


Evaluation of the physico-chemical and microbiological quality of the traditional fromage "Tchoukou" cheese sold in Niamey. 
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 Abstract 
 The traditional "Tchoukou" or dry cheese is made in several regions of Niger. Tchoukou is a product made from the raw milk of cows and goats, to which a liquid from the abomasum (rennet) of a young ruminant is added. The objective of this study is to evaluate the physico-chemical and microbiological quality of the traditional "Tchoukou" cheese sold in the city of Niamey. To do this, a survey was conducted from August 1 to 31, 2024 in Niamey, with 35 sellers. Samples were taken from cheese sellers. These samples were subjected to physico-chemical and microbiological analyses according to the standards appropriate to each parameter sought. The results obtained showed that 77.1% of the respondents are male, of whom 51.4% are in the age group of 19 to 25 years old and 42.9% are not in school. The physico-chemical analyses showed that the majority of the results obtained complied with the accepted standards for the physico-chemical properties that dairy products must meet. The microbiological results show that all the cheese samples analyzed are of unsatisfactory quality for yeast and mold (LM), 83% for coliforms (total and faecal) and E. coli. However, all cheese samples studied (100%) are of acceptable quality for the FAMT. It should be noted that Salmonella is present in 50% of the samples studied. "Tchoukou" presents risks of contamination that can affect the health of consumers. It is therefore necessary to devise strategies to improve the safety of this food through better monitoring.
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I. INTRODUCTION
Consumed for 12000 years, milk is a universal food present in all civilizations. This food has survived centuries and remains one of the most ingrained foods in our consumption habits today. Milk is a highly nutritious food because of its richness in carbohydrates, lipids, vitamins and mineral salts (Aggad et al., 2009 ; Ahmed et al., 2010). Niger is one of the largest milk producers in West Africa. Dairy products from the tradition are relatively varied and grouped into four (4) categories: yogurt, curd, cream and butter and cheese. Indeed, cheese is a product known and made by man for thousands of years. It is linked to the domestication of dairy species and the empirical knowledge of milk nutritional research. The transformation of milk into cheese meets the need for preservation of this food. Cheese is a very ancient means of preserving milk. It is a complex environment consisting mainly of water, coagulated proteins and milk fats. In addition, it is known in Niger as "Tchoukou", with a distinct triangular shape, and is made from the curds of cow's, goat's and camel's milk. "Tchoukou" is one of the most prized and consumed dairy products in Niger. The traditional cheese "Tchoukou" is a cheese from desert and semi-desert areas. It has long been made by women who, by this means, value the importance of milk production in the wintering season by storing food reserves for the dry period. Due to its richness in good quality proteins, calcium and vitamins, cheese is a food of high nutritional quality. For producers wishing to add value to their own products, and for informed consumers, the use of milk that has not undergone heat treatment is considered to be decisive in terms of the characteristics of the cheese obtained in terms of appearance, texture and, above all, organoleptic quality (). Seen from the point of view of public health, this type of production nevertheless represents a significant risk of foodborne illness (Doyle, 1989; Farber, Peterkin, 1991; Decludt, 1996)
Some microorganisms have an essential asset for taste and health, such as the bacteria used in cheese making (Lactobacillus). The risk of possible spoilage of cheeses by various beneficial or pathogenic microorganisms requires rigorous microbiological and physicochemical monitoring from milk milking to cheese production (Ruqia et al., 2015). In this context, the present study aims to evaluate the physicochemical and microbiological quality of "Tchoukou" cheese which is marketed in Niamey.
II. Materials and methods
2.1. Study framework
The study was conducted in Niamey, the capital of Niger. It is located on the Niger River in the far west of the country. According to the projection of the National Institute of Statistics (INS, 2024), in 2024, the population of the city of Niamey is estimated at about 1,407,635 inhabitants.
            [image: ]
Figure 1: Map of the Niamey Region and Administrative Boundaries, INS

2.2. Conduct of the investigation 
The survey was conducted in the markets (Grand Market, Katako, Small Market, Yantala Habou, Harobanda Market, etc.) and neighborhoods (Harobanda, Yantala, Koubia, Plateau, Zongo, etc.) of the urban community of Niamey, to collect information on cheese production, sales, sanitation and hygiene practices.




