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Evaluation of Microbiological Quality of Soy-based Products (Milk and Yogurt) Collected in Ouagadougou

Abstract: Soybean (Glycine max) is leguminous plant cultivated for their protein-rich seeds, which are used in human and animal nutrition. Their seeds are processed into yogurt, milk, and many other by-products. However, during the processing of these products (milk and yogurt), they can be contaminated with physical, chemical, and biological contaminants that negatively impact consumer health. The objective of this study was to evaluate the microbiological quality of soy milk and yogurt produced in Ouagadougou. A total of 10 soy samples were collected and analyzed, including five (05) samples for soy milk and five (05) samples for soy yogurt. The microbiological parameters analyzed were total mesophilic aerobic flora, yeasts and molds, total and thermotolerant coliforms, Salmonella, and Shigella. These analyses were performed according to standard microbiological methods. The results revealed a total mesophilic aerobic flora load ranging from 6±0.7 x102 CFU/mL to 1±0.8x103 CFU/mL for soy milk and 1.42±0.3 x 103 CFU/mL to 4.63 ± 0.49 x 104   CFU/mL for soy yogurt. Yeast and mold counts ranged from 1.54 ± 0.3 x 102 CFU/mL to 3.64 ± 0.48 x 102 CFU/mL for yogurt and less than 10 CFU/mL for milk. Total and thermotolerant coliform counts were less than 10 CFU/mL for milk and soy yogurt. All samples were free of Salmonella-Shigella. All soy milk samples analyzed were of satisfactory quality and acceptable for soy yogurt. Soy milk and yogurt produced in Ouagadougou could be consumed safely by consumers based on the bacteria studied.
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1.
Introduction

Soybean, like other oilseeds, play an important role in human nutrition due to their nutritional value and growing importance in the agri-food industry. It alone accounts for around 60% of global oilseed production, 30% of the oil produced worldwide, and 70% of oilseed meal (Labalette, 2015 ; Muhammad et al., 2024). Since the 1970s, global soybean production has grown rapidly. In Burkina Faso, this crop ranks fourth among the main cash crops, after cotton, peanuts, and sesame (MAAH, 2016). In 2019, national soybean production amounted to 51,708 tons, reaching 98,513 tons in 2020, with an estimated marketing rate of 46% (MAAH, 2020). Soybeans are therefore an important driver of the national economy (Bosede et al., 2010). Processing soybeans is a strategic way to increase their added value and boost the sector. It is processed and marketed in various forms: edible oil, cheese, flour, couscous, and even oilseed meal for animal feed (Tahiru et al., 2025). Among the products derived from soybean processing is soy milk. Soy milk is consumed worldwide as a healthy protein drink and used as a raw material for the production of soy gel products such as soy yogurt (Peng, 2017). Aqueous extracts from whole soybeans are nutritionally rich (Giri and Mangaraj, 2012). They contain water-soluble proteins, carbohydrates, lipids, vitamins A and B, and essential minerals such as calcium, magnesium, potassium, zinc, iron, and phosphorus (Adebayo et al., 2009 ; Tahiru et al., 2025). The consumption of locally produced beverages (soy milk) and gels (soy yogurt) is becoming increasingly popular (Okada et al., 2019). The high cost and scarcity of milk in developing countries have led to the development of plant-based milk alternatives, such as soy milk (the raw material for soy yogurt) (Gard and Brown, 2007). These substitutes (soy milk and yogurt) are essential for solving malnutrition problems in developing countries such as Nigeria, Burkina Faso, etc. (Agwa et al., 2011). Soy milk and yogurt offer health benefits, including low cholesterol, reduced bone loss, and prevention of heart disease (Fasoyiro et al., 2010 ; Jin et al., 2025). Despite these numerous benefits, previous studies have shown that they can easily be a route of transmission for foodborne diseases (Brooks et al., 2004 ; Butovskaya et al., 2025). Microbial pathogens of food or water origin cause diarrheal diseases, one of the leading causes of illness and death in less developed countries, killing 1.9 million people worldwide each year (Hassanain et al., 2013 ; Basha et al., 2025). This is the context for the present study, the objective of which was to evaluate the microbiological quality of soy-based products collected from Ouagadougou 
2. MATERIALS AND METHODS
2.1 Sampling

