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Evaluation of the Microbiological Quality of Raw Camel Milk Consumed in N’Djamena, Chad





ABSTRACT 
	Camel milk is an important food resource in Sahelian regions; however, its consumption in raw form exposes populations to microbiological risks. This study assessed the microbiological quality of 30 raw milk samples collected from three districts of N’Djamena (7ᵗʰ, 9ᵗʰ, and 10ᵗʰ). Standard microbiological techniques were applied to analyze total mesophilic aerobic flora (TMAF), total and thermotolerant coliforms, Staphylococcus aureus, yeasts and molds, as well as Salmonella. Microbial loads ranged from 2.27×10⁴ to 1.81×10⁵ CFU/mL (TMAF), 2.27×10³ to 6.41×10⁴ CFU/mL (total coliforms), 4.55×10² to 4.09×10⁴ CFU/mL (thermotolerant coliforms), and 4.55×10² to 1.82×10⁴ CFU/mL (S. aureus). Yeasts and molds were detected in several samples (4.55×10² to 9.32×10⁴ CFU/mL). No Salmonella was isolated. Overall, 70% of the samples complied with standards, 10% were acceptable, and 17% unsatisfactory. These findings highlight the need to strengthen good hygiene practices during milking and marketing.
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1. INTRODUCTION
Milk holds a central place in human nutrition, as it is a complete food essential for infants and beneficial for all age groups due to its richness in proteins, lipids, carbohydrates, minerals (particularly calcium), and vitamins (Arroum et al., 2015). In arid and Sahelian regions, camel milk represents a major nutritional and economic resource. With a relatively low fat content (≈2%) but rich in polyunsaturated fatty acids, its composition differs from that of other ruminants (Mona et al., 2010). It provides a comprehensive nutritional profile comparable to cow’s milk (Attia et al., 2001) and constitutes an essential food for ensuring food security. In Chad, the camel population is estimated at over 6 million heads, contributing significantly to pastoral economies and to the nutrition of communities. Around the outskirts of N’Djamena, the marketing of camel milk plays a critical role in food security, job creation, and local economic development (Djalal et al., 2021). Nevertheless, raw milk is a highly perishable product prone to microbiological contamination, owing to its nutrient richness and the often precarious conditions of milking, transportation, and marketing (Ghazi et al., 2011). For this reason, strict hygienic practices during collection and handling are required to ensure its safety (Labioui et al., 2009).
In N’Djamena, the consumption of raw camel milk is common, yet few local studies have assessed its microbiological quality. This study aims to fill this gap by determining the microbial load of raw camel milk, identifying potential risks, and providing recommendations to improve its safety.
2. MATERIALS AND METHODS
2.1. Study framework, site, and design
This prospective and experimental study was conducted from April 1 to June 30, 2022, in the peri-urban area of N’Djamena (7ᵗʰ, 9ᵗʰ, and 10ᵗʰ districts). Analyses were carried out at the Laboratory for Diagnostics, Research, and Scientific Expertise (Labo-REDES), LaRSAN unit, Faculty of Human Health Sciences, University of N’Djamena.
In parallel with the collection of raw camel milk samples, a survey was administered to nomadic herders using a structured questionnaire. The survey addressed education level, hygienic practices during milking, types of equipment used, veterinary follow-up, and milk transportation conditions.
2.2. Sampling
Thirty (30) raw camel milk samples were randomly collected from herders under aseptic conditions and transported under refrigeration to the laboratory of the Faculty of Human Health Sciences, University of N’Djamena.
2.3. Microbiological analyses
2.3.1. Biological material and microbiological methods
Raw camel milk collected in the three districts of N’Djamena was subjected to microbiological analyses following AFNOR (2002) and ISO standards. The microorganisms investigated included total mesophilic aerobic flora (TMAF), total and thermotolerant coliforms, Staphylococcus aureus, yeasts and molds, and Salmonella.
2.3.2. Sample preparation and dilutions
For each analysis, 10 g of raw milk were homogenized in 90 mL of buffered peptone water (BPW) to prepare the stock solution (1/10 dilution). Serial decimal dilutions (10⁻¹ to 10⁻⁷) were then prepared using sterile physiological water. Aliquots were subsequently inoculated onto specific culture media in accordance with AFNOR (2002) and ISO standards. For the detection of Salmonella, the pre-enrichment step was incubated at 37°C for 24 hours.
2.3.3. Inoculation and incubation
Microorganisms were isolated and enumerated on selective and differential culture media as summarized in Table 1. 
Table 1: Culture media used for detection and enumeration
	Microorganisms
	Media
	Incubation Temperature
	Duration (h)
	References