Definition and characteristics of variables  
The present study involved several variables grouped into the following three groups: sociodemographic characteristics (age, level of education) of the sellers, sales practices and the safety of the "Tchoukou". A questionnaire was developed to collect information on socio-demographic characteristics (age, level of education), sanitation and hygiene practices according to the Ishikawa method or the 5M rules (Codex Alimentarius Commission, 1999) which define the five essential aspects of sanitation, namely the method, the equipment, the material, the environment and the workforce (the state of the vendors' clothing,  , hand cleanliness, nail care and frequency of hand washing). Information was also provided on sales methods, handling and display of food sold, and the sales environment.  
2.3. Sample collection and transport 
 The samples were taken from different markets in the urban community of Niamey. The sample was taken the day before each manipulation. Sterile sachets were used for sample collection. The samples were kept cold in thermo ice and sent to the microbiology laboratory of the biology department of the Faculty of Science and Technology (FAST) and then to the Animal Food and Nutrition Laboratory (LANA) of the Faculty of Agronomy (FA) of the Abdou Moumouni University of Niamey and to the National Laboratory of Public Health and Expertise (LANSPEX).

2.4. Physico-chemical analysis techniques
The physicochemical analyses of the cheese consisted of the determination of protein, lipid, ash and moisture content by the AOAC method (Association of Official Analytical Chemist, 1990). 
· Protein contents were determined according to the method of Kjeldhal (1990) and the following formula was used to calculate the content:
N=
Protein = Nitrogen× 6.25 V0: blank test volume, V1: sample volume Ct: total concentration m: test portion mass.

· The fat or lipid contents were determined by sohxlet extraction. 
MG= 
MG: fat P1: Weight of samples (g) P2: Weight of the vacuum flask (g) P3: Weight of the flask + fat.

· The ash contents were determined by incinerating 1g of cheese in an oven at 550 ± 15°C, and the calculation according to the following formula:
%ash = 
P0: Weight of the vacuum beaker (g), P1: Weight of the samples (g) P2: Weight of the beaker + ash.

· The moisture contents were calculated according to the difference in the weight of the crucible before and after drying in the oven at 105°C overnight.
%moisture = 
P0: Weight of the vacuum beaker (g), P1: Weight of the samples (g), P2: Weight of the beaker + dry matter.

2.5. Microbiological analysis techniques
Preparation of culture media 
The preparation of the culture media consists of diluting the corresponding mass of each freeze-dried medium with 1 L (litre) of distilled water and placing the solutions on a hot plate until boiling. The solutions were then sterilized in an autoclave at 121°C for 15 minutes.
Preparation of stock solutions: ISO 6887-V08-010-6 (2013) was used for the preparation of stock solutions. Thus, 10 g of each cheese sample was weighed and poured into a vial containing 90 ml of buffered pepttoned water (BPW) after grinding. The filtrate obtained is homogenized for 45 minutes under magnetic agitation. This stock suspension solution was used to achieve a series of decimal dilutions. For this purpose, 1 mL of the stock suspension was introduced into a test tube containing 9 mL of sterile buffered peptone water, using a sterile graduated pipette to obtain a 10-2 solution. Then, 1 mL of this test tube was introduced into another test tube containing 9 mL of the diluent, and so on until a 10-4 solution was obtained.
· The FAMT enumeration was carried out according to the ISO V08-051(1992) / ISO 4833 standard on PCA (Plat Count Agar) agar. Incubation was done at 37° C for 24 hours in the oven, with the lids facing down. All colonies that have grown on the surface have been counted.
· Total and faecal coliform counts were performed according to the standard (ISO V 08-015 (1991) / ISO 4832 and ISO V 08-017 (1996)) on Mac Conkey agar. The boxes were incubated at 37 °C (total coliforms) and 44°C (faeces) for 24 hours with the lids facing downwards. Bright red to pinkish colonies were counted.
· Escherichia coli is a member of the Enterobacteriaceae family. It is considered a good indicator of fecal contamination. The search for E.coli was carried out on EMB (Eosine Methylene Blue) medium according to the ISO 3811 method. The incubation of the petri dishes was done at 37°C for 24 hours. Blue colonies with metallic reflections were counted.
· Yeasts and moulds have been counted according to the NF V08 059: (2002) standard on Sabouraud chloramphenicol agar. The seeded dishes were incubated at 37°C for 72 hours. The colonies (lenticular, round, deep in the agar, generally white for yeasts and filamentous colonies, downy on the surface for moulds) were observed and counted.
The search for Salmonella was carried out in two stages: enrichment on liquid selective medium (Rappaport Vassiliadis), and isolation on SS solid selective medium (Salmonella-Shigella). 
· Enrichment: 0.1 mL of the sample already pre-enriched in peptone water was introduced into a sterile test tube containing 10 mL of Rappaport Vassiliadis. The mixture was homogenized and incubated for 24 hours at 42°C. 
· Isolation: Cultures in Rappaport Vassiliadis medium were inoculated on the surface of SS (Salmonella-Shigella) solid selective medium using a platinum loop. The boxes were turned over and incubated for 18 to 24 hours at 37°C.

