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Nutritional and bacteriological quality of local dairy products from the Kozah municipalities, Togo
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ABSTRACT 
	Aim: Assess the nutritional and microbiological quality of local dairy products marketed in the Kozah municipalities. 
Study design:  This research focused on evaluating the nutritional and microbiological quality of dairy products from Kozah municipalities. Aleatory sampling was used. 
Place and Duration of Study: This study took place in Kozah municipalities (Kozah1, Kozah2, Kozah3 and Kozah4) from January to August 2023. 
Methodology: Water, ash, protein, lipid, and total sugar content of 29 samples of wagashi, lait caillé, raw, and pasteurized milk were determined using standard AOAC methods. Total flora, Coliforms and E. coli, Listeria monocytogenes, Staphylococci, Salmonella, Yeasts, Moulds, Lactobacillus spp. and Streptococcus spp. were also enumerated.
Results: The findings show water content ranging from 94.22% ± 0.27 to 95.65% ± 0.22. Sugar or carbohydrate content ranges from 20.45% (lait caillé) to 52.99% (raw milk). Fat content was 3.77% for wagashi, 2.52% for Pasteurized milk, 1.19% for raw milk and 4.91% for lait caillé. Protein contents were 2.67%, 1.62%, 6.54% and 1% in raw and pasteurized milk, wagashi and lait caillé respectively. Total ash levels ranged from 1.25% to 2.21%. The study found high total flora values in raw and pasteurized milk from Kozah3 and Kozah4, and yeasts and moulds concentrations ranging from 3.71 Log₁₀ to 4.80 Log₁₀CFU/ml. Total coliforms, faecal coliforms, E. coli, Salmonella spp., Staphylococcus spp., Listeria monocytogenes, Lactobacillus spp. and Streptococcus spp. were enumerated in all collected dairy samples. 
Conclusion: The contamination of Kozah dairy products by coliforms, E. coli, Salmonella spp., Listeria monocytogenes, yeasts, moulds and Staphylococcus spp. shows the lack of mastery and knowledge of good manufacturing practices by those involved in the milk chain in this area. So, the actors must be trained in good manufacturing practices.
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1. INTRODUCTION 

Milk is acknowledged as a crucial component of African pastoral civilisations, where it holds social and cultural significance in addition to its economic worth (Mattiello et al., 2018). In developing countries, dairy production is growing quickly and has a major impact on health, nutrition, the environment, and people's lives, and it has the ability to provide even more benefits in the future (Grace et al., 2020). Dairy production is crucial for the survival of billions of people worldwide who consume milk and dairy products daily. Milk and its products provide essential nutrients like proteins, fats, vitamins, and minerals. The production and consumption of dairy products are increasing globally, and the quality of raw milk is central to the safety and quality of all dairy products (Ntuli et al., 2023).  Dairy products such as fresh cheese, ripened cheese, wagashi, fermented milk, butter and dairy by-products (buttermilk, whey, ghee, and skim milk) are crucial for human nutrition in African countries especially in Togo and particular in Kara region. However, the quality of milk is often affected by factors like cattle diet, hygiene, breed, and season (Grace et al., 2020; Bednarski and Kupczyński, 2024). The dairy sector faces risks of contamination during production, processing, and marketing, that is why regular controls are necessary to ensure food safety and consumer satisfaction (Hooda et al., 2025) as buying dairy products in uncontrolled areas increases the risk of biological and chemicals contamination (Akinyemi et al., 2021). 
Microorganisms in milk can cause spoilage and quality issues, leading to major losses in the dairy industry. Poor storage conditions and breaks in the cold chain after milking can promote the growth of bacteria, molds, or other microbes in dairy products, resulting in health problems like foodborne infections, poisoning, or illness (Millogo et al., 2018). Additionally, the presence of foodborne pathogens, such as enteric and zoonotic bacteria, can pose health risks to consumers. Enteric pathogens like Salmonella enterica, Campylobacter spp., and E. coli can be caused by fecal contamination (Idland et al., 2022), while zoonotic pathogens like Mycobacterium spp., Brucella spp., Coxiella burnetii, Staphylococcus aureus, and Streptococcus spp. can be transmitted from infected animals (Rabaza et al., 2021; Collins et al., 2022; Helmy et al., 2025) to humans. Contaminated milk is a significant danger to public health because it can be drank without noticeable problems.
The prefecture of Kozah, a pastoral area with Fulani communities, supplies the population with dairy products daily. However, there is no data on the sanitary quality of the milk and dairy by-products produced locally by Fulani women farmers. The conditions under which raw milk is milked, transported, and processed raise questions about the potential spread of diseases and the safety of these dairy products for human consumption. Dairy products are exposed to the open air, direct contact with vendors, dust, insects, and animals. Once consumed, these products could be the source of several diseases, such as food poisoning and tuberculosis; in short, they could pose a public health risk to the populations of the Kozah prefecture. In the literature, very few studies have focused on the sanitary quality of dairy products in the Kozah municipalities. To provide new data on the sanitary quality of local dairy products and to reassure consumers, this study was conducted to assess the nutritional and microbiological quality of local dairy products marketed in the Kozah municipalities. 

