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Quantitative Risk Assessment of Aflatoxin M1
Related to the Consumption of Raw Cow's Milk
in Daloa (Cote d’lvoire)

ABSTRACT

The objective of this work is to assess the sanitary quality of raw cow's milk produced and
consumed by the populations of Daloa. For this purpose, a total of 30 raw milk samples were
collected from 3 raw cow's milk extraction points in the city of Daloa. Mycotoxins were
determined using gas chromatography. The results showed that 100% of the analyzed samples
were contaminated with aflatoxin M1 (AFLM1). These results indicated that the aflatoxin M1
levels in the analyzed samples exceeded the maximum limit (ML) set by European regulations.
To assess the risk of contamination for the population of Daloa, a survey was conducted among
consumers of raw cow's milk. A total of 388 individuals were interviewed to gather their
opinions. The survey involved a form with questionnaires related to the objectives of the study.
This form provided information on identity, marital status, consumption patterns, frequency,
guantity, and the socio-economic characteristics of the consumers. The results showed that the
risk of liver cancer related to the consumption of raw cow's milk in the city of Daloa is
approximately 36.08% to 36.16%; representing 36,080 to 36,150 cases per 100,000
inhabitants.Thus, to ensure consumer safety, good hygiene practices in the preservation of feed
for cattle and the construction of enclosures for them must be implemented.
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1. INTRODUCTION

Milk is a food of high, nutritional value, very rich in proteins, lipids, carbohydrates, and especially trace elements such as
calcium [1]. As such, it holds an indisputable place in the human diet in many countries. In Africa, and particularly in Cote
d'lvoire, raw cow's milk is part of the dietary habits of many communities. Thus, in pastoral systems, it represents social,
nutritional, and cultural value [2]. It is essential for good nutritional balance, especially for children, and serves as a solid
basis for the intake of animal proteins necessary for each individual [3]. The local raw cow's milk market is extremely
narrow, and its consumption is mostly limited to certain segments of the population [4].The production of raw cow's milk in
Céte d'lvaire is low, covering only 17% of total consumption [5]. Additionally, 92% of Ivorian producers are small-scale
farmers, and the majority of the milk produced is sold directly to consumers by farmers and small traders in uncontrolled
informal markets [6]. It is noteworthy that most farmers, milkers, collectors, and sellers have little knowledge of cow's milk
safety throughout the production and sales chain. Consequently, the quality of milk from these small producers is
constantly questioned due to the precarious hygiene conditions observed in the dairy sector [7, 8]. It is important to note
that in Africa, very little attention is given to this sector, as evidenced by the few studies on biological or chemical risk



assessments conducted [9].With societal changes and the food safety risks that can disrupt food security, consumers
have become more concerned about the sanitary quality of food, particularly cow's milk. They demand better protection
against contamination risks. Among the multitude of known contaminants, mycotoxins (toxic substances produced by
molds) and their metabolites, notably aflatoxin M1 (AFM1), pose serious public health problems. Of the 300 secondary
metabolites identified internationally, about thirty have concerning toxic properties that pose contamination risks to foods
such as raw cow's milk [10]. This risk could be evaluated through a scientific and modern approach, which is risk
assessment [11]. Microbiological risk assessment is a new tool for evaluating the food and water safety [12]. This method
has been used in several studies to provide solutions to food safety problems. Some authors, like [13], have assessed the
risk level associated with Clostridium perfringens in the consumption of attiéké. Similarly, the work of [14] characterized
microbial risks related to the consumption of roasted beef (Choukouya) in Céte d'lvoire. Moreover,.recent studies
conducted by [15] have guantitatively assessed the risk associated with Bacillus cereus for attiéké consumers.in the cities
of Yamoussoukro and Daloa. These studies represent significant advances in improving food safety. This study is
therefore highly relevant.Given the potential health risks posed by cow's milk to consumers, it is;appropriate to conduct
this study. The objective of this work is to assess the sanitary quality of raw cow's milk produced and.consumed by the
population of Daloa.