 This study was conducted between March and April 2025. The various microbiological analyses were carried out at Laboratory of Applied Biochemistry and Immunology (LaBIA) at University Joseph KI-ZERBO. The milk and soy yogurt samples were collected immediately after production in Ouagadougou. A total of ten (10) samples were collected at random from each production run, including five (05) milk samples and five (05) yogurt samples. The samples were transported to LaBIA in a cooler containing ice to avoid temperature variations that could alter the number of microorganisms. Figures 1 and 2 show the soy milk and yogurt sampled in Ouagadougou.

2.2. Microbiological analysis of soy milk and yogurt

2.2.1. Preparation of the diluent, the stock suspension, and the decimal dilutions

The diluent or physiological saline solution was prepared by dissolving sodium chloride in distilled water at a ratio of 9 g of NaCl per 1000 mL of distilled water. The mixture was thoroughly homogenized and sterilized at 121°C, 1 bar in an autoclave for 15 min. After sterilization, the physiological saline solution was distributed into tubes at a rate of 9 mL per tube and into bottles at a rate of 90 mL per bottle. This solution was used to prepare the stock suspension and decimal dilutions for inoculation. The suspension and decimal dilutions were prepared in accordance with ISO 6887-1 (1999).
The stock suspension was prepared by taking 10 mL of soy milk or yogurt and adding it to 90 mL of sterile physiological water under aseptic conditions. The resulting solution represents the stock suspension corresponding to a 10-1 dilution. This suspension was then homogenized, before taking 1 mL using a sterile syringe and adding it to 9 mL of sterile physiological water contained in a test tube to obtain a dilution of 10-2. Similar operations were carried out on the new solution to prepare a series of cascade dilutions.

The various culture media were prepared according to the manufacturer's recommendations. 2.2.2. Enumeration of microorganisms
The total mesophilic aerobic flora was counted according to ISO 4833 (2003). Seeding was performed on the surface of PCA (Plate Count Agar) in duplicate. The plates were then incubated at 37°C for 24 to 48 hours. After incubation, the colonies were counted on all the plates of the selected dilutions. Yeasts and molds were counted according to ISO 7954 (1988). Seeding was performed on the surface of Sabouraud agar with chloramphenicol.  The plates were incubated at 30°C for 3 to 5 days.  The colonies were counted after incubation. Total and thermotolerant coliforms were counted according to ISO 4832 (2006). Eosin Methylene Blue (EMB) agar was used. Surface seeding was used. The plates were incubated for 24 hours at 37°C for total coliforms and at 44°C for thermotolerant coliforms. After 24 to 48 hours, the colonies were counted.

2.2.3. Search for Salmonella-Shigella

The search for Salmonella-Shigella was carried out in accordance with ISO 6579 (2017). This took place in four stages : pre-enrichment, enrichment, isolation, and identification. For the non-selective pre-enrichment stage, a 25 mL sample of soy milk or yogurt was taken and aseptically transferred to a 250 mL bottle. A 225 mL volume of sterile Peptone Water was added. The mixture was incubated at 37°C for 24 hours. This is a revivification phase aimed at allowing stressed bacteria to recover their stability. For the selective enrichment stage, a volume of 1 mL of the pre-enrichment culture was taken and introduced into a tube containing 9 mL of sterile Rappaport Vassiliadis Broth. This mixture was incubated at 37°C for 24 hours. Colonies were isolated by taking a 0.1 mL sample of the enrichment suspension and inoculating it onto Salmonella-Shigella Agar (SS-Agar). The plates were incubated at 37°C for 24 hours. Colonies suspected of being Salmonella-Shigella were subcultured and then purified. Biochemical tests were performed for confirmation.