2. mETHODOLOGY

2.1 Sampling, study framework and period
A total of 29 samples (200 g of wagashi, 300mL of lait caillé, raw and pasteurized milk) were randomly collected in sterile sachets from vendors at the markets of Kara and Lassa (Kozah1), Pya, and Yadé (Kozah2), Awandjélou (Kozah3) and Atchangbandè (Kozah4) from January to August 2023. The samples were then placed in coolers with ice packs and transported to LaSABA, University of Kara, and stored at 4°C awaiting analysis. 
[image: ]
Figure 1  Sampling map
2.3 Proximate Composition of raw milk, pasteurized milk, lait caillé and wagashi
Water content (AOAC, 2000), ash content (AOAC, 2000), protein content (Lynch and Barbano, 1999), lipid content (AFNOR, 2001), and total sugar content (DuBois et al., 1956)  were determined following standard methods. 
2.4 Microbiological analysis of collected milk samples
Microbiological analyses were performed in accordance with standard norms (Table 1).
2.5 Statistical analysis
Excel 2016 was utilized to input the collected data. After the mean and standard deviation of the data were calculated, charts were produced. For the means comparison (Turkey and Fisher) testing, XLSTAT2019 VERSION 2.2 was the software used.





Table 1: Referenced methods used to assess microbial quality of dairy products from Kozah
	Microorganisms 
	Dairy samples 
	Medium used 
	Seeded dilutions
	Incubation temperature (°C) /duration (hour)
	References 

	Total flora
	Raw and pasteurized milk and lait caillé
	Plate Count Agar (PCA, Himedia, India)
	10-2, 10-3 and 10-4
	37/24
	ISO4833-1 (2014) 

	Coliforms and E. coli
	
	Hecktoën and EMB (Eosin Methylene Blue) agar
	10-1 and 10-2
	37 and 44/24-48 
	ISO16649-2 (2001)

	Listeria monocytogenes
	
	Listeria Agar Base acc. OTTAVIANI and AGOSTI
	10-1 and 10-2
	37/24
	ISO11290-1 (2017)

	Stapylococci
	
	Mannitol Salt Agar
	10-1 and 10-2
	37/24
	ISO4833-1 (2014)

	Salmonella 
	
	For pre-enrichment (Rappaport-Vassilidalis broth), for isolation (SS agar and Hecktoen agar)
	10-1 and 10-2
	37/24
	ISO21567 (2004)

	Yeasts and Molds
	
	Sabouraud Chloramphenicol Agar and Rose Bengal Chloramphenicol Agar
	10-1 and 10-2
	30/24-72
	ISO21527-2 (2008)

	Lactobacillus sp.
	
	De Man–Rogosa–Sharpe agar (MRS agar) 
	10-1 and 10-2
	37/24
	ISO11290-1 (2017)

	Streptococcus sp. 
	