	TMAC
	PCA
	37 °C
	24-48
	NF.V08-051

	Total coliforms
	EMB
	37 °C
	24-48
	NF.V08-050

	Thermotolerant coliforms
	EMB
	44 °C
	24-48
	NF ISO 4831

	Salmonella
	BN, RVS, SS
	37 °C
	18-24
	AFNOR.V08-052

	S. aureus
	Chapman
	37 °C
	24-48
	NF ISO 6888-1

	Yeasts and molds
	Sabouraud
	25-30 °C
	72-168
	NF ISO 21527-1



This table summarizes the culture media used for detecting and enumerating various microorganisms relevant to microbiological quality. It lists different types of microorganisms, the specific culture media used for their growth, and the corresponding incubation temperatures and durations required for optimal cultivation. Additionally, it includes references to standards or norms guiding these microbiological methods. The table covers Total Mesophilic Aerobic Count (TMAC), total and thermotolerant coliforms, Salmonella, Staphylococcus aureus, and yeasts and molds, each with tailored media and incubation conditions to accurately identify and count these organisms in samples. This information is essential for ensuring food safety and quality control in microbiological testing.
A volume of 0.1 mL from the 10⁻¹ and 10⁻² dilutions was spread onto Petri dishes containing the selective agar media for the microorganisms of interest. Two Petri dishes were used for each dilution. Foodborne intoxications are mainly caused by staphylococcal enterotoxins produced by Staphylococcus aureus.
· TMAF: PCA agar, incubation at 30–37 °C for 48 h.
· Total and thermotolerant coliforms: EMB agar, incubation at 37 °C and 44 °C, respectively, for 24–48 h.  Escherichia coli appear as isolated colonies, 2–3 mm in diameter, tending to merge, with a metallic green sheen under reflected light and a dark purple center under transmitted light (lactose-positive). Non-lactose fermenting colonies are colorless. Enumeration was performed according to ISO 4833 (ISO 2013).
· Staphylococcus aureus: Chapman agar, incubation at 37 °C for 24–48 h. Typical colonies displayed a yellow halo.
· Yeasts and molds: Sabouraud agar supplemented with antibiotics, incubation at 25–30 °C for 3–7 days.
· Salmonella: Four-step method: pre-enrichment in buffered peptone water (BPW), selective enrichment in Rappaport-Vassiliadis and selenite broths, isolation on Hektoen and DCLS media, and biochemical confirmation on specific media such as Kligler, citrate, mannitol motility, and urea-indole.
2.4. Expression and interpretation of results
Typical colonies were counted using a colony counter. Results were expressed as colony-forming units per milliliter (CFU/mL) and interpreted according to the microbiological criteria established by European Regulation EC 2073/2005 (CE, 2005). The number of microorganisms present in raw camel milk was expressed as CFU per gram (CFU/g), in accordance with ISO 4833 (ISO, 2013).
· When Petri dishes contained between 15 and 300 colonies, the count was calculated from the sum of colonies on two consecutive dilutions, taking into account the inoculated volume and dilution factor.
· When only one dilution was retained, the colony count was adjusted to the inoculated volume and the corresponding dilution.
· For plates with fewer than 15 colonies, the average of the observed colonies was used.
· In the absence of colonies, the result was expressed as < 1 × d⁻¹ CFU/g, where d represents the dilution factor of the stock suspension.
Interpretation of results followed the microbiological criteria set by European Regulation EC 2073/2005 (CE, 2005) applicable to milk and dairy products. The sampling plan was based on the European Commission’s guidance document. The criteria applied to dairy products were as follows:
· TMAF: satisfactory ≤ 3 × 10⁶ CFU/g; unsatisfactory ≥ 3 × 10⁷ CFU/g.
· Total and thermotolerant coliforms: satisfactory ≤ 10³ CFU/g; unsatisfactory ≥ 10⁴ CFU/g.
· Staphylococcus aureus : satisfactory ≤ 5 × 10² CFU/g; unsatisfactory ≥ 5 × 10³ CFU/g.
2.5. Data processing
Results were entered and analyzed using Microsoft Excel. Values are presented as CFU/mL.