2.2.4. Expression of results

The number of microorganisms in Colony Forming Units (CFU) per mL of milk or yogurt was determined according to ISO 7218 (2015). 
· For Petri dishes containing between 15 and 300 colonies were selected for the calculation according to formula:

N (CFU/mL) = Σ𝐂/𝐕(𝐧𝟏+𝟎.𝟏𝐧𝟐)𝐝
With : N: number of microorganisms in CFU/g of product ; ΣC: sum of colonies ; V: volume of inoculum placed in each Petri dishes in mL ; n1: number of Petri dishes retained at the first dilution ; n2: number of Petri dishes retained at the second dilution ; d: lowest dilution rate retained.
· For Petri dishes whose colony sum is less than 15, the following formula was used:

N (CFU/mL) = Σ𝐂/𝐕.n.𝐝
· For Petri dishes in which no colonies were observed, the number of microorganisms

was considered to be less than 1/d (N˂ 1/d).
2.2.5. Criteria for assessing the microbiological quality of soy milk and yogurt
The microbiological analysis results for soy milk and yogurt were interpreted according to a three-class plan based on the following criteria (satisfactory, acceptable, and unsatisfactory) for FAMT, total and thermotolerant coliforms, yeasts, and molds. For Salmonella and Shigella, a two-class plan was used (presence or absence in 25mL of milk or soy yogurt). The criteria for assessing the microbiological quality are presented in table 1 (soy yogurt) and table 2 (soy milk).

Table 1. Criteria for microbiological interpretation of soy yogurt

	            Germs

Appreciation 
	TAMF (CFU/mL)
	TC

(CFU/mL)
	TTC

(CFU/mL)
	YM (CFU/mL)
	SS 

	Satisfactory    
	N˂106
	N˂102
	N˂102
	N˂102
	Absence in 25mL

	Acceptable
	106˂N˂107
	102˂N˂103
	102˂N˂103
	102˂N˂103


	-

	Unsatisfactory
	N˃10 6
	N˃103
	N˃103
	N˃103
	Presence in 25 mL


Source : Codex Alimentarius (2003) and AFNOR (2014) 
Legend: TAMF: Total Aerobic Mesophilic Flora, TC: Total Coliforms, TTC: Thermotolerant Coliforms, YM: Yeasts and Molds, SS: Salmonella-Shigella, CFU: Colony Forming Unit
Table 2. Criteria for microbiological interpretation of soy milk
	        Type de germe

Appreciation 
	TAMF (CFU/mL)
	TC

(CFU/mL)
	TTC (CFU/mL)
	YM (CFU/mL)
	SS 

	Satisfactory   
	N˂104
	N˂102
	N˂102
	N˂102
	Absence in 25mL

	Acceptable
	104˂N˂105
	102˂N˂103
	102˂N˂103
	102˂N˂103


	-

	Unsatisfactory
	N˃104
	N˃103
	N˃103
	N˃103
	Presence in 25mL


Source : AFNOR (2014)
Legend: TAMF: Total Aerobic Mesophilic Flora, TC: Total Coliforms, TTC: Thermotolerant Coliforms, YM: Yeasts and Molds, SS: Salmonella-Shigella, CFU: Colony Forming Unit

2.3. Data processing
Word and Excel 2016 software was used for data entry, processing, and table management. XLSTAT pro version 2019 software was used for statistical data analysis. The means of the different variables were compared using analysis of variance (ANOVA) with Tukey's test at a significance level of p=0.05.  

3. RESULTS AND DISCUSSION
3.1. Microbiological characteristics of soy milk
The microbiological characteristics of the soy milk samples analyzed are recorded in Table 3 below. 