	M17 agar
	10-1 and 10-2
	37/24
	ISO11290-1 (2017)




3. results and discussion
Cow milk, a nutrient-rich biological fluid composed and secreted from the mammary glands of adult lactating cows, is the primary source of nourishment for a growing calf; its use as human food is widespread worldwide. Cow milk has a complex nutritional profile, with a wide variety of macro-nutrients, micro-nutrients,  and bioactives having individual roles in promoting growth, development, as well as general health (Gigli, 2017). With total solids of 11–14%, milk's main components include water (86–88%), milk fat (3–6%), proteins (3–4%), lactose (5%), and minerals (ash) (0.7%). Breed, stage of lactation, nutritional and physical status of the cow, season (which can include both temperature and stage of lactation effects, if calving is not evenly spaced throughout the year), and genetic characteristics are some of the elements that influence the composition of milk (Eskin and Goff, 2013).
This study involved assessing the nutritional and microbiological quality of locally produced Peuhs cheese (commonly known as wagashi), raw, pasteurised and curdled or fermented milk.
3.1. Water content
The table 2 shows the water and dry matter content of wagashi. The findings show water content ranging from 94.22% ± 0.27 to 95.65% ± 0.22. The wagashi (cheese) produced in the Kozah4 commune has the highest dry matter content at 5.78% ± 0.14.



Table 2 Water and dry matter content of wagashi samples
	 Municipality 
	Water content (%)
	Dry matter (%)

	Kozah2
	95,65 ± 0,22
	4,35 ± 0,50

	Kozah3
	95,25 ± 0,19
	4,75 ± 0,21

	Kozah4
	94,22 ± 0,27
	5,78 ± 0,14



The high water content promotes the rapid growth of microorganisms by altering their organoleptic characteristics and decreases milk's shelf life. Adeyeye (2017) found in wagashi sold in Ibadan (Nigeria) moisture levels ranging from 46.26%±1.41 to 51.24%±1.61. According to Dossou et al. (2022), evaluating water and dry matter content is a fundamental aspect of compositional analysis in studying wagashi, a traditional cheese product with deep roots in West African culinary practices. Wagashi's distinctive features, shaped by variations in processing methods and regional preferences, highlight the importance of understanding its basic components. Water content in cheese affects texture, shelf life, and sensory qualities. Dry matter, including proteins, fats, carbohydrates, and minerals, contributes to its nutritional value and structural integrity. Variations in water and dry matter levels can be influenced by factors such as milk type, coagulation process, pressing techniques, and subsequent drying or preservation methods (Ayanniyi et al., 2021). The texture of wagashi is affected by the balance between water and dry matter, with higher moisture content resulting in a softer, pliable consistency, and lower moisture content producing a firmer, more brittle texture. This balance also influences the cheese's susceptibility to microbial spoilage, as higher water activity can promote the growth of undesirable microorganisms (Tchobo et al., 2014). Optimizing wagashi production methods, ensuring product consistency, and meeting consumer expectations for taste, texture, and preservation all depend on understanding its water and dry matter content (Chatziantoniou et al., 2015).
3.2 Sugar content 
Carbohydrates are organic molecules that provide energy for the body and play a structural role in intracellular recognition and cell protection; but also in satiety, blood glucose regulation, insulin and lipid metabolism, colonic function, and the rheological properties of foods (Slavin and Carlson, 2014). 
The percentage carbohydrate content of dairy products in different sampling zones is shown in Figure 2. Kozah municipalities-made artisanal dairy products sugar or carbohydrate content range from 20.45% (lait caillé) to 52.99% (raw milk). Milk contains carbohydrates mainly represented by lactose, its most abundant constituent after water. Lactose is the only carbohydrate in cow's milk, and is specific to milk. 
Small-scale processing units in Africa use traditional methods to create various milk by-products(pasteurized milk, lait caillé, wagashi, …), resulting in unique nutritional profiles due to factors like milk source (cow, goat, or sheep), processing techniques, and additional ingredients(Tchobo et al., 2014; Ayanniyi et al., 2021). The local soft cheese named «wagashi»(Dossou et al., 2022) contains 10.28% of total carbohydrate (Figure 2). Our values are very closer than values found by Elkot et al. (2025) in Kareish cheese and Domiati cheese manufactured in Egypt which contain  3.37g/L and 10.36g/L respectively. But lower than 28.20% obtained by Seini et al. (2018) in Tchoukou, a traditional soft cheese in Niger. The presence and concentration of sugar in Wagashi products are influenced by intrinsic factors, necessitating detailed investigation into carbohydrate composition. Traditional food processing techniques in Africa may not always prioritize nutrient content standardization, requiring further investigation to understand its impact on consumer health and dietary considerations (Owuno et al., 2021). Examining the sugar content in Wagashi requires a multifaceted approach, considering the inherent lactose presence in milk, potential added sugars during processing, and the impact of fermentation, if applicable. 