2. MATERIAL AND METHODS

2.1. Materials
2.1.1. Study Area

The study area selected for this work is the city of Daloa (Fig. 1). It is a very important region for cattle farming, resulting
in high production and consumption of raw cow's milk. Additionally, with a population of 245,361 inhabitants, the city of
Daloa represents a good market for raw cow's milk consumption [16].
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Fig. 1. Location of the study area

2.1.2. Raw Material
The raw cow's milk samples collected in the
material (Fig. 2). These raw cow's milk
producers in three major cattle farming

city of Daloa constituted the raw
samples were gathered from farmer-
areas in the city of Daloa.




Fig. 2.Sample of raw cow's milk

2.2. Methods

2.2.1. Sampling

2.2.1.1. Determination of the Sample Size or Number of People to Survey

The population surveyed for the risk assessment of aflatoxin-M1 contamination related to the consumption of raw cow's
milk consisted of raw cow's milk consumers. For this survey, 388 people. were investigated across the city in different
neighborhoods (Table 1), following the method proposed by [17]. This method recommends calculating the sample size
for a survey using the following formula:

t’p (1-p)
n=———

ey

With:

n: Sample size

t: Margin coefficient (1.96)

e: Margin of error (0.05)

p: Proportion of elements in the parent population (p = 0.5)

Table 1. Distribution of surveyed individuals by neighborhood



Neighborhoods People surveyed

Cafop 62
Lobia 36
Kennedy 27
Abattoir 59
Tazibo 25
Marin 52
Orly 36
Soleil 31
Manioc 34
Texas 26
TOTAL 388

2.2.1.2. Collection of Samples for Analysis

The raw cow's milk samples were collected from herdsmen in the three major cattle farming areas of the city of Daloa: the
Abattoir 2, Cafop, and Kennedy 1 neighborhoods. A total of thirty. (30) composite samples of raw cow's milk were
collected. These raw cow's milk samples were randomly taken from different cows and placed in jars covered with
aluminum foil and sealed tightly to limit oxidation. Additionally, thecollected’samples were labeled and transported directly
to the National Agricultural Development Support Laboratory in Abidjan in coolers containing dry ice (aseptic conditions
and under a cold regime, refrigerated cooler) at 4°C for analysis.

2.2.2. Survey Procedure

Before the survey, the questions formulated based on the study’s objectives were tested on a small number of
consumers. This test ensured the proper formulation of the questions. The investigations were conducted randomly
throughout the city to carry out the survey. For this purpose, the adopted procedure was a structured interview based on a
pre-prepared questionnaire. The questions were asked in French and focused on the consumption pattern of raw cow's
milk (quantity consumed, mode of econsumption;, and consumer characteristics). Whenever necessary, a translator guide
was included to communicate with respondents who did not speak French. The surveys were conducted in ten (10)
neighborhoods of the city of Daloa. The.respondents, with a minimum age requirement of 13, were surveyed without
distinction of ethnicity or gender. At the end of this survey, three hundred and eighty-eight (388) people were investigated,
following the method proposed by [18]:

2.2.3. Assessment of the Quantity of Raw Cow's Milk Consumed Per Person

The assessment of the quantity of raw cow's milk consumed per person, per meal, and per day was conducted during an
interview. This-involved a discussion in which participants were asked to describe the quantities of raw cow's milk they
purchased and consumed daily. These quantities, as described by the consumers, were then purchased and measured to
estimate the actual amounts. The average masses obtained served as the database for risk calculation.

2.2.4. Determination of Aflatoxin M1 in Raw Cow's Milk Samples by GasChromatography

2.2.4.1. Preparation of Raw Cow's Milk Samples

Aflatoxins M1 are detected in the fat (F) of raw cow's milk. For this purpose, the raw cow's milk samples contained in jars
were stored at room temperature (25°C) for six days. This technique allowed the decantation of the raw cow's milk. After
decantation, two phases were obtained: a hydrophilic phase (containing water) and a lipophilic phase (containing fat) (Fig.
3). Subsequently, a quantity of 10 g of the lipophilic phase from each decanted raw cow's milk sample was collected and
dried in an oven (AC GRACIOTTI) at 55°C for 24 hours. To each dried sample, 10 g of anhydrous sodium sulfate



(Na,S0,) was added. The mixture was homogenized by manual stirring until a fine powder was obtained. This fine
powder constituted the fat of the raw cow's milk.