Table 3. Microbiological characteristics of soy milk
	Code
	TAMF

(CFU/mL)
	YM

(CFU/mL)
	TC

(CFU/mL)
	TTC

(CFU/mL)
	SS
	Global appreciation 

	SM1
	1.00 ± 0.8 x103a
	<10
	<10
	<10
	Abs
	Satisfactory

	SM2
	2.98 ±0.4x102ab
	<10
	<10
	<10
	Abs
	Satisfactory

	SM3
	2.00 ± 0.4x102b
	<10
	<10
	<10
	Abs
	Satisfactory

	SM4
	6.00 ±0.7x102b
	<10
	<10
	<10
	Abs
	Satisfactory

	SM5
	3.00 ±0.6 x102b
	<10
	<10
	<10
	Abs
	Satisfactory

	Norme
	˂104 CFU/mL
	 ˂ 102 CFU/mL
	
	 ˂1 CFU/mL                 Abs in 25mL

	P-value
	0.018
	-
	-
	-
	-
	-


Legend: In the same column, values with the same letters are not significantly different according to Tukey's test at a significance level of p=0.05. SM : soy milk ; TAMF: Total Aerobic Mesophilic Flora, TC: Total Coliforms, TTC: Thermotolerant Coliforms, YM: Yeasts and Molds, SS: Salmonella-Shigella, CFU: Colony Forming Unit, Abs : Absence 
Microbiological analyses of the samples revealed total mesophilic aerobic flora (TMAF) loads ranging from 3.00±0.6x102 CFU/mL to 1.00±0.8x103 CFU/mL. These values were lower than those reported by Maïga (2022), who worked on soy milk and found values ranging from 2.83x104 CFU/mL to 9.93x105 CFU/mL.  The difference could be due to the good quality of the raw material, the production equipment, and compliance with good hygiene and manufacturing practices (GHP/GMP) during the production of soy milk. All the samples analyzed were of satisfactory quality and therefore complied with the criteria set by AFNOR (2014), which recommends an TMAF load of less than 104 CFU/mL. The yeast and mold count in the samples analyzed was less than 10 CFU/mL. All soy milk samples analyzed were of satisfactory quality in accordance with the AFNOR (2014) standard, which stipulates that the yeast and mold count must be less than 102 CFU/mL. However, these values were similar to those reported by Maïga (2022), who worked on soy milk samples with a yeast and mold count of less than 10 CFU/mL. This similarity could be explained by the company's staff's compliance with good GHP/GMP practices. Yeast and mold are agents that are often responsible for altering the organoleptic and nutritional quality of food, thus limiting its shelf life. The total coliform and thermotolerant coliform counts were below 10 CFU/mL in all soy milk samples analyzed. These results therefore comply with the AFNOR (2014), which stipulates that the total coliform count must be less than 10 CFU/mL and 1 CFU/mL for thermotolerant coliforms. The presence of these microorganisms indicates recent contamination, often of fecal origin. The results of the Salmonella and Shigella tests revealed an absence of these bacteria in 25 mL of all soy milk samples analyzed. These results are similar to those reported by Maiga (2022). All samples analyzed were of satisfactory quality and therefore compliant with the criteria established by the AFNOR (2014) (no presence in 25 mL of product). These results could indicate an absence of contamination by fecal matter from handlers and the raw material used for soy milk production.  They could also indicate the application of and compliance with good hygiene practices by company personnel.

3.2. Microbiological characteristics of soy yogurt

The microbiological characteristics of soy yogurt samples analyzed are recorded in Table 4.
 Table 4. Microbiological characteristics of soy yogurt

	Code 
	TAMF

(CFU/mL) 
	YM

(CFU/mL) 
	TC

(CFU/mL)
	TTC

(CFU/mL) 
	SS
	Global appreciation 

	SY1
	1.08 ± 0.83x104a
	2.13 ± 0.66 x 102a
	<10
	<10
	Abs
	Acceptable

	SY2
	4.63 ± 0.49 x104c
	1.54 ± 0.68 x 102ab
	<10
	<10
	Abs
	Acceptable

	SY3
	1.42 ±0.30 x 103b   
	1.45 ± 0.30 x 102bc
	<10
	<10
	Abs
	Acceptable

	SY4
	1.50 ± 0.70 x 103b              
	3.64 ± 0.48 x 102bc
	<10
	<10
	Abs
	Acceptable