Figure 2 Total sugar content in dairy products
This study found higher levels of carbohydrate content in raw milk compared to previously conducted studies in Benin by Aïssi and Soumanou (2016), in Portugal by Antunes et al. (2025) and in Egypt by Elkot et al. (2025). Indeed, these authors found respectively 17.1±0.07 % to 22.74±1.06 %, 4.9 ± 0.07% and 4.50 to 4.60%. Our high value may have resulted from sellers adding sugar to milk. According to norms, milk may contain no more than 5% of carbohydrates.
Cow’s pasteurized milk manufactured by home technology in the municipalities of Kozah sugar content is 33.18%. Pasteurization is a method of preserving milk by heating it to the right temperature, killing harmful germs and increasing its shelf life (Asben et al., 2024). In Libya, Elbagermi et al. (2020), found a sugar level ranging from 2.96 to 4.39%.
3.3 Fat content 
The findings showed that the fat content was 3.77% for wagashi, 2.52% for Pasteurized milk, 1.19% for raw milk and 4.91% for lait caillé (Figure 3).  The lipid content of our pasteurized milk are lower than those reported by Woldemariam and Asres (2017) and Rahmadini et al. (2024), which were 2.90 to 4.75% and 3.37%, respectively. 
Kareish cheese and Domiati cheese produced in Egypt contain 4.08 to 4.23% and 21.80 to 23.25% of fat as reported by Elkot et al. (2025). Also, Tchoukou, a soft traditional cheese made in Niger contains 40.19% of fat (Seini et al., 2018). The value of 3.77% obtained in this study is very lower than what these authors had reported. 
For Shalileh et al. (2023), although quantitatively variable, these lipids account for a large energy percentage and contribute novel bioactive compounds to consumer’s organism. Dairy products derived from milk, such as, cheese and lait caillé, also contain lipids that contribute to their distinct nutritional and organoleptic qualities (Saleem et al., 2024). A milk must contain an average of 4% of lipids (Eskildsen et al., 2014). Therefore, among dairy products from Kozah prefecture, only wagashi and lait caillé respect this norm. According to Moneeb et al. (2021) variations in lipid composition can be influenced by factors such as animal breed, diet and processing methods.

