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Hadji Alassane, M.N., Dohoue, T.G.F., . . . .
Noumavo, A.D.P., Kponou, S.C., Amous- Soybean (Glycine max (L.) Merr.) is an annual leguminous plant. It is widely
sou, Y.8.G., Baba-Moussa, L. and Baba- consumed in Benin through its derived products, including soy milk, soy oil,
Moussa, F. (2026) Nutritional and Sanitary soy flour, and especially soy cheese, which is very popular in the country. This
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Benin. Agricultural Sciences, 17, 388-399. produced and marketed in Benin. A total of 60 soybean seed samples were

study aimed to assess the nutritional and sanitary quality of soybean seeds

https://doi.org/10.4236/a5.2026.175023 randomly collected from the twelve departments of the country. Nutritional

parameters (moisture, lipids, proteins and fibers) were determined using stand-
Received: April 22, 2026

Accepted: May 23, 2026
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ardized ISO methods. The sanitary assessment included counting the total

ins and detecting genetically modified seeds. The results show that soybean
Copyright © 2026 by author(s) and seeds have good nutritional quality, with average contents of 6.79% (mois-
Scientific Research Publishing Inc. ture), 18.88% (lipids), 38.32% (proteins) and 10.09% (fibers). However, the
protein content remains slightly below Beninese standards. Microbiologically,

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0). a high average total mesophilic aerobic flora load was observed (3.43 x 10°

http;//creativecommons.org/licenses/by/4.0/  CFU/g), with Salmonella spp. present in 20% of the samples, indicating a sig-

nificant health risk. The average total aflatoxins levels (2.05 pg/kg) remained

below regulatory limits, and no samples contained genetically modified soy-

bean seeds. In conclusion, although the soybeans produced and marketed in
Benin have a good nutritional profile, deficiencies in hygiene and microbio-
logical safety persist. Strengthening good agricultural and post-harvest prac-
tices appears essential to ensure food safety and improve the overall quality of
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this strategic crop.
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1. Introduction

Soybean (Glycine max(L.) Merr.) is an annual plant of the Fabaceae family. Native
to East Asia, soybeans are now cultivated worldwide for various purposes, includ-
ing oil production, proteins for human and animal consumption, and as a raw
material for biofuel production [1]. It is a highly nutritious legume, rich in pro-
teins (of high quality), lipids (many unsaturated fatty acids), carbohydrates, min-
erals (potassium, phosphorus, magnesium, iron, zinc, and calcium), vitamins (B9,
B1 and E), and contains isoflavones, antioxidants and other bioactive substances
beneficial to health [2] [3]. Today, soybeans occupy a strategic position in global
food systems due to their nutritional richness.

The evolution of eating habits, notably driven by consumers’ growing desire to
substitute animal proteins with plant-based proteins, is increasing global demand
for soybeans [4]. These numerous potentials of soybean seeds have led to an ex-
ponential increase in their worldwide production.

Indeed, global soybean production increased by 22% over the decade (2016-
2026), reaching a record 428 million tonnes in 2025 [5]. The main producers are
Brazil, United States, Argentina, China and Paraguay, which alone account for
more than 80% of the world’s production. In Sub-Saharan Africa, soybean is the
main source of protein for the most impoverished populations [6]. Regional pro-
duction has shown strong growth in recent years, with 5.7 million tonnes pro-
duced in 2025, mainly driven by Nigeria, Benin and Togo.

In Benin, soybean production has increased significantly in recent years, reach-
ing 520,929 tonnes in 2024 [7]. This production mainly relies on improved varie-
ties, such as TGX (characterized by large grains and higher yields) and Jupiter
(smaller grains) [8]. These varieties are preferred for their adaptation to local cli-
matic and pedological conditions.

This nutritional and economic importance justifies the growing scientific inter-
est in assessing the overall health quality of soybeans produced and marketed in
Benin. Indeed, beyond its nutritional qualities, soybean can serve as a vector for
microbiological, chemical and biotechnological hazards that could affect con-
sumer health. In this context, evaluating nutritional quality is an essential prelim-
inary step in assessing the value of the soy produced. However, an integrated ap-
proach to food safety also requires the identification and control of associated
hazards, particularly microbiological, physico-chemical and biotechnological
ones.