3. RESULTS 
3.1. Survey among herders
Information was collected through both direct observation and a structured questionnaire administered to the herders. A total of 40 herders participated in the survey, including 11 women and 29 men, providing a representative overview of the production chain. The collected data were analyzed in relation to sample quality in order to identify potential contamination risks. The questionnaire focused in particular on the selling location and other parameters relevant for assessing compliance with hygiene standards.
3.2. Microbiological analyses
A total of thirty (30) camel milk samples were collected, equally distributed among three districts of N’Djamena (Chad): 7ᵗʰ (n = 10), 9ᵗʰ (n = 10), and 10ᵗʰ (n = 10). The results of the microbiological quality assessment of raw camel milk obtained for each of the three districts are presented in Tables 2, 3 and 4.












Table 2: Microorganisms enumerated in raw camel milk samples collected in the 10ᵗʰ district of N’Djamena (CFU/mL)
	Sample
	TMAC
	Coliforms
	S.aureus
	Yeasts & Molds
	Salmonella

	
	
	    TC
	  TF
	
	
	

	E1
	2.32 x104
	1.00x103
	1.00x102
	2.27x103
	1.00x103
	Absent

	E2
	9.18x104
	1.36x104
	2.27x103
	5.91x103
	1.36x103
	Absent

	E3
	6.45x104
	1.55x104
	4.55x102
	1.64x104
	4.55x102
	Absent

	E4
	2.27x104
	1.86x104
	6.36x103
	2.68x104
	4.55x102
	Absent

	E5
	2.36x104
	1.91x104
	2.27x103
	4.18x104
	1.00x102
	Absent

	E6
	3.18x104
	1.73x104
	7.27x103
	2.82x104
	7.73x103
	Absent

	E7
	4.45x104
	1.09x104
	1.00x102
	8.68x103
	2.27x103
	Absent

	E8
	5.27x104
	1.45x104
	1.00x102
	<10
	1.00x102
	Absent

	E9
	1.08x105
	2.27x103
	4.55x102
	<10
	1.36x103
	Absent

	E10
	1.27x105
	3.18x103
	1.00x102
	<10
	1.00x102
	Absent



TMAF: total mesophilic aerobic flora; TC: total coliforms; TF: thermotolerant coliforms; S. aureus: Staphylococcus aureus; E: sample. This table presents the enumeration of different microorganisms found in raw camel milk samples collected from the 10th district of N'Djamena. It shows the concentration of total mesophilic aerobic flora (TMAF), total coliforms (TC), thermotolerant coliforms (TF), Staphylococcus aureus, yeasts and molds, and the presence or absence of Salmonella, measured in colony-forming units per milliliter (CFU/mL) for each sample (E1 to E10). The data indicates microbial populations relevant to milk quality and safety, with Salmonella being absent in all samples. This table thus provides microbiological profiles essential for assessing the hygiene and safety of raw camel milk in the sampled area.

Microbiological analyses performed on the 10 samples (E1 to E10) from the 10ᵗʰ district revealed the presence of various microorganisms indicative of contamination. The mean total mesophilic aerobic flora (TMAF) ranged from 2.27 × 10⁴ CFU/mL to 1.27 × 10⁵ CFU/mL. Mean total coliform counts varied between 1 × 10³ CFU/mL and 1.91 × 10⁴ CFU/mL. Thermotolerant coliforms ranged from 1 × 10² CFU/mL to 7.27 × 10³ CFU/mL, while fungal flora (yeasts and molds) ranged from 1 × 10² to 7.73 × 10³ CFU/mL. For Staphylococcus aureus, the mean counts ranged from <10 CFU/mL to 4.18 × 10⁴ CFU/mL. Salmonella was completely absent.