Figure 3 Protein, lipid and total ash content of dairy products from the Kozah prefecture
3.4 Protein content
Protein content of our studied dairy by-products is as follow: 2.67% for raw milk, 1.62% for pasteurized milk, 6.54% for wagashi and 1% for lait caillé (Figure 2). Similar values were obtained by Rahmadini et al. (2024), but are lower than those obtained by Woldemariam and Asres (2017) for pasteurized milk. Seini and his team (Seini et al., 2018) found a value of 29.01% in traditional soft cheese called «Tchoukou» in Niger. More, 32,8% of protein content in raw milk was found by Matallah et al. (2017). In Burkina Faso, Millogo et al. (2018) proved that milk sold by farms and dairies has a protein content ranging from 3.5±0.2 to 3.8±0.4%. However, the protein content of raw milk (2.7%), pasteurized milk (1.67%) and curdled milk (1%) produced and sold in Kozah is very low. This implies a poor physico-chemical quality of the milk and its by-products offered to consumers.
Our results show a high protein concentration (6.54%) in the wagashi samples compared to other local dairy products. This can be explained by the coagulation of all the milk proteins under the action of heat and Calotropis procera coagulates. On the other hand, this value is lower than 6.80 to 7.35%(Kareish cheese) and 9.21 to 10.09% (Domiati cheese) obtained by Elkot et al. (2025); 12.60% by Aworh (2024), and 13.5% by Dossou et al. (2024), in Egypt, Nigeria and Benin (in Wagashi gassiré) respectively. Also, our finding value is lower than 8.18% to 13.00% reported by Tossou et al. (2018) when comparing proximate composition of cheese from milk of all breeds of cows from Benin and Kenya. Because of its high animal protein content, wagashi is an ingredient that the Fulani people of West Africa often use in place of, or in addition to, meat and fish (Aworh, 2024). However, as directed by the fourth revision of the Codex Alimentarius Standards for fermented milks (CXS 243-2003), fermented milk must contain at least 2.7% of proteins (FAO/WHO, 2024), the lait caillé produce in Kozah doesn’t meet the international standard because of water adulteration at farm level and value chain actors. Many Togolese people’s diets, for instance, are predominantly cereal-based (akumé, akpan, Kom, rice, soja) and often lack sufficient protein quality, highlighting the importance of animal-source foods like dairy products to bridge this gap.
3.5 Ash content
This analysis is crucial for evaluating nutritional value, detecting adulteration, and ensuring food safety standards in regions where dairy consumption is a significant part of the diet. Ash content in dairy products significantly influences nutritional profile and physico-chemical properties, providing a comprehensive snapshot of inorganic constituents essential for human health and product origin and processing integrity. For raw milk, pasteurized milk, wagashi and curdled milk, total ash levels are 1.44%, 1.28%, 2.21% and 1.25% respectively (Figure 3). Wagashi ash content found in this study is similar to 2.13% obtained by Elkot and his team (Elkot et al., 2025) when studying domiati cheese. Indeed, ash content in dairy products can identify contaminants and foreign matter as milk adulteration, affecting safety and marketability (Ihegwuagu and Malomo, 2017; Zebib and Zewdu, 2020). On the other hand, the total ash content of 1.28% obtained in this study is higher than the value of 0.6% obtained by Woldemariam and Asres (2017) for pasteurized milk.
3.6 Microbiological quality
Microbial communities in milk, including bacterial, yeast, and fungal species, are crucial for the dairy industry, particularly in fermented foods like cheese, lait caillé, and curdled milk. They contribute to milk transformation through growth and metabolic activities, ensuring the safety and quality of dairy products (Silva et al., 2023). The microbial landscape of dairy products is a dynamic ecosystem influenced by factors like raw milk composition, processing, storage, and distribution. Understanding these changes is crucial for maintaining quality, safety, and shelf life. Microbial communities can undergo significant changes due to intentional inoculation, contamination, or processing techniques.
The various dairy products manufactured by home technology in the Kozah municipalities contain microbes at different concentrations. Enumeration of total aerobic mesophilic flora yielded high values ranging from 6.14Log10 to 6.68Log10 CFU/ml for raw and pasteurized milk collected in Kozah3 and Kozah4, respectively (Figure 4). Concentrations of yeasts and moulds ranged from 3.71 Log₁₀ (for pasteurised milk from Kozah3) to 4.80 Log₁₀ CFU/ml (for raw milk from Kozah4). The total flora bacteria counted in this study was lower than the value obtained for raw milk but higher than those obtained when enumerating them from Egyptian traditional cheese by Elkot et al. (2025). Mold and yeasts were present in all samples studied as reported in Egypt by Elkot et al. (2025). Total flora, yeasts and moulds constitute the spoilage flora of food products (Garnier et al., 2017; Azad et al., 2019). They lead to undesirable changes in the composition and organoleptic properties of food. These alterations have economic consequences. According to Azad et al. (2019), food spoilage can be caused by contamination from air, soil, sewage, and animal feces. Dairy products are susceptible to microbial spoilage due to their nutrient-rich (such as vitamins, proteins, lipids, and carbohydrates) composition and high water content (Islam et al., 2018; Ntuli et al., 2023). Microorganisms in raw milk and post-processing contaminations exacerbate this vulnerability. The quality of raw milk affects the shelf life of processed dairy products, as certain microbial populations can degrade lipid, protein, or lactic components. Controlling spoilage flora is crucial for food safety, product shelf life, and preserving organoleptic and nutritional qualities. Identifying and characterizing spoilage microbial flora is crucial for developing effective preservation strategies, including optimizing manufacturing processes and using advanced microbiological control methods. Pasteurization is a common heat treatment used to reduce microbial load in milk and extend shelf life. However, it doesn't guarantee complete sterilization and can cause undesirable changes like browning and nutrient loss. Alternatives like continuous sterilization, in-container sterilization under an autoclave, and ultrahigh temperature treatment can effectively inactivate microorganisms and extend shelf life.
 