Photograph b. Extracted fat Photograph a. Decanted raw milk

Fig. 3. Decantation and extraction of fat from raw cow's milk

2.2.4.2. Extraction and Purification of Aflatoxin M1

A quantity of 5 g of each fine powder sample of raw cow's milk was taken and ground in a mortar. The ground sample was
mixed with 10 mL of distilled water and 50 mL of chloroform; then homogenized with a mixer for 2 minutes. The resulting
solution was filtered using a press filter. A quantity of 25 mL of the filtrate was recovered and filtered through a bed of
anhydrous sodium sulfate (Na,SO,). The obtained .extract was concentrated to 2.5 mL by vacuum evaporation.
Purification was carried out using a florisil cartridge. Specifically, the 2.5 mL filtrate obtained previously through vacuum
evaporation was poured into the cartridge containing 20 mL of hexane for elution. The mixture was manually stirred. After
discarding the eluate, 20 mL of ether was added,to the resulting solution to remove the fat. To elute aflatoxin M1, 20 mL of
chloroform-acetone (15/5; v/v) was added to the final solution. The eluate was vacuum evaporated at 35°C until a
concentration of 25 pL of the final solution was reached. This new solution was used for injection into the chromatograph.

2.2.4.3. Quantification of Aflatoxin M1 by Gas Chromatography

The quantification of aflatoxin M1 was performed using a gas chromatograph (SHIMADZU GC-14A split/splitless)
equipped with a 63Ni electron capture detector and a SHIMADZU CR6A CHROMATOPAC integrator. A quantity of 5 pL
of each purified raw cow's, milk sample solution was injected into the gas chromatograph, which was connected to a
computer.

2.2.5. Risk Assessment

The risk assessment related to aflatoxin M1 in cow's milk was conducted following the method of the Codex Alimentarius
Commission:-[19]. 1t was carried out in four steps: hazard identification, hazard characterization, exposure assessment,
and risk characterization. The exposure assessment step provides a mathematical link (model) between the quantity of
microorganisms. ingested and the fraction of the consumer population that would become ill. As for the risk
characterization step, it establishes the risk of disease occurrence for a given population [20].

2.2.5.1. Hazard Identification
Hazard identification involved a literature review of the risk that could cause adverse health effects and that may be
present in a food group or a specific food [11]. The mycotoxin studied in this work is aflatoxin M1.

2.2.5.2. Hazard Characterization

A description of the severity of the effects resulting from the ingestion of the hazard in food was carried out during the
hazard characterization step. Establishing the dose-response relationship or the relationship between the level of risk and
the level of toxic effect should allow for determining the infectious dose or the disease [13, 21].



2.2.5.3. Exposure Assessment

2.25.3.1. General Overview of the Evaluation Model

The exposure assessment is based on scenarios of consuming contaminated food [22]. For this study, it was assumed
that raw cow's milk is consumed immediately after purchase or production without being heated. This scenario suggests
that contamination by aflatoxin M1 in raw cow's milk indicates that the feed consumed by the dairy cows is contaminated
by Aspergillus flavus, which produces aflatoxins B1.

2.25.3.2. Modeling of Exposure Assessment

The amount of aflatoxin M1 ingested was obtained by multiplying the distribution of aflatoxin M1 concentration (C) by the
distribution of the quantity (Q) of raw cow's milk consumed per meal per person. The method used.to perform this
operation was Monte Carlo simulation. The equation for calculating the quantity of aflatoxin M1 (expressed inug) ingested
per person is:

1=QxC

The use of this relationship required experimental data for aflatoxin M1 concentrations (expressed in pg/kg) in the raw
cow's milk sold and a survey of households on the quantities of raw cow's milk consumed permeal. The data collected on
these two parameters provided their distributions. The uncertainty regarding the parameters of the evaluation model was
guantified using the bootstrap method [13].

2.2.5.3.3. Risk Characterization

The characterization integrates the results of hazard identification, hazard characterization, and exposure assessment to
estimate risks by performing a quantitative assessment of the likelihood and severity of adverse effects that may occur in
the population following the consumption of cow's milk.-In the probabilistic risk estimation method used in this study, the
consumption distribution and the contamination distribution of the population are considered. Then, through Monte Carlo
simulations, the distribution of contaminant ingestion by the population is determined. By comparing the value of the toxic
dose lower than 0.20 ng/kg [10] with the contaminant ingestion.distribution, the risk value range for 100,000 inhabitants is
determined.