Table 3: Microorganisms enumerated in raw camel milk samples collected in the 9ᵗʰ district of N’Djamena (CFU/mL)
	Sample
	TMAC
	Coliforms
	Sxaureus
	Yeasts & Molds
	Salmonella

	
	
	   TC
	   TF
	
	
	

	E1
	1.14x105
	6.27x104
	7.73x103
	9.09x102
	Absence
	Absent

	E2
	8.64x104
	3.64x104
	8.18x103
	1.82x103
	10
	Absent

	E3
	1.81x105
	6.41x104
	9.09x103
	1.82x104
	100.103
	Absent

	E4
	1.07x105
	3.36x104
	5.00x103
	9.09x102
	9.32x104
	Absent

	E5
	8.64x104
	3.23x104
	5.00x103
	4.55x102
	8.82x104
	Absent

	E6
	1.05x105
	3.68x104
	4.55x103
	4.09x103
	1.23x104
	Absent

	E7
	4.91x104
	2.00x104
	1.00x102
	4.55x102
	3.18x103
	Absent

	E8
	2.95x104
	1.00x103
	1.00x102
	2.73x103
	9.09x102
	Absent

	E9
	5.59x104
	1.00x103
	1.00x102
	4.55x102
	4.41x104
	Absent

	E10
	7.32x104
	2.73x104
	6.36x103
	1.36x103
	4.55x104
	Absent


TMAF: total mesophilic aerobic flora; TC: total coliforms; TF: thermotolerant coliforms; S. aureus: Staphylococcus aureus; E: sample. This table presents the enumeration of different microorganisms found in raw camel milk samples collected from the 9th district of N'Djamena. It shows the concentration of total mesophilic aerobic flora (TMAF), total coliforms (TC), thermotolerant coliforms (TF), Staphylococcus aureus, yeasts and molds, and the presence or absence of Salmonella, measured in colony-forming units per milliliter (CFU/mL) for each sample (E1 to E10). The data indicates microbial populations relevant to milk quality and safety, with Salmonella being absent in all samples. This table thus provides microbiological profiles essential for assessing the hygiene and safety of raw camel milk in the sampled area.

Microbiological analysis of raw camel milk collected from the 9ᵗʰ district showed that the mean total mesophilic aerobic flora (TMAF) ranged from 2.95 × 10⁴ to 1.81 × 10⁵ CFU/mL. For total coliforms, the mean counts ranged from 1 × 10³ to 6.41 × 10⁴ CFU/mL. Thermotolerant coliforms ranged from 1 × 10² to 9.09 × 10³ CFU/mL, while fungal flora (yeasts and molds) varied from 0 (complete absence) to 9.32 × 10⁴ CFU/mL. Staphylococcus aureus counts ranged from 4.55 × 10² to 1.82 × 10⁴ CFU/mL. Salmonella was completely absent.
Table 4: Microorganisms enumerated in raw camel milk samples collected in the 7ᵗʰ district of N’Djamena (CFU/mL)
	Sample
	TMAC
	Coliforms
	Sxaureus
	Yeasts & Molds
	Salmonella

	
	
	   TC
	   TF
	
	
	