Regarding microbiological hazards, soy and soy-based products have been im-
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plicated in several foodborne illness outbreaks [9]. The presence of pathogenic
bacteria in soy poses a real risk, as some derived products are consumed without
sufficient thermal treatment. Therefore, the detection of microbiological patho-
gens is part of a preventive approach against collective food poisoning. Moreover,
contamination of cereals and other staple crops by mycotoxins is a major public
health concern. These toxins are produced by moulds and are recognized as gen-
otoxic and carcinogenic [10]. It is therefore crucial to keep their levels in food-
stuffs as low as possible. Consequently, mycotoxin quantification is an essential
indicator of the sanitary quality and regulatory compliance of soybeans. Finally,
the detection of Genetically Modified Organisms (GMOs) in soybeans is part of a
dual requirement for food safety and transparency towards consumers. Indeed,
soy is among the crops most affected by genetic modification worldwide. This raises
questions about potential impacts on human health and the environment, as well
as issues related to traceability and labelling. In this context, detecting GMOs in
marketed plant products is essential to ensure regulatory compliance, inform con-
sumers, and maintain control over agricultural supply chains.

In summary, the joint analysis of the nutritional quality and the microbiologi-
cal, chemical, and biotechnological hazards of soybean seeds produced and mar-
keted in Benin is part of a comprehensive food safety approach. It responds to the
imperative of protecting public health, complying with international standards,
and promoting local products within the context of globalized food trade. This
study is conducted within this framework, which assesses the nutritional quality,
microbiology and biotechnological aspects of soybean seeds produced and mar-

keted in Benin.

2. Materials and Methods
2.1. Sampling

Soybean seed samples were randomly collected from wholesale vendors between
12th January and 24th February 2025. These wholesalers purchase lots of soybeans
from farmers whom they themselves subsidize. A total of sixty (60) soybean seed
samples were collected across the twelve (12) Departments of Benin, with five (05)
samples taken from each Department. For each sample, 5 kg of soybean seeds were
taken from a jute sack. These sacks were transported at room temperature to the

laboratory for analysis.

2.2. Evaluation of Nutritional Quality

The nutritional composition of the soybean samples was assessed by determining

moisture, lipids, proteins and dietary fiber using standardized analytical methods.

2.2.1. Moisture Content
The moisture content was determined in accordance with the standard ISO-771
[11]. The samples, previously ground and homogenized, were dried at 103°C £

2°C until a constant mass was achieved. The mass loss recorded after drying was
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used to calculate the moisture content, expressed as a percentage of the fresh mat-

ter.

2.2.2. Lipid Content

The lipid content was determined by solvent extraction in accordance with ISO-
734 [12]. A portion of the sample was subjected to continuous extraction with
petroleum ether. After solvent evaporation, the lipid residue was dried, cooled in
a desiccator and weighed. The results were expressed as a percentage of dry mat-
ter.

2.2.3. Crude Protein Content

The protein content was assessed using the Kjeldahl method [13]. This method
involves a mineralization step of organic nitrogen in an acidic medium, followed
by distillation of the released ammonia and titration with a standard acid solution.
The nitrogen content was converted to protein using an appropriate conversion

factor.

2.2.4. Fiber Content
Fibers were determined according to ISO 13906 and AOAC 985.29 methods. The
samples were digested in an acid-detergent medium, then filtered, washed, dried,

and weighed. The results were expressed as a percentage of dry matter.

2.3. Identification of Microbiological Hazards

The identification of microbiological hazards focused on detecting Sa/monella
spp. and enumerating the Total Mesophilic Aerobic Flora (TMAF).

2.3.1. Counting of Total Mesophilic Aerobic Flora

The enumeration of Total Mesophilic Aerobic Flora (TMAF) was carried out in
accordance with ISO-4833-2 [14]. After preparing decimal dilutions, surface in-
oculation was performed on Plate Count Agar. Plates were incubated at 30°C for
72 + 3 hours. Colonies were counted, and results were expressed as Colony Form-
ing Units per gram (CFU/g).