	SY5
	2.51 ± 0.70 x 103bc
	3.21 ± 0.97 x 102c
	<10
	<10
	Abs
	Acceptable

	Norme
	˂ 106 (CFU/mL
	˂ 102 (CFU/mL)
	˂1(CFU/mL)
	Abs in 1 mL
	Abs in 25 mL
	--

	P-value
	0.0001
	0.001
	-
	-
	-
	-

	Significatif
	Yes
	Yes
	-
	-
	-
	-


Legend: In the same column, values with the same letters are not significantly different according to Tukey's test at a significance level of p = 0.05. SY : soy yogurt , TAMF: Total Aerobic Mesophilic Flora, TC: Total Coliforms, TTC: Thermotolerant Coliforms, YM: Yeasts and Molds, SS: Salmonella-Shigella, CFU: Colony Forming Unit, Abs : Absence 

 TAMF loads of the different soy yogurt samples analyzed ranged from 1.50 ± 0.7 x 10³ CFU/mL to 4.6310⁴ ± 0.49 x 10⁴ CFU/mL. All soy yogurt samples had FAMT loads that complied with the Codex Alimentarius (2003) (N<106 CFU/mL). Thus, 100% of the soy yogurt samples analyzed were of satisfactory quality with regard to TAMF. However, these values were similar to those reported by Traoré (2018), who studied fresh cream with TAMF counts ranging from 1.3 x 104 to 2 x 104 CFU/mL. These results are below the Codex Alimentarius (2003) (106 CFU/mL). They could be explained by compliance with good hygiene practices and good manufacturing practices.The results of microbiological analysis of the soy yogurt samples revealed yeast and mold counts ranging from 1.45 ± 0.30 x 102 CFU/mL to 3.64 ± 0.48 x 102 CFU/mL. The yeast and mold counts in all soy yogurt samples analyzed were slightly higher than the microbiological criteria of the AFNOR (2014) (102 < N <103 CFU/mL).  In view of the above, we can conclude that all the soy yogurt samples analyzed were of acceptable quality. These values were similar to those reported by Ouédraogo (2019) for yogurt, where the load varied between 2.54 ± 7.86 x 102 CFU/mL and 3.13 ± 5.64 x 102 CFU/mL. The presence of yeast and mold could be due to recontamination during packaging (it may come from the ambient air or from the hands of staff). The company must strengthen hygiene and manufacturing measures and carry out short-term checks to prevent deterioration. Their presence may affect the market value of the yogurt by altering its organoleptic and nutritional characteristics.  

The total coliform and thermotolerant coliform counts were less than 10 CFU/mL in all soy yogurt samples analyzed. These values complied with the recommendations of the AFNOR (2014) (N <10 CFU/mL), and all soy yogurt samples analyzed were of satisfactory quality.  The non-detection of these microorganisms could be explained by good control of environmental and personnel hygiene during soy yogurt production.  The results of the Salmonella and Shigella tests revealed an absence of these bacteria in 25 mL of all soy yogurt samples analyzed. These results are similar to those reported by Traoré (2018). Soy yogurt is therefore of satisfactory quality according to the AFNOR (2014). This absence could be explained by the absence of fecal contamination and the application of GHP/GMP. Salmonella and Shigella are highly pathogenic bacteria. The presence of a single Salmonella or Shigella bacterium in a product renders it unfit for consumption. They are frequently found in the commensal flora of the intestines of animals. These bacteria are resistant to cold (i.e., refrigerators and freezers) but are killed by heat. According to FAO et al. (2019) and  FAO (2023), they can cause salmonellosis, one of the most widespread foodborne infections in the world.

4. CONCLUSION
This study evaluated the microbiological quality of soy milk and yogurt produced in Ouagadougou. The results of the microbiological analysis showed that all soy milk samples complied with the criteria set by the AFNOR standard, and were therefore of satisfactory quality in terms of total mesophilic aerobic flora, yeasts and molds, total and thermotolerant coliforms, and Salmonella-Shiguella.  The soy yogurt was of acceptable quality in terms of yeast and mold. The company must continue to apply good manufacturing and hygiene practices, strengthen compliance with procedures, and consider implementing a continuous improvement plan to ensure that its soy yogurt products are of satisfactory quality. The soy milk and yogurt produced in Ouagadougou could be consumed safely based on the microbiological parameters evaluated in this study.
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Figure 1. Soy yogurt samples





Figure 2. Soy milk samples





CHAPITRE III : RESULTATS et DISCUSSION