	E1
	5.91x104
	1.23x104
	1.00x102
	<10
	Absent
	Absent

	E2
	4.36x104
	1.68x104
	2.27x103
	5.91x103
	Absent
	Absent

	E3
	3.95x104
	1.77x104
	1.50x104
	2.27x103
	Absent
	Absent

	E4
	4.27x104
	3.91x104
	4.09x104
	5.91x103
	Absent
	Absent

	E5
	1.10x105
	4.09x104
	9.09x103
	2.73x103
	Absent
	Absent

	E6
	5.41x104
	6.18x104
	8.18x103
	1.18x104
	10
	Absent

	E7
	6.91x104
	3.77x104
	6.82.103
	<10
	10
	Absent

	E8
	7.05x104
	5.82x104
	6.82x103
	<10
	10
	Absent

	E9
	9.55x104
	6.41x104
	8.18x103
	<10
	Absent
	Absent

	E10
	1.18x105
	4.45x104
	6.82x103
	<10
	<10
	Absent


TMAF: total mesophilic aerobic flora; TC: total coliforms; TF: thermotolerant coliforms; S. aureus: Staphylococcus aureus; E: sample. This table presents the enumeration of different microorganisms found in raw camel milk samples collected from the 7th district of N'Djamena. It shows the concentration of total mesophilic aerobic flora (TMAF), total coliforms (TC), thermotolerant coliforms (TF), Staphylococcus aureus, yeasts and molds, and the presence or absence of Salmonella, measured in colony-forming units per milliliter (CFU/mL) for each sample (E1 to E10). The data indicates microbial populations relevant to milk quality and safety, with Salmonella being absent in all samples. This table thus provides microbiological profiles essential for assessing the hygiene and safety of raw camel milk in the sampled area.
For samples collected from the 7ᵗʰ district, mean total mesophilic aerobic flora (TMAF) ranged from 3.95 × 10⁴ to 1.18 × 10⁵ CFU/mL. Mean total coliform counts ranged from 1.23 × 10⁴ to 6.41 × 10⁴ CFU/mL. Thermotolerant coliforms ranged from 1 × 10² to 4.09 × 10⁴ CFU/mL, while fungal flora (yeasts and molds) ranged from complete absence (0) to 10 CFU/mL. Staphylococcus aureus counts ranged from <10 to 1.18 × 10⁴ CFU/mL.

3.2.1. Microbiological quality based on TMAF
TMAF is an indicator of the microbiological quality of food, reflecting the exposure of the sample to contamination and, in general, the presence of conditions favorable for microbial growth. The Microbiological quality of milk based on hygiene indicator microorganisms is shown in Figure 1.

Figure 1: Microbiological quality of milk based on hygiene indicator microorganisms
This figure illustrates the distribution of samples according to the Total Mesophilic Aerobic Flora (TMAF) count. Most of the samples (70%) were classified as satisfactory, reflecting an overall good microbiological quality. About 10% were considered acceptable, while 17% were deemed unsatisfactory, indicating possible inadequate hygiene practices or contamination during processing or storage.

Enumeration of this flora is useful to indicate whether cleaning and disinfection during milking were adequately performed. The TMAF concentration does not necessarily reflect internal contamination of the milk prior to milking or the health status of the animal, as it is a general indicator of hygiene and overall sanitary conditions. Raw camel milk samples collected from the three districts of N’Djamena had levels that did not exceed the French and American recommended standards of 10⁵ and 3 × 10⁵ CFU/mL, indicating the application of good hygienic practices during milking. Overall, 70% of the samples were satisfactory, 17% unsatisfactory, and 10% acceptable.
3.2.2. Microbiological quality based on coliforms
Thermotolerant coliforms are considered indicators of fecal contamination of food products resulting from handling. The microbiological quality of milk based on coliforms is illustrated in Figure 2. 


Figure 2: Microbiological quality of milk based on coliforms
The figure shows the distribution of samples according to the counts of Total Coliforms (TC) and Fecal Coliforms (FC). None of the samples were satisfactory for TC, while 27% were satisfactory for FC. Unsatisfactory levels were observed in 83.3% of samples for TC and 73% for FC, indicating significant contamination. Only 17% (TC) and 7% (FC) of samples were within acceptable limits, suggesting inadequate hygiene conditions during production or handling.