2.3.2. Detection of Salmonella spp.

Salmonella spp. detection was carried out in accordance with ISO-6579-1 [15].
The protocol proceeds in four successive phases, namely: pre-enrichment phase
(buffered peptone water, 34°C and 38°C, 18 hours), enrichment phase (Rappaport
Vassiliadis broth, 41.5°C, 24 + 3 hours; MKTTn broth, 37°C, 24 + 3 hours), isola-
tion phase (xylose-lysine-deoxycholate agar, 37°C, 24 hours), and a confirmation
phase of suspect colonies through biochemical and serological tests. The results

were expressed as the presence or absence in 25 g of the sample.

2.4. Identification of Mycotoxinogenic and Biotechnological
Hazards

The assessment of mycotoxinogenic and biotechnological hazards in soybean

seeds consisted, respectively, of the detection of total aflatoxins (B1, B2, G1 and
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G2) and Genetically Modified Organisms.

2.4.1. Determination of Total Aflatoxins

Total aflatoxins (B1, B2, G1 and G2) were determined using a competitive im-
muno-enzymatic method (Symmetric Green Series). This method relies on a spe-
cific antigen-antibody interaction and a colorimetric detection, the intensity of
which is inversely proportional to the concentration of mycotoxins present in the

sample. The results were expressed in pg/kg.

2.4.2. Detection of Genetically Modified Organisms

The detection of GMOs was carried out in accordance with the ISO-21572 [16]
standard, using an immunochromatographic strip test. After protein extraction,
the sample was subjected to capillary electrophoresis on a membrane coated with
specific antibodies. The presence of GMOs was indicated by the appearance of a

colored band, signifying a positive result.

2.5. Data Processing and Statistical Analyses

The statistical analysis of the data consisted of performing descriptive statistics
(mean and Standard Deviation) using Excel 2013. An analysis of variance
(ANOVA) was then carried out to detect the nature of the differences in values
(significant or not) between the Departments, using the R software (R Core Team
2024). When the ANOVA indicated a significant difference, the Student-New-
man-Keuls (SNK) test was applied to precisely identify the distinct groups.

3. Results
3.1. Nutritional Quality of Soybean Seeds

The results of the nutritional analysis of soybean seeds produced and marketed in
Benin are presented in Table 1. The results obtained show that the nutritional
composition of the analyzed soybean seeds is generally homogeneous across the
different departments. This is reflected by the non-significant difference (p > 0.05)
noted for all the nutritional parameters studied (moisture, Lipids, proteins and
fibers).

The average moisture content (6.79% * 0.60%) is well below the maximum limit
of 13% set by the beninese standard. It also complies with the international stand-
ard ICS 67.060. This low moisture content is a favorable indicator of microbiolog-
ical stability and good seed preservation. It reduces the risks of mold development
and mycotoxin production. The lipid contents (18.88% =* 0.57%) meet the norma-
tive requirements (=15%), confirming the energy richness of soybeans. These re-
sults support soy’s status as an important source of fatty acids, particularly un-
saturated ones. Conversely, the average protein content (38.32% * 0.34%) is
slightly below the beninese standard (=40%). Although this difference is minor, it
suggests variability related to agronomic factors such as the cultivated variety, pe-
doclimatic conditions or farming practices. Regarding dietary fibers (10.09% =+

0.46%), the values obtained are generally close to the recommended limit (< 10%).
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Table 1. Nutritional value of soybean seeds by production departments.

