %) 198.1+13.17 | 180 | 203 | 214 0
Yopougon | 10 (100 %) 171.3+27.35 | 145 161,5 | 210
Total 40 (100 %) | 205.1%32.85 | 145 | 209.5 | 274
Abobo 15 (100 %) | 52.47¢3.86 |47.9 |52 60.2
Anyama | 6 (100 %) 4750+3.86 |39.9 |47.95 |53.2 | 00407

Lead Koumassi | 9 (100 %) 51204974 | 42.7 | 464 | 73.4
Yopougon | 10 (100%) | 46.49:6.49 |36.6 | 469 | 60.7 200
Total 40 (100 %) | 49.95%6.71 | 36.6 | 49.25 | 73.4

*Maximum arsenic content in products placed on the market in liquid form, as established by Commission Regulation (EU) 2023/915 of April 25,
2023 **Maximum lead content in products placed on the market in liquid form, as established by Commission Regulation (EU) 2023/915 of April
25, 2023 Min: minimal; Max: maximum; Med: median

Table 6 presents the levels of trace metal contamination in tchapalo. Of the five metals tested for (As, Cd, Cr, Pb, Hg),
only arsenic and lead were detected in the analyzed samples. All samples analyzed (100%) were contaminated with
these two trace metals. The average concentrations of arsenic ranged from 171 pg/L to 229 pg/L, with an overall
average of 205 pg/L. Arsenic levels are significantly higher than the maximum limit of 10 pg/L set by EU Regulation
2023/915 (EU, 2023). For lead, concentrations ranged from 46.49+6.49 to 51.20+9.74 pg/L, with an overall average of
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50 pg/L. Lead levels comply with the recommended maximum limits of 200 pg/L. A significant difference was observed
between the arsenic and lead levels in samples collected from the four municipalities (p < 0.05).

3.5.2 Mycotoxin content

Aflatoxins were detected in 72.5% of the tchapalo samples analyzed (Table 7). The average concentrations of aflatoxin
B1 (AFB1) ranged from 2.78 pg/L to 3.71 pg/L, with an overall average of 3.20 pg/L. For total aflatoxins (TAFL), the
averages ranged from 3.01 pg/L to 6.08 pug/L, with an overall average of 4.56 pg/L. The levels of AFB1 and TAFL are
well above the maximum permissible levels, which are 2 pg/L and 4 pg/L, respectively. The differences in aflatoxin
levels in tchapalo across municipalities are not statistically significant (p > 0.05).

Table 7: Aflatoxins levels in tchapalo (ng/L)

Contaminants | Sampling Positive Mean Min. | Med. | Max. | p- Maximum
Area samples (n) | +  gtandard value | content (ng/L)
deviation
Abobo 12 (80 %) 3.29+0.53 2.26 | 3.36 | 3.99
Anyama 6 (100 %) 3.01+0.19 281 | 3 3.22
Aflatoxin B1 : 2%
Koumassi 5(55.6 %) 3.71+1.64 2.80 | 3.04 | 6.63
Yopougon 6 (60 %) 2.78+0.14 2.62 | 279 | 292 0.0735
Total 29 (72.5 %) 3.20+0.77 2.26 | 3.04 | 6.63
Abobo 12(80 %) 4.77+1.47 2.26 | 540 | 6.33
Anyama 6 (100 %) 3.01+0.19 281 | 3 3.22
Total : ) . 4H*
aflatoxins Koumassi 5(55.6 %) 6.08+6.94 2.80 | 3.04 | 18.50 05862
Yopougon 6 (60 %) 4.43+2.75 2.62 | 2.79 | 8.93
Total 29(72.5 %) 4.56+3.17 2.26 | 3.12 | 18.50

*Maximum level of aflatoxin B1 in cereal-derived products established by Commission Regulation (EU) 2023/915 of April 25, 2023 **Maximum
level of total aflatoxins in cereal-derived products established by Commission Regulation (EU) 2023/915 of April 25, 2023 Min: minimal; Max:
maximum; Med: median

3.6 Characterization of toxicological risk

3.6.1 Consumption level

The consumption parameters used in the calculation are shown in Table 8. The average daily volume ingested by
consumers is 0.700 + 0.440 L/day, with a median of 0.536 L/day and a range of 0.0123 to 2.14 L/day. The average body
weight of consumers is 64.3 + 5.6 kg, with a range of 50 to 78 kg.