Reading and Interpretation 
According to the French standard V 08-011, each box retained must contain a maximum of 300 colonies and at least 15 colonies. The number of microorganisms per gram of the sample was calculated from the boxes retained at the level of two successive dilutions by applying the formula below:
N = 

· Σc = Total number of colonies counted in the boxes with a number of colonies between 15 and 300. 
· n1 = number of boxes counted from the first dilution; 
· n2 = number of boxes counted from the second dilution; 
· v = volume inoculated, generally 0.1ml;
· D = dilution factor from which the 1st counts were made.
2.6. Data processing
For the physicochemical and microbiological data, IBM SPSS statistics 23 was used to calculate means and standard deviations, correlation and logistic regression. In order to evaluate the quality of the "Tchoukou" cheese samples, the protein, lipid, ash and moisture contents were compared to the compositional and physico-chemical quality criteria. The bioloads were also compared with the values established by the European Commission Regulation (EC) No. 02073/ (2005), the microbiological criteria for "milk-based" food.
III.  RESULTS
3.1. Vendor demographics
[bookmark: _Toc189309095]The demographic characteristics of cheese sellers in the city of Niamey are presented in Table I. The results of the survey show that the majority of vendors are male, accounting for 77.1%, compared to 22.9% for the female gender. It seems that 51.4% of the respondents are between 19 and 25 years old, while 57.1% are single and 42.9% are not in school. Of these, only 25.7% and 14.3% have primary and secondary levels of schooling, respectively.
  
Table I: Demographic characteristics of cheese sellers  
	Characteristics
	       Number    
	          Percentage %                                                                                               

	Age    
	Under 18 years old
	           1
	                     2,9

	
	19-25 years old
	          18
	                   51,4

	
	26-35 years old
	          15
	                   42,9

	
	36 to more
	           1
	                     2,9

	sex   
	Masculine
	          27
	                   77,1

	
	Feminine
	            8
	                   22,9

	Status
	Bachelor
	           20
	                   57,1

	
	Married
	           15
	                   42,9

	Level of study
	Not in school
	           15
	                   42,9

	
	Literate
	             4
	                   11,4

	
	Primary
	             9
	                   25,7

	
	Secondary
	             5
	                   14,3

	
	Upper
	             2
	                     5,7



3.2. Vendor hygiene
Table II presents the hygiene of the sellers for sale. Table VI shows that 91.4 per cent of vendors wash their hands, while 8.6 per cent wash their hands at all. This table also indicates that 57.1% of vendors use soap for handwashing.
	
Table II: Hygiene of salespeople for sale
	Characteristics
	Number
	Percentage (%)

	Hand washing
	Yes
	    32
	91,4

	
	No
	      3
	8,6

	Use of soap
	Yes
	    20
	57,1

	
	No
	    15
	42,9









3.3. The results of physico-chemical analyses
The results presented in Table III show the average protein, fat, ash and moisture content of the cheese samples sold in Niamey. The average protein contents range from 31.02±0.01 to 44.84±0.04. With the exception of cheese 6, all the samples studied showed high protein contents. Lipid contents showed values between 35.47±4.68 and 52.90±16.21. The highest content was recorded in cheese 2. As regards ash and moisture contents, the lowest concentrations were observed for cheeses 4 (3.35±0.15) and 5 (2.20±1.42) respectively. Significant differences were noted between protein (P-value=0.000) and ash (P-value=0.035) contents. On the other hand, the lipid and moisture contents did not show significant differences (P-value=0.418 and P-value=0.117) respectively.

Table III: Average contents of physicochemical parameters
	Samples
	Protein
	Lipids
	Ashes
	Humidity

	                                                           Mean±Standard Deviation

	Cheese 1
	41.73±0.04e
	44.89±2.68a
	3.75±0.41abc
	2.20±1.42a

	Cheese 2
	44.84±0.04F
	52.90±16.21a
	3.41±0.12ab
	3.24±1.03a

	Cheese 3
	37.29±0.04C
	45.33±0.17a
	4.34±0.28c
	4.59±0.96ab

	Cheese 4
	36.26±0.07b
	44.23±4.63a
	3.35±0.15a
	4.62±1.26ab

	Cheese 5
	37.03±0.07D
	35.47±4.68a
	4.00±0.06bc
	9.22±4.35b

	Cheese 6
	31.02±0.01a
	43.73±0.31a
	3.95±0.17bc
	5.53±0.13ab

	P-Value
	0,00
	0,418
	0,035
	0,117


Values that do not have the same superscript letter on the same column are significantly different (P ˂ 0.05). Cheese 1: Tillabéry, F2: Zinder, F3: Agadez, F4: Agadez, F5: Zinder, F6: Tahoua.