:g): ‘o I E 2 3 [} < = 0 =1 o — E S
g 5 5 g ) & & 5 S = g 3 5 =2 8 T = g
E £ § & £ £ 2 5 £ & T 5 & T = £E£ 3
& < 2 £ & § © & 35 = o = & T E£A48 %
) = Z. ~
a
Y5, ¥+5 X+5, X+5, Xt5, X156, X156, X156, X5, X456, X156, ¥4, Ti5,
NB
. 6.24+ 696+ 595+ 746+ 6.72+ 6.61+t 6.17+ 7.17x 6.17x 7.16+ 8.00 6.93+
Moisture (%) NS 6.79+0.60 <13 01.07.004
072 120 165 0542 1.00 088 108 155 123 122 +177 113
(2021)
NB
. 195+ 18.65+ 18.8+ 18.61 + 18.55 + 19.61 + 18.07 + 18.37 + 19.05+ 195+ 19.7 18.19+
Lipids (%) NS 18.88 +0.57 >15 01.07.004
202 132 089 081 032 126 045 050 1.66 148 +1.99 0.59
(2021)
NB
X 38.68 + 38.14+ 38.05 + 38.18 £ 38.01 = 38.69 + 38.19 + 38.07 + 38.15 + 38.87 + 38.87 37.98 =
Proteins (%) NS 38.32£0.34 >40 01.07.004
1.38 1.65 0.26 1.34 1.17 1.72 0.87 0.59 0.54 1.72  +1.13 0.74
(2021)
. 10.24 £ 10.20 +£ 10.83 £ 10.00 + 9.36 £ 10.22 + 9.40 £ 10.43 £ 10.22 +£ 10.78 = 10.56 94.50 + CXS 174
Fibers (%) NS 10.09 £ 0.46 <10
155 135 193 099 050 089 083 085 080 102 +058 0.57 (2022)

X :mean; o :standard deviation; NS: Not Significant (p > 0.05); NB: Beninese Standard; CXS: Codex Standard.

Opverall, these results attest to the good nutritional quality of the soybean seeds
produced and marketed in Benin, despite a slight protein deficiency compared to

national standards.

3.2. Microbiological Risks Associated with Soybean Seeds

The results of the enumeration of Total Mesophilic Aerobic Flora (TMAF) and
the detection of Sa/monella spp. in soybean seeds are presented in Table 2. It ap-
pears from this table that the TMAF loads show significant variability across de-
partments (p < 0.001), with an overall average of 3.43 x 10° CFU/g. Some partic-
ularly high values (up to 10" CFU/g in Ouémé) indicate substantial contamina-
tion, likely related to inadequate hygiene conditions during handling, transport,
or storage. These levels of contamination in TMAF generally exceed the recom-
mended thresholds for dry goods, indicating an overall microbiological quality
that is unsatisfactory. A high microbial load can compromise seed quality and in-
crease the risk of contamination by pathogenic microorganisms.

Salmonella spp. were not detected in soybean samples from the departments
of Atacora, Donga, Borgou, Collines, Mono, Couffo and Plateau. These samples
are therefore considered satisfactory in terms of microbiological quality, in ac-
cordance with regulatory requirements. However, 40% of samples from the de-
partments of Alibori, Zou, Littoral and Ouémé contained Salmonella spp. The
risk is even higher in the department of Atlantique, where 80% of samples were
contaminated with Sa/monella spp. These results exceed acceptable microbio-
logical limits, and the respective batches are classified as unsatisfactory. The
presence of Salmonella spp. in 20% of samples is concerning. The detection of
this pathogenic bacteria indicates significant sanitary non-compliance. The
high rates observed in certain departments suggest failures in hygiene and food
safety practices.
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Table 2. Microbiological profile of soybean seeds.

Total Mesophilic Aerobic Flora (CFU/g) Salmonella spp. in 25 g
Departments Standard . Number Positive Normative
deviation Normative Limit of Samples sample Percentage Limit Reference
Alibori 6.45.107 1.86 05 02 40
Atacora 6.98.10% 0.98 05 00 00
Atlantique 4.90.10°¢  1.23 05 04 80
Borgou 6.12.10'%  2.01 05 00 00
Collines 4.35.10° 1.87 05 00 00
Couffo 4.98.10% 0.76 05 00 00
Donga 6.32.10% 2.40 10° CFU/g 05 00 00 Absent in 25 g NB 01.07.004 (2021)

Littoral ~ 4.28.10%¢  1.07 (Codex Alimentarius, [17] 05 02 40
Mono 4.98.10%¢  1.21 05 00 00
Ouémé 2.98.10'"  0.89 05 02 40
Plateau 4.35.10% 0.45 05 00 00
Zou 5.25.10%¢  1.32 05 02 40
Global 3.43.10° 1.05 60 12 20

CFU: Colony Forming Unit; NB: Beninese Standard; In the same column, the means marked with different letters are significantly
different at the 5% level according to the Student-Newman-Keuls test.