3.2.3. Microbiological quality based on Staphylococcus aureus
Staphylococcus aureus is a contagious agent residing on the cow’s udder and can be transmitted from one cow to another (Makovec and Ruegg, 2003). This bacterium can enter milk either through direct excretion from mammary glands affected by clinical or subclinical staphylococcal mastitis, or via environmental contamination during handling and processing of raw milk by unclean hands. The microbiological quality of milk based on S. aureus is illustrated in Figure 3.


Figure 3: Microbiological quality of milk based on S. aureus 
This figure illustrates the distribution of samples according to microbiological quality with respect to Staphylococcus aureus. The majority of the samples (60%) were classified as satisfactory, indicating good hygienic quality. Approximately 23.3% were considered acceptable, while 17% were found to be unsatisfactory, suggesting potential hygiene deficiencies or contamination during handling or processing.

3.2.4. Microbiological quality of milk based on yeasts and molds (Y&M)
Staphylococcus aureus is a contagious agent residing on the cow’s udder and can be transmitted from one cow to another (Makovec and Ruegg, 2003). This bacterium can enter milk either through direct excretion from mammary glands affected by clinical or subclinical staphylococcal mastitis, or via environmental contamination during handling and processing of raw milk by unclean hands. The microbiological quality of milk based on yeasts and molds is illustrated in Figure 4.


Figure 4: Microbiological quality of milk based on yeasts and molds (Y&M)
Figure 4 shows the distribution of samples according to Yeasts and Molds (Y and M) counts. Most samples (60%) were classified as satisfactory, 23.3% were considered acceptable, and 17% were unsatisfactory, indicating the presence of fungal contamination in a proportion of the samples.