3.4. Microbiological test results
The results presented in Table IV show the average loads of FAMT, total and faecal coliforms, Escherichia coli and yeasts and moulds. These results showed the presence of FAMT in all samples with variations ranging from 1.13±0.71.105 to 3.03±0.15.105 CFU/g of cheese. All samples meet the standards of compliance with the FAMT, so they are of acceptable microbiological quality. A high level of total coliforms was observed in the cheeses analyzed ranging from 0 to 3.27±2.33.105 CFU/g of cheese. According to the results obtained, only sample 1 has a satisfactory bacterial load. However, the cheeses tested showed elevated fecal coliform ranging from (approximately 5.84±4.03.105 CFU/g cheese). Except for cheese 2, which is of satisfactory microbial quality, all samples have loads that exceed the standard. As far as Escherichia Coli is concerned, cheese 1 is more contaminated (1.52±1.52.104 CFU/g of cheese). Almost all the samples (except sample 4) exceeded the limit of acceptability, defined by AFNOR. The count of yeasts and moulds shows a maximum concentration at the level of cheese 5, i.e. 1.27±0.46.105 CFU/g. These results showed that not all samples met the standards for yeast and mould compliance. In addition, all associations are between the contamination indicators and samples are significant, (FAMT (P-value=0.007), total coliforms (P-value=0.005) and (P-value=0.006), for Escherichia coli (P-value=0.022) and for yeasts and molds (P-value=0.00)).
Table IV: Average loads of microbiological parameters
	Samples
	FAMT
	CT
	CF
	EC
	LM

	                                                             Mean±Standard Deviation

	E1
	3.03±0.15.105c
	<1
	2.75±2.75.102a
	1.52±1.52.104b
	3.62±0.83.104ab

	E2
	1,23±0,88.105ab
	2,50.103a
	<1
	1.21±0.34.104b
	9,44±3,92,104bc

	E3
	1.13±0.71.105ab
	7.86±3.34.104ab
	2.53±1.61.105ab
	2.50±2.50.102a
	1.71±0.83.104a

	E4
	1,75±0,70.105bc
	3.27±2.33.105b
	1.39±0.93.105ab
	<1
	1.06±0.44.104a

	E5
	1,75±0,70.105bc
	3.20±1.51.104a
	2,178±0,62,104a
	8.50±8.50.102a
	1.27±0.46.105c

	E6
	1.83±1.05.105bc
	1.66±0.51.105ab
	5.84±4.03.105b
	1.30±0.70.103a
	3,34±2,07,104ab

	Norm
	5105a
	10a
	10a
	102a
	100a

	P-value
	0,007
	0,005

	0,006
	0,022
	0,00



3.5. Level of Salmonella contamination of cheese
Table V shows the level of salmonella contamination of cheeses. The results shown in Table V indicate the existence of salmonella in the samples studied, up to 50%.


Table V: Level of contamination of cheeses by Salmonella
	Salmonella samples (CFU/g cheese)