Table 8: Consumer Exposure Parameters (n = 80)

Parameters Mean * standard deviation | Median | Scope
Daily beverage intake (L/day) | 0.7 £ 0,44 0.536 0.0123-2.14
Body weight Consumers (kg) | 64.3+5.6 64 -78

3.6.2 Daily exposure dose

The daily exposure doses (DEDs), obtained by matching each consumer to the samples collected at their location, are
presented in Table 9. The average ADEs are 2.28 + 1.51, 0.547 + 0.357, and 0.036 + 0.026 pg/kg bw/day for arsenic,
lead, and aflatoxin B1, respectively.
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Table 9: Individual daily exposure doses (ng/kg body weight/day) (n = 80)

Contaminants | Mean * standard deviation | Median | 95th percentile

Arsenic 2.28+1.51 1.86 5.21
Lead 0.547 + 0.357 0.412 1.15
Aflatoxin B1 0.036 £ 0.026 0.023 0.081

3.6.3 Toxicological risk level associated with tchapalo consumption

The calculated marge of exposure (MOE) are well below 10,000 for arsenic and aflatoxin B1 and below 10 for lead. The
health risk level for these three contaminants is considered a cause for concern. These results indicate that regular
consumption of tchapalo exposes consumers to cancer risks (liver and skin cancer) from arsenic and aflatoxin B1, and
to renal damage from lead (Table 10).

Table 10: Marge of exposure for contaminants in tchapalo

Contaminants BMDL | MOE median | MOE at the 95th percentile | Interpretation

Inorganic arsenic | 0.06 0.032 0,012<10000 Skin Cancer: A Cause for Concern
Lead 0.63 1.53 0.55<10 Kidney damage:

Alevel of risk that is cause for concern
Aflatoxin B1 0.40 171 49<10000 Liver cancer:

a concerning level of risk

4 DISCUSSION

Analysis of the physicochemical parameters of tchapalo shows that it is a low-alcohol beverage with an alcohol content
of 4.74% (v/v), slightly acidic, with an average pH of 4.11 and a total acidity of 105.67 meq/L. The profile of this
traditional beer, produced through spontaneous fermentation, is similar to those reported by various authors, who
describe tchapalo as having an alcohol content of around 5% (v/v) and an acidic pH ranging from 3.3 to 4.1 (Amane et
al,, 2009; Aka et al.,, 2010). The low variation in the parameters studied from one locality to another reflects the high
level of mastery of the brewing processes by the highly experienced female brewers. The tchapalo analyzed in this study
was produced exclusively from sorghum. The chemicals considered in the risk assessment related to tchapalo
consumption were mycotoxins and trace metals. These substances were selected based on data from the literature
indicating a high probability of their presence in the food chain (Ezekiel et al,, 2018; Kumar et al,, 2020; Laura et al,,
2023). Aflatoxins are the most toxic mycotoxins and have been proven to be carcinogenic in humans (IARC, 2012). They
were tested for and detected in 72.5% of the samples analyzed. The average concentration of aflatoxin B1 (AFB1) was
3.20 £ 0.77 pg/L, and that of total aflatoxins (TAFL) reached 4.56 + 3.17 pg/L. The levels of these mycotoxins were all
higher than the maximum limits set for cereal-based products by Regulation (EU) 2023 /915. The presence of aflatoxins
in tchapalo is primarily linked to contamination of the sorghum used in its production. This grain provides a favorable
environment for the growth of aflatoxin-producing molds. Aflatoxins are produced by molds of the genus Aspergillus
(A. flavus and A. parasiticus), which colonize foodstuffs primarily during storage and preservation (Probst et al., 2014;
Benkerroum, 2020). Furthermore, studies conducted in the subregion particularly in Benin, have isolated A. flavus and
A. parasiticus in 15% and 8% of the sorghum samples analyzed, respectively (Tovide et al., 2018). Other authors have
also reported the presence of aflatoxins in sorghum at levels ranging from 2.64 * 0.94 pug/kg (Niyuhire, 2023). In this
study, sorghum is stored in a very unhygienic environment for one to two weeks. In fact, during this period, the bags of
sorghum are placed directly on the floor which is often unpaved in areas that are not cleaned regularly (Fokou et al.,
2016). These practices promote fungal contamination, given that Aspergillus flavus, which produces aflatoxins, lives in
the soil (Frisvad et al.,, 2019; Probst et al, 2014). The preparation of tchapalo involves a series of steps: soaking,
sprouting, drying, cooking, and fermentation (Amane et al., 2012). Aflatoxin contamination can also occur at these
various stages of beer production. The sorghum is soaked for 72 hours, followed by 3 to 4 days of sun-drying, often on
a tarp laid on the ground. During these stages, the temperature, humidity, and water activity are conducive to fungal
growth. These results are supported by studies conducted on sorghum grains, malts, and the beers produced from them.
The results revealed that all of the malts and beers were contaminated with total aflatoxins at average levels of 408 +
68 pg/kg and 22.32 pg/L, respectively, whereas only 15% of the sorghum grains used contained these mycotoxins at an
average concentration of 3.0 pg/kg (Matumba et al., 2011). These results suggest significant aflatoxin contamination
during the various stages of tchapalo preparation. Aflatoxin contamination of traditional sorghum-based beers has been
reported in various countries in the subregion, particularly in Burkina Faso, Mali, and Niger, where this beverage is very
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popular among the local populations (Ezekiel et al., 2018; Matumba et al., 2011). Tchapalo is produced by boiling the
filtrates from the mashing of sorghum malt flour for 5 to 6 hours (Amane et al., 2005; Aka et al., 2008). The presence of
aflatoxins in this beverage clearly demonstrates their resistance to heat treatment. In fact, researchers have reported
that these mycotoxins are highly stable and capable of withstanding temperatures of 250 °C (Azam et al.,, 2021; Liu,
2020). With regard to trace metals, only lead and arsenic were detected in all samples (100 %) analyzed, with average
concentrations of 49.9 ug/L and 205.1 ug/L, respectively. The lead levels are within normal limits, while the arsenic
levels are significantly higher than the regulatory limits set for products marketed in liquid form by Regulation (EU)
2023/915. The presence of these trace metals in all samples collected from various municipalities indicates
environmental contamination of the sorghum originating from the fields where it is grown. These substances present
in the environment can contaminate and accumulate in sorghum during its cultivation (Laura et al., 2023; Abdulla et al,,
2025). Furthermore, the use of arsenic-based pesticides and fertilizers can exacerbate this contamination. Several
studies show that commercially available grains can accumulate arsenic and lead from the field through to final storage
(Kumar et al., 2020; Ahmad et al., 2026). The presence of lead in tchapalo may also be linked to contaminated water and
metal utensils used during the production process of this traditional beer. Studies have found lead contamination in
drinking water (Adepo et al., 2024). The substances found in tchapalo, such as aflatoxin B1 and arsenic, are known to
have genotoxic carcinogenic effects in humans, while lead affects the nervous, cardiovascular, reproductive,
hematological, and renal systems (EFSA, 2020; 2024). The health risk associated with tchapalo consumption was
assessed by calculating the margin of exposure (MOE). This approach is appropriate for assessing the risks associated
with substances that have no dose threshold, such as aflatoxin B1, arsenic, and lead. In this study, total arsenic was
treated as inorganic arsenic for risk characterization. The exposure margins calculated based on the benchmark dose
(BMD) and daily exposure doses were 0.032 for total arsenic, 17.1 for aflatoxin B1, and 1.53 for lead. These MOE values,
which are below the threshold of 10,000 for aflatoxin B1 and arsenic, and below 10 for lead, indicate a level of risk of
concern for consumers. Tchapalo is one of the traditional beverages consumed in Céte d’Ivoire, primarily by low-income
social classes (Aka et al,, 2017). Thus, prolonged consumption of tchapalo exposes consumers to risks of skin and liver
cancer, caused by arsenic and aflatoxin B1, respectively. In addition, exposure to lead can cause kidney damage in
consumers. Consequently, tchapalo a culturally cherished and widely consumed beverage, can be a major source of
contamination, the long-term effects of which remain a significant cause for concern.

5 CONCLUSION

This study assessed the level of chemical risk associated with the consumption of tchapalo, a traditional beer widely
consumed in Cote d’Ivoire. The substances identified in this beverage were aflatoxins, lead, and arsenic. The levels of
aflatoxins and arsenic were significantly higher than regulatory limits. The health risk associated with regular
consumption of this beverage, which is highly popular among the population, is considered a cause for concern. The
toxic effects associated with this exposure can result in cancer and kidney disease. It is therefore essential to launch
awareness and training campaigns for female producers who generally have no formal education on proper hygiene
practices. A quality control plan for this beverage is also necessary to ensure that consumers have access to safe food.
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