Table 3. Total aflatoxin contents and proportion of genetically modified soybeans.

Total aflatoxins (ug/kg) Proportion of GMO soybean seeds
Departments
Mean Standard deviation Normative Limit Reference Number of Samples Positive sample Percentage
Alibori 2.44> 1.12 05 00 00
Atacora 3.72* 0.68 05 00 00
Atlantique  1.53¢ 0.84 05 00 00
Borgou 1.61¢ 0.05 05 00 00
Collines 1.34¢ 0.33 05 00 00
Couffo 1.61¢ 0.14 05 00 00
Donga  2.63 0.09 4 ug/kg EC1881(2006) 05 00 00
Littoral 3.58° 0.42 05 00 00
Mono 1.37¢ 0.13 05 00 00
Ouémé 1.95° 0.9 05 00 00
Plateau 1.62¢ 0.24 05 00 00
Zou 1.28¢ 0.06 05 00 00
Global 2.05 0.85 60 00 00

EC: European Commission; In the same column, the means marked with different letters are significantly different at the 5% level
according to the Student-Newman-Keuls test.
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3.3. Mycotoxinogenic and Biotechnological Risks Associated with
Soybean Seeds

The total aflatoxin levels and the proportion of genetically modified soybeans in
the soybean seeds produced and marketed in Benin are shown in Table 3.

Total aflatoxin levels vary significantly across departments (p < 0.05), with an
overall mean of 2.05 + 0.85 pg/kg. All values remain below the maximum limit of
4 pg/kg set by European regulations, indicating overall compliance. However,
higher levels observed in certain departments (3.72 pg/kg in Atacora, 3.58 ug/kg
in the Littoral) suggest an increased risk to food safety if no measures are taken.
The departments of Alibori, Donga and Ouémé show intermediate levels, while
the other departments have considerably lower levels.

The results of the detection of genetically modified soybeans revealed a com-
plete absence of GMOs in the analyzed samples (0%). This either indicates a low
adoption of transgenic varieties in Benin or good traceability of the supply chains.
This result is significant in a context where issues related to GMOs concern both

health safety and consumer preferences.

4. Discussion

The results regarding nutritional composition are generally in accordance with
normative requirements and those reported in the literature. These results demon-
strate the good quality of the seeds used by farmers and adherence to good pro-
duction and drying practices.

The low moisture content observed could be explained, among other factors, by
the fact that soybean seed sampling was carried out in March, a period of strong sun-
shine, across almost all regions of Benin. This result corroborates that of Bermegui
Boni [18], who found moisture content in beninese soybean seeds ranging from 8 to
13%. The low moisture observed in this study is a favourable indicator of stability.
Soybean seeds should be less susceptible to microbial development. Qin, et al [1]
emphasise the importance of this parameter in seed stability and the prevention of
fungal contamination. Studies conducted in South America and Europe highlight
that a rate below 13% significantly limits fungal and bacterial growth [19].

The analyzed soybean seeds have an average lipid content of 18.88%. This result
complies with the beninese standard. It also conforms to the ARS 872 (2014)
standard, which specifies a normal lipid content of 15% to 20%. The lipid content
observed in our study is comparable to that reported by Bilyeu, et al [2]. Studies
conducted by Erliana [20] on 20 soybean lines in Indonesia revealed fat contents
ranging from 19.28% to 21.95%. This high-lipid content confirms soy’s role as a
major source of essential fatty acids with high energy value.

The protein contents (38.32%, average) observed in this study, although slightly
below the beninese standard (=40%), are in line with regional (ARS 872:2014) and
international (ICS 67.060) standards, which set the normal protein content be-
tween 35% and 40%. In West Africa, studies indicate that contents range from

35% to 42%, reflecting variability influenced by cultivated varieties and agroeco-
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logical conditions [6]. This variability is also confirmed globally, where factors
such as soil fertility, farming practices, and environmental stresses influence pro-
tein biosynthesis [21].