Figure 4 Enumeration of total flora, yeasts and molds in dairy products from Kozah
The presence of pathogenic microorganisms in milk represents a major challenge for food safety and public health, requiring a thorough understanding of their diversity and virulence mechanisms. These pathogens can be either infectious, causing illness in the consumer, or toxin-producing, generating harmful substances even after the microorganisms themselves have been eliminated. Kozah dairy products are colonized by pathogenic microorganisms including Enterobacteria, Listeria monocytogenes, Salmonella, and Staphylococci. 
For total coliforms (Figure 5), the results obtained yielded 3Log10, 1Log10, and 1Log10CFU/ml for raw milk produced in Kozah1, Kozah3, and Kozah4, respectively. For pasteurized milk, 1.72Log10 and 1Log10CFU/ml were obtained respectively for Kozah3 and Kozah4. Lait caillé exhibited a count of 1Log10CFU/ml. The fecal coliforms were detected in all dairy products collected from all municipalities. The presence of E. coli in dairy products consumed in the municipality of Kozah 1, 2, and 4 could potentially lead to a public health crisis because the values ranged from 3.02Log10 to 5.02Log10CFU/ml during enumeration. According to Woldemariam and Asres (2017), coliforms bacteria can contaminate milk from various sources, increasing the risk of contamination. Their presence in pasteurized milk indicates recontamination after pasteurization. A high coliform count suggests improper production procedures or practices during processing. Coliforms are mainly fecal and do not survive pasteurization. Bayili et al. (2019) and Moonga et al. (2020) have reported the presence of Coliforms (Enterobacteria) in the milk and dairy products.

