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Evaluation of the microbiological quality of sheep meat sold in N'Djamena (Chad)


Abstract 
In Chad, a pastoral country in the Sahel where sheep farming thrives, it is a major socioeconomic and cultural pillar. This prospective and analytical study assesses the microbiological quality of fresh mutton sold in six districts of N'Djamena (Chad). Thirty samples were collected aseptically, transported in coolers, and analyzed at Labo-REDES according to ISO standards and EC Regulation 2073/2005. Analysis of average microbial loads revealed high concentrations, particularly for Total Mesophilic Aerobic Flora (TMAF) (1.98 × 10⁶ CFU/g), Fecal Coliforms (1.91 × 10⁵ CFU/g), and S. aureus (2.09 × 10⁴ CFU/g). These findings led to alarming noncompliance rates, with 66.7% of samples exceeding acceptable levels for thermotolerant/fecal coliforms and 50% for S. aureus. These exceedances indicate significant fecal and human contamination, directly attributable to inadequate hygiene practices throughout the production chain. Although Salmonella was absent, elevated microbial counts present grave public health risks, such as diarrheal illnesses and foodborne epidemics. Critical interventions include upgrading slaughter facilities with hygienic layouts, automated sanitation, and effluent control ; reinforcing cold chain refrigeration to inhibit pathogen growth; and providing rigorous training in Good Manufacturing Ptratices, handwashing. HACCP systems with routine audits will secure ongoing safety, fostering consumer confidence and economic sustainability. 
.
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1. Introduction
[bookmark: _Hlk216745483][bookmark: _Hlk216742019][bookmark: _Hlk216742090][bookmark: _Hlk216742177]Red meat is an essential source of nutrition, providing complete proteins and crucial micronutrients, including heme iron, zinc, and vitamin B12 (McNeil, 2021). Its historical role in human development dates back approximately 2.5 million years (Henry, 2020), and its consumption has become widespread since the 19th century (Sabaté et al., 2022). In Chad, a pastoral country in the Sahel where sheep farming thrives, it is a major socioeconomic and cultural pillar, representing approximately 20 % of GDP and playing a central role in diet and religious practices (Baas, 2020; Diouf et al., 2020; FAO, 2021; Ardjoune, 2021). However, despite its importance, the sanitary quality of sheep meat sold in N'Djamena is a cause for concern: sales channels in urban markets, characterized by informal slaughter, the absence of a cold chain, and inadequate means of transport, expose the product to high risks of microbial contamination. In N'Djamena, the capital of Chad, rapid urbanization has intensified the pressure on informal meat markets. Sheep, the main livestock species with over 25 million head nationwide (FAO, 2022), are often slaughtered in informal, backyard-style facilities lacking sanitation, drinking water, and waste disposal systems. Ambient temperatures exceeding 35°C promote bacterial growth, as the