	Cheese 1
	                            Absence

	Cheese 2
	                            Absence

	Cheese 3
	                            Presence

	Cheese 4
	                            Presence

	Cheese 5
	                            Presence

	Cheese 6
	                            Absence

	Norm
	                            Abs/25g



IV. Discussion
Food is eaten to ensure the maintenance and proper functioning of the body. However, they can behave as vectors of disease or an environment conducive to the proliferation of microorganisms if hygiene rules during food preparation, storage and packaging are not respected (Jean-Louis 2007). The results of this study show that the majority of the salespeople surveyed are male (77.1%). Of these sellers, 51.4% are between 19 and 25 years old and 42.9% are out of school. It has been observed that the cheeses are sold in unsatisfactory hygienic conditions, where hygiene rules, specifically hand washing, are not respected. Physicochemical analyses are carried out in order to verify the composition and physical and chemical quality of the final product "Tchoukou" intended for marketing. Among the composition and quality criteria sought in these samples are, among other things, protein, fat, ash and moisture contents. According to the results obtained, the protein content in the cheeses studied varies from a minimum level found on cheese 6 to a maximum level at cheese level 2. Different results have been observed on the production and processing of fresh milk into Fulani cheese in Benin (Dossou et al., 2006) and in Algeria on fresh cheese made from camel milk and goat's milk (Gadi BHM., 2020). This could be explained by several factors, including climate, stage of lactation, feed availability, fluid intake, cow health and milking conditions (Labioui et al., 2009). The fat content in all samples studied ranged from 35.47% to 52.90%. This variability is attributed to the extraction technique and the composition of the raw material which depends on different factors such as feed, season, etc. (Tantawi-Elaraki et al., 1987). Our results differ from those of (Kalandi M. et al., 2015) in Senegal, as well as (Thibaut et al., 2023) in Benin, (Valence et al., 2018), DR Congo. This could be due to non-compliance with good hygiene and manufacturing practices. According to the results obtained, the ash content varies between 3.35 and 4.34%. The variations linked to these concentrations are relatively small. Our results are different from those cited by (Gadi BHM., 2020) in Algeria. They also remain close to those of (Thibaut et al., 2023) in Benin. Humidity results range from 2.2 to 9.22%. They are different from those of (Menssel., 2019) in Algeria, who worked on the fresh cheese "j'ben", of (Korfah and Soffah., 2020) in Algeria who studied pasteurized processed cheese.
From a microbiological point of view, the germs sought are total mesophilic aerobic flora (FAMT), total and faecal coliforms, E. coli, Salmonella, as well as yeasts and moulds. The analyses carried out showed that the load of FAMT varies from one sample to another. The high level of FAMT contamination indicates the non-compliance with good hygiene practices at the time of manufacture and marketing. The loads obtained are different from those of (Berrehail., 2018) in Algeria (2.53.107 CFU/g) on the traditional Klila cheese, in Cameroon (Maïwore J. et al., 2018). These results highlighted a particularly high rate of total coliforms. They are different from those found by several authors: in Algeria (Allioui M. and Benmaatallah R., 2021), (Medjahed M., 2021). This can be explained by the non-compliance with good hygiene practices at the time of manufacture and marketing. As far as faecal coliforms are concerned, the results obtained show very high levels of contamination  in all the samples analysed. It should also be noted that E. coli was present  in the cheese samples. The values obtained during this study are different from those reported by (Boukabou., 2019; Gadi BHM., 2020) on cream cheese. These authors affirmed a total absence of this pathogenic bacterium. But the same results were observed in DR Congo (Valence et al., 2018), which observed the presence of this germ. Yeasts and molds are also found in high concentrations. Our results are superior to those found by several authors: in Algeria (Menssel, 2019), (Thibaut et al., 2023) in Benin, as well as (Valence et al., 2018), DR Congo. The presence of yeast and mould is the consequence of prolonged exposure of the product to the open air. It should be noted that 50% of our samples analysed contain Salmonella spp. The same findings were made on the traditional Bouhezza cheese in Algeria (Allioui M. and Benmaatallah R., 2021), from (Valence et al., 2018), DR Congo, which observed the presence of this pathogenic germ. According to Hamama (1989), the detection of Salmonella in cheese has a very important hygienic significance since all Salmonella is considered potentially pathogenic to humans. Salmonella contamination of cheese can occur during its preparation, particularly from handling or dairy tableware that is likely to be contaminated. 
However, almost all the bioburdens obtained are above the maximum allowable values for the microbiological criteria that dairy products must meet to be officially recognized as fit for consumption. This may be because the product is being sold in the open air. With the exception of FAMT, all the bacterial loads obtained are higher than the maximum values allowed by the microbiological criteria that dairy products must meet in order to be officially recognized as fit for consumption. This can be explained by the lack of hygiene observed throughout the processing process. 

Conclusion
[bookmark: _Toc187403936][bookmark: _Toc192515764]The present study conducted among the vendors of "Tchoukou" in the city of Niamey showed that the majority of them are male and not in school. From a physico-chemical point of view, the analysis showed that the cheese samples studied are of satisfactory quality (ash and moisture content). However, the protein (with the exception of sample 6) and lipid (with the exception of sample 5) levels exceeded the accepted standards.  With respect to the microbiological results, with the exception of FAMT, which had loads that met the standards, all samples showed contamination levels that exceeded the normal allowable limit for food. Salmonella was found in  50% of the foods analyzed. "Tchoukou" presents risks of contamination that can affect the health of consumers. It is therefore necessary to devise strategies to improve the safety of this food through better monitoring.
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