2.2.3. Statistical Analyses

2.2.3.1. Descriptive Statistics

The data collected from the survey and the quantification of aflatoxin M1 in the raw cow's milk samples were subjected to
statistical analyses. Recoding was performed to allow for data processing. These data were entered into a computer
equipped with Excel 2010 software. The results were presented in the form of tables and graphs.

2.2.3.2. Monte Carlo Simulation

MATLAB R 2015b software.was used to determine the risk of intoxication associated with the consumption of raw cow's
milk. Based on the amount of aflatoxin M1 found in raw cow's milk and the consumption data, and applying the
mathematical model established during the exposure assessment step, a cumulative probability curve was obtained using
Monte Carlo simulation.

3. Results and Discussion

3.1. Characteristics of Consumers of Raw Cow's Milk

In_preparation for. the characterization of the risk associated with aflatoxin M1 for consumers of raw cow's milk, a survey
was conducted. This survey helped identify the general consumption pattern of raw cow's milk (Table 2). The results
revealed that raw cow's milk is consumed by both Ivorians (72%) and foreigners (28%) across almost all age groups
within the'¢ity of Daloa. Thirty-one percent of consumers are under 13 years old, while 34% of raw cow's milk consumers
are between 13 and 30 years old, 19% are between 30 and 40 years old, and 16% are over 40 years old. These results
are similar to those reported by [4]. Despite the low production of raw cow's milk, it remains an available food accessible
to all income levels, likely due to its low cost and its nature as a ready-to-consume food. The consumption of raw milk has
been recorded across all social classes, including among youth, adolescents, and adults, particularly the uneducated
(50%). These results may be explained by the fact that raw cow's milk is a food that contains numerous nutrients and is
ready to consume [3].



Table 2. Characteristics of Cow's Milk Consumers

Characteristics Percentages (%)
Nationalities Ivorif-;m ’z
Foreign 28
<13 years 31
13-30 years 34
Age Groups 30-40 years 19
> 40 years 16
Primary 18
Secondary 25
Education Level Superior 10
Uneducated 50

3.2.  Mycotoxicological Characteristics (Aflatoxin.M1) of Raw Cow's Milk

To assess the risk associated with aflatoxin/M1 for consumers of raw cow's milk, a mycotoxicological characterization was
performed on various samples of raw cow's milk. This involved determining the aflatoxin M1 content in each of the
samples. The analysis results show that the raw,cow's milk samples are heavily contaminated with aflatoxin M1 (Fig. 4).
This contamination was observed at the three raw cow's milk extraction sites: Abattoir 2, Kennedy 1, and Cafop. The
quantities of aflatoxin M1 found'in the raw,cow's milk samples ranged from 0.071 to 0.322 ug/kg (Fig. 4). The analysis
indicated that 46.66% of the samples had aflatoxin M1 levels ranging from 0.071 to 0.100 pg/kg. Furthermore, 6.66% of
the raw cow's milk samples had aflatoxin M1 levels between 0.100 and 0.143 pg/kg; 16.66% between 0.143 and 0.190
Mg/kg; and finally, 30% of the raw cow's milk samples had aflatoxin M1 levels between 0.190 and 0.322 ug/kg.After the
mycotoxicological analyses, the results revealed that all samples from the three sites (Cafop, Kennedy, and Abattoir 2)
were heavily contaminated with aflatoxin M1. The quantities of aflatoxin M1 found in the raw cow's milk samples ranged
from 0.071 to 0.322 pg/kg (Fig. 4). The analysis showed that 46.66% of the samples had aflatoxin M1 levels ranging from
0.071 to 0.100 pg/kg. All_raw cow's milk samples exhibited contamination levels exceeding the maximum allowable limit
(ML) of 0.050 pg/kg [23]. These results differ from those of [24] and [25], who found aflatoxin M1 levels in raw cow's milk
samples below the maximum allowable limit. Moreover, the aflatoxin M1 levels in the raw cow's milk samples were
relatively close to those obtained by [26] in Kuwait, which were 59%. [27], who worked on 163 raw cow's milk samples,
reported aflatoxin M1 levels close to those found in the studied samples (56.59%). Authors such as [28] in Pakistan, [29]
in Iran, and [30] in Syria also found aflatoxin M1 in the raw milk samples they analyzed, with levels of 20%, 36%, and
7.20%, respectively. It is also important to highlight that high aflatoxin M1 levels in raw cow's milk samples (0.11 pg/kg)
have already been reported in studies by [31] in Morocco, [32] in Libya, and [33] in Egypt. In comparison, the incidence of
contamination by AFM1 in raw cow's milk in Europe is much lower (~0.010 pg/kg, below 0.050 pg/kg) [34—36] than that
obtained in our study. This is justified by stricter regulatory measures in force in the European Union compared to those
applied in African countries. Rigorous monitoring and control plans should be implemented at the Ivorian level to reduce
the risk of aflatoxin M1 contamination in raw cow's milk.
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Fig. 4.Distribution of Aflatoxins in Raw Cow's Milk Samples
3.3. Exposure Assessment and Risk Characterization