The dietary fiber content of the soybean seeds obtained in this study (10.09%,
average) is slightly above the Codex guideline limit (<10%). These observed values
are consistent with those reported in several international studies. Indeed, the fi-
ber content of soybeans generally ranges from 8% to 12%, depending on variety
and growing conditions (Yuhui Wang ef al, 2021). The TGX soybean variety cul-
tivated in Benin is very high in fiber. Thus, nutritionally, the soybean seeds pro-
duced and marketed in Benin meet international standards.

Conversely, the high levels of contamination of soybean seeds by TMAF ob-
served in this study exceed those reported in certain african studies. For example,
a study conducted in Nigeria by Adeyeye, ef al [22] showed significantly lower
microbial loads. These differences may be explained by less rigorous post-harvest
practices at local beninese markets. Indeed, the TMAF load is a good indicator of
hygiene, which allows for an assessment of microbial pollution and the overall
quality of food products [23].

The presence of Salmonella spp. in 20% of the samples is concerning and aligns
with the observations of Ferrari ef al [9], who documented cases of soybean con-
tamination involved in food poisoning incidents. This result highlights the need
to strengthen hygiene measures and good harvesting and storage practices through-
out the soybean value chain.

From a health perspective, soybeans pose a significant health risk due to the
pathogenicity of Sa/monella spp. Indeed, this pathogenic bacterium is among the
main causes of foodborne illnesses worldwide [24]. This bacterium can cause var-
ious health problems, ranging from mild gastroenteritis to severe systemic condi-
tions such as typhoid fever [25]. Globally, non-typhoidal Sa/monella spp. infec-
tions are estimated to cause 938 million cases of gastroenteritis and approximately
155,000 deaths each year (Majowicz et al, 2010). Meanwhile, typhoid fever, caused
by S. typhi, is responsible for 119 million cases and 128,000 deaths annually [26].
The impact of these diseases is particularly significant in low- or middle-income
countries [27].

Regarding aflatoxins, the results are below the national and international stand-
ard threshold (4 pg/kg). However, our values are much lower than those reported
in certain tropical regions, where concentrations exceeding 10 pg/kg have been
observed [10]. This could be explained by less favourable local climatic conditions
or relatively effective drying practices. The low level of total aflatoxins in beninese
soybeans is a positive aspect, given their harmfulness. Indeed, contamination by
mycotoxins, including aflatoxins, poses a food safety issue for cereals and other
staple crops. Aflatoxins are secondary metabolites produced by Aspergillus flavus,
A. parasiticusand A. nomius [28]. They contaminate a wide variety of foodstuffs,
including cereals, nuts, dried fruits, spices, oilseeds, dried peas, beans and fruits

[29]. Aflatoxins have been linked to liver lesions and cancer [30]. The contribution
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of aflatoxins to hepatocellular lesions is estimated at 4.6% - 28.2% in Sub-Saharan
Africa, South-East Asia and China [31]. Consumption of aflatoxins also leads to
other health issues, such as acute aflatoxicosis, immune deficiency and malnutri-
tion-related disorders such as stunted growth [30].

Finally, the absence of genetically modified soy among the analysed samples
contrasts with global trends, where more than 70% of soy is genetically modified
[5]. However, this result is consistent with the agricultural policies of many Afri-
can countries, where the adoption of transgenic crops remains limited. This situ-
ation reflects, among other factors, a low adoption of agricultural biotechnologies

in West Africa, often linked to regulatory, economic, and societal constraints.

5. Conclusion

This study highlights the good nutritional quality of soybean seeds marketed in
Benin, characterized by low moisture content, high lipid content and relatively
high protein levels. However, microbiological deficiencies are observed, with ele-
vated contamination levels and Sa/monella spp. detected in a significant propor-
tion of samples, posing a risk to public health. Aflatoxin levels remain within in-
ternational standards, and no targeted GM markers detected. These results em-
phasise the need to strengthen good hygiene and storage practices throughout the
entire production and marketing chain.

Limitation

The sampling of soybeans was carried out over a period of less than two months
(January to February). This was a period of high temperatures. What about other

periods of the year?
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