4. DISCUSSION
Total mesophilic aerobic flora (TMAF) is a key indicator of the hygienic quality of raw milk and determines its shelf life (O’Connell et al., 2017). It is the main target of microbiological analyses. Raw camel milk collected from the three districts showed TMAF levels within the standard of 10⁵ CFU/mL, suggesting overall good quality. High TMAF concentrations generally reflect inadequate hygiene practices during milking and make the milk less acceptable to the food industry due to risks of spoilage or technological issues (Montel et al., 2003). These results are consistent with reports in the international literature for mixed raw milk in France (Michel et al., 2001), Denmark (Katholm and Bennedsgaard, 2011), and the United States (Hogan et al., 1988), where strict hygiene conditions limit contamination. Milk from healthy animals collected under good conditions contains few microorganisms, temporarily protected by natural inhibitory substances (Guiraud and Rosec, 2004).
In some regions, such as Freha in Algeria, studies have reported very high TMAF levels (10⁵–10⁷ CFU/mL), which can compromise processing and food safety (Ameur et al., 2012). Our values fall at the lower end of this range but remain higher than those observed in western Algeria (8.3 × 10⁴ CFU/mL), where milk is collected in tanks, limiting cumulative contamination (Aggad et al., 2009). Thus, the results of this study reflect raw camel milk of generally good quality, not inoculated with starter cultures, representing the actual flora at the time of collection.
Coliform flora, composed of lactose-fermenting Enterobacteriaceae, is an indicator of microbial contamination in raw milk. It is sensitive to heat and pH below 4.5 (Le Minor and Richard, 1993). The presence of fecal coliforms in raw milk indicates fecal contamination from teats, udder, milking equipment, or cleaning water and allows indirect assessment of the risk associated with pathogenic microorganisms (Hamiroune et al., 2014). In this study, total coliform counts ranged from 2.27 × 10³ to 6.41 × 10⁴ CFU/mL, exceeding the 10² CFU/mL standard for raw milk (ISO 2015). Fecal coliforms ranged from 4.55 × 10² to 4.09 × 10⁴ CFU/mL, above the Algerian limit of 10³ CFU/mL, with the highest values observed in the 7ᵗʰ district. These counts reflect both environmental contamination (equipment, bedding, transport) and potentially fecal contamination (teats, udder, cleaning water), without necessarily indicating the direct presence of pathogens (Magnusson et al., 2007). The results are lower than those reported by Ounine et al. (2004) in Morocco (1.07 × 10⁷ CFU/mL) but higher than those observed in Tiaret, Algeria (1.7 × 10³ CFU/mL) by Ghazi and Niar (2011), and comparable to some Moroccan cooperatives (Afif et al., 2008). Thus, the presence of total and fecal coliforms in the studied raw milk indicates a moderate to high level of contamination and underscores the importance of good hygiene practices during milking and collection.
Staphylococci are widespread in nature, some pathogenic and others saprophytic. The standard for Staphylococcus aureus in raw milk requires complete absence. In this study, S. aureus concentrations ranged from 4.55 × 10² to 1.18 × 10⁴ CFU/mL across the three districts. These results are similar to those reported by Aggad et al. (2009) in western Algeria (3.5 × 10³ CFU/mL) and by Affif et al. (2008) in Tadla, Morocco (0.8 × 10³ CFU/mL), but lower than values observed by Bouzaid et al. (2012) in Morocco (4.4 × 10⁷ CFU/mL). They are slightly higher than data reported by Fook et al. (2004), who found an average of 1.2 × 10³ CFU/mL. Raw milk provides a favorable environment for microbial proliferation, especially in the absence of refrigeration, explaining the observed S. aureus contamination (Mubarack et al., 2010).
Yeasts and molds (Y&M) are responsible for mastitis and diseases of the digestive, locomotor, nervous, reproductive, and respiratory systems. The main sources of Y&M contamination are bedding and feed (Vissers et al., 2006). Milk contamination by spores primarily results from the transfer of solid matter, dust containing manure, and soil (Vissers et al., 2006). While raw milk and its products can be contaminated with yeasts and molds, the growth of these organisms is often lower or more constrained compared to other environments, particularly where milk has been pasteurized, stored at low temperatures, or inhabited by bioprotective lactic acid bacteria. (Shi & Knøchel 2021). In this study, yeast and mold counts ranged from 4.55 × 10² to 9.32 × 10⁴ CFU/mL in samples from all three districts.
Microbiological enumeration also showed complete absence of Salmonella, consistent with Algerian regulations. This result aligns with findings from Morocco (Affif et al., 2008). Generally, isolating Salmonella in raw milk is challenging (Affif et al., 2008). The main source of raw milk contamination is fecal excretion of Salmonella, bacterial dissemination in the environment, followed by contamination of udder skin and milking equipment, and finally passage into the milk (Guy, 2006). Lactating camels are highly susceptible to salmonellosis, mainly caused by ubiquitous serovars, resulting in profuse diarrhea, anorexia, and significant milk yield reduction (Brisabois et al., 1997). In general, these microorganisms may also originate from water used during milking, either to wash collection containers or to dilute milk to increase income.
High contamination of raw milk samples from cows or camels by various microorganisms reflects hygienic deficiencies: either during milking, which could be the case for packaged dairy products, or during exposure of the product to environmental conditions and the milker’s hands. Possible contamination sources include the environment, personnel, raw materials, equipment, techniques, or production processes, as producers often manufacture their products under questionable hygienic conditions.
5. CONCLUSION
This study highlighted that raw camel milk consumed in the city of N’Djamena generally exhibits acceptable microbiological quality, with 70% of the samples complying with current standards. However, the presence of total coliforms, thermotolerant coliforms, and Staphylococcus aureus in some samples indicates a potential risk of contamination due to inadequate hygiene practices during milking, transport, and marketing. The absence of Salmonella in the analyzed samples is a positive finding, but it should not reduce vigilance regarding recommended sanitary practices.
It is therefore essential to strengthen awareness among herders and stakeholders in the dairy chain about strict hygiene rules to ensure the safety of raw camel milk, a key nutritional resource in this Sahelian region. Implementing targeted training programs, combined with regular monitoring of microbiological quality, will help protect consumer health while enhancing the value of this product, which has significant nutritional and economic potential.
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S. aureus

Percentage	
Satisfactory	Unsatisfactory	Acceptable	60	17	23.3	
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TMAF

Percentage	
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Coliforms

TC	
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Satisfactory	Unsatisfactory	Acceptable	27	73	7	
Percentage
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