Although cattle often serve as an effective filter against fungal toxins, the presence of aflatoxin M1 in raw cow's milk could
pose a risk to human health [37]. Based on the distribution.of aflatoxin M1 content and the consumption of raw cow's milk
samples, a mathematical model was established to assess exposure. Monte Carlo simulation was performed through a
cumulative probability curve. Thus, the distribution.of aflatoxin M1 ingestion by the population is determined. In the context
of quantitative mycotoxicological risk assessment (in accordance with the Codex Alimentarius), which requires the
selection of a matrix/hazard pair [38], aflatoxin M1 was chosen as a hazard due to its potential to cause toxic infection.
The results of the risk assessment for aflatoxin M1 related to the consumption of raw cow's milk revealed that the risk
ranges from 36.08% to 36.16% (Fig. 5). This represents 36,080 to 36,150 cases of aflatoxin M1 intoxication per 100,000
inhabitants. The risk due to the presence of aflatoxin M1 in raw cow's milk is real and significant. The risk from aflatoxin
M1 would be exacerbated by cross-contamination. Indeed, observations made in the field revealed that some consumers
store raw cow's milk in refrigerators; in contact with other foods and various products that generally do not undergo any
disinfestation. Retailers or: street vendors handle multiple goods and serve raw cow's milk to consumers without washing
their hands. The consumer exchanges currency for raw cow's milk and consumes it directly without cleaning the
packaging (plastic bag, container)..If the raw cow's milk is packaged in a jar, only the contents are consumed, either
directly or with bowls. Additionally; the cleaning of jars after use does not always adhere to good hygiene practices. These
containers may thus serve as reservoirs for potentially harmful germs, including molds. Furthermore, raw cow's milk is
extracted in a artisanal manner by herders.Additionally, cows generally consume food waste such as cassava peels, yam
peels, plantain peels, and other foods collected and deposited in landfills. These landfills constitute a potential source of
microorganisms:responsible for toxin secretion. It should be noted that inadequate hygiene in the storage facilities for cow
feed could contribute to the contamination of these feeds by molds responsible for the secretion of aflatoxin B1, whose
metabolism leads to the production of aflatoxin M1. All these practices could be sources of contamination of raw cow's
milk by molds.
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Fig. 5. Risk of toxic infection associated with the consumption of raw cow's milk according to Monte Carlo simulation.

4. Conclusion

This study on the risk assessment of toxic infection related.to aflatoxin M1 for consumers of raw cow's milk was conducted
in the city of Daloa. It demonstrated that raw cow's milk.is consumed by all social classes and age groups. Moreover, this
widely consumed product poses a health risk to consumers and represents a public health issue in the city of Daloa.
Additionally, the risk assessment of aflatoxin M1 related to the consumption of raw cow's milk revealed that it is real and
exists at very high levels (0.071 - 0.322 ug/kg), exceeding the recommended maximum limit (0.050 ug/kg) in cow's milk.
This study is just a contribution to the assessment of aflatoxin M1 in raw cow's milk. These results should draw the
attention of the authorities and serve as a'basis for conducting awareness campaigns for the general public and cattle
breeders about the reality of foodborne mycotoxicological risks. Therefore, to ensure consumer safety, measures such as
the implementation of good hygiene practices in the preservation of cattle feed and the construction of enclosures for
cattle to control their=diet and environment should be taken to reduce primary contamination of cows and protect
consumers from toxic infections related to raw cow's milk.
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