Figure 5 Enumeration of pathogenic flora in dairy products from Kozah
Listeria monocytogenes, a ubiquitous bacterial pathogen, represents a major food safety concern, particularly in the dairy sector due to its ability to survive and multiply under refrigerated conditions. This bacterium is remarkably resistant to a variety of adverse conditions, including wide temperature and pH ranges, as well as high concentrations of NaCl and sodium nitrite (Turhan et al., 2020). The results show the presence of Listeria monocytogenes in all types of dairy products collected in the Kozah municipalities (Figure 5). For Chisowa (2022) microbial contamination of milk, including Listeria, is often correlated with herd hygiene, animal health status, mastitis prevalence, production environment, milking practices and milk storage on dairy farms. Indeed, as reported by Bagretsov et al. (2021) and Bonilla-Luque et al. (2023), the presence of Listeria monocytogenes and other pathogens such as Salmonella (also detected in all samples) and E. coli in dairy products can also be attributed to contaminated raw materials, inadequate hygienic-sanitary conditions, or post-processing recontamination. This persistence is notably due to the survival of heat-resistant psychrotrophs after pasteurization, or to post-pasteurization psychrotrophic contaminants from the dairy processing environment according to Rush et al. (2022).
The contamination of Kozah dairy products by Staphylococci shows the lack of mastery and knowledge of good manufacturing practices by those involved in the milk chain in this area. Staphylococci, especially Staphylococcus aureus, pose a significant food safety risk due to their ability to produce heat-stable enterotoxins, especially in raw or inadequately processed dairy products, influenced by herd hygiene, mastitis, and production environments (Bissong et al., 2020; Chisowa, 2022). Sissoko et al. (2023) had reported the presence of Salmonella species in local milk and dairy products sold in Bamako in Mali Republic.
Lactic acid bacteria(LAB), a diverse group of Gram-positive, non-spore-forming, facultative anaerobic or microaerophilic microorganisms, are primarily recognized for producing lactic acid through carbohydrate fermentation, a process vital for preserving and processing foods, especially dairy products, where it enhances texture, flavor, and stability. Our findings (Figure5) are similar to those found by Moonga et al. (2020) and Bayili et al. (2019). Indeed, they found that dairy products harbour LAB especially belonging to Lactobacillus and Streptococcus groups. Also, Bayili et al. (2019) had found 8.6log10CFU/ml of LAB in Lait caillé, a value higher than what we found in this study which ranged from 1Log10 to 3Log10CFU/ml. 

Figure 6 Enumeration of Lactobacillus sp. and  Streptococcus sp. in dairy products from Kozah municipalities
Fermentation, particularly through LAB, can tailor sensory attributes, nutritional profiles, and functional properties of dairy products (Cichońska and Ziarno, 2022). However, the introduction of specific microorganisms can cause changes in taste and flavor, necessitating careful standardization of microbial quantities, fermentation time, and temperature.
3.7 Critical contamination points
The critical points of contamination are as follows:
For the collection, storage and processing of raw milk: The improper washing of hands during the various operations, of utensils, and of the cows' udders has been identified as a significant critical point of  contamination. Furthermore, the transportation of raw milk and dairy products is typically conducted on foot and in the open air, particularly for wagashi. Storage facilities at the production site and at the point of sale are characterized by substandard environmental conditions, which include the presence of flies, insects, and animals.
In the context of wagashi production, the risk of microbial contamination during the draining and drying stages is a critical concern, despite the proper cooking of the wagashi. These stages, which involve the addition of water and the application of a controlled environment for drying, are of paramount importance. However, if these steps are not executed with the requisite precision and care, the resultant cheese may be susceptible to microbial attack, compromising its quality and safety. During the marketing process, each customer is permitted to handle the cheese in order to assess its quality, with particular attention to its consistency, weight, and softness, prior to its purchase. This verification process has the unintended consequence of dispersing organisms throughout the food products being sold. These failures have been observed among all producers. In production areas, the water utilized for draining is not potable. The filter and drainer are only rinsed with water, and drying is conducted in the open air, thereby exposing the wagashi to all potential sources of contamination.

4. Conclusion
Raw milk, pasteurized milk, lait caillé, and wagashi are the various dairy products found in the four municipalities of Kozah. Their water, carbohydrates, protein, fat, total ash content was determined, and the results showed that these values do not meet the standards set by the WHO, FAO, and the Togolese government. The nutritional quality of Kozah milk products are substandard due to poor hygienic practices and water adulteration at farm level and value chain actors. The microbiological quality of these artisanal dairy products was assessed and showed that the spoilage flora (total flora, yeasts, and molds) and pathogenic flora (coliforms, Salmonella, and Staphylococci) are present in excessive numbers, posing a serious public health problem.
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Sugar content (%)	
Raw milk	Pasteurized milk	Lait caillé	Wagashi (local soft cheese)	52.993677947192268	33.179155820007438	20.453700260319824	10.284957233172186	Dairy product


Sugar content (%)



Lipid content	
Raw milk	Pasteurized milk	Wagashi	Lait caillé	1.1878580500813201	2.52	3.7720833913772807	4.8099999999999454	Proteins content	
Raw milk	Pasteurized milk	Wagashi	Lait caillé	2.6687499999999997	1.6187499999999997	6.5402012330934074	1	Total ash content	
Raw milk	Pasteurized milk	Wagashi	Lait caillé	1.4437500000000325	1.2750000000000927	2.2075525599257433	1.2453559648286654	Dairy products


Content (%)




Total flora	
Raw milk	Raw milk	Lait caillé	Pasteurized milk	Raw milk	Pasteurized milk	Kozah1 	Kozah 3	Kozah4	6.2796168724510046	6.1362085172599343	6.1546214616055721	6.1722854427498088	6.5463182798382418	6.6761724214575731	Yeasts and Molds	
Raw milk	Raw milk	Lait caillé	Pasteurized milk	Raw milk	Pasteurized milk	Kozah1 	Kozah 3	Kozah4	4.1051227676346533	3.8882365235109928	4.090401680634236	3.7144821705295046	4.803705354880849	4.4443549306619969	Dairy products


Log10CFU/ml




Total coliforms	
Raw milk	Raw milk	Lait caillé	Pasteurized milk	Raw milk	Pasteurized milk	Kozah1 	Kozah 3	Kozah4	2.9981979378619683	1	1	1.717864284759004	1	1	Faecal colifoms	
Raw milk	Raw milk	Lait caillé	Pasteurized milk	Raw milk	Pasteurized milk	Kozah1 	Kozah 3	Kozah4	3.6337313240144788	1	1	1	4.3388185565895725	2.3552724282084534	E. coli	
Raw milk	Raw milk	Lait caillé	Pasteurized milk	Raw milk	Pasteurized milk	Kozah1 	Kozah 3	Kozah4	4.4231634431630207	3.2909283026379335	3.0862435673898085	3.0377885609255912	5.0230653042558897	4.9590351857847788	Listeria sp.	
Raw milk	Raw milk	Lait caillé	Pasteurized milk	Raw milk	Pasteurized milk	Kozah1 	Kozah 3	Kozah4	5.7391580066517491	3.1069399099242858	3.7424732961054694	3.4568631508980689	5.435728569518008	6.3211897662151344	Staphyloccocus sp.	
Raw milk	Raw milk	Lait caillé	Pasteurized milk	Raw milk	Pasteurized milk	Kozah1 	Kozah 3	Kozah4	5.2221901739867036	4.70930813013993	5.3724857462696125	4.7671074854164912	5.7220353084271753	6.1914988427159257	Dairy products


Log10CFU/ml







Lactobacillus sp.	
Raw milk	Raw milk	Lait caillé	Pasteurized milk	Raw milk	Pasteurized milk	Kozah1 	Kozah 3	Kozah4	1.8455005373283504	1.6949855395405935	3.0048974652343654	2.1069399095527226	2.9128498242907508	2.349182799434673	Streptococcus sp.	
Raw milk	Raw milk	Lait caillé	Pasteurized milk	Raw milk	Pasteurized milk	Kozah1 	Kozah 3	Kozah4	1	1	1	1	2.5963781590359822	2.1689691664782065	Dairy products


Log10CFU/ml





image1.jpeg
BURKINA-FASO

v

>»Z>»IO
z—zmw

OCEAN ATLANTIQUE

10.000 70.000 130.000

-170.000

Légende

Sites de Prélévement des produits laitiers 0] KOZAH 1

Ferme Pya Akéi [ KOzZAH 3
Marché d'Atchagbande B KOZAH 4
Marché d'Awandjélou [ KOZAH 2

Marché de Yade ] Préfecture de la KOZAH

Marché d’Awandjélou

140,000

70,000

0,000

Jr

Projection : WGS 84
Source: IGN TOGO
Edition: 2023

130.000

-170.000

140.000

70,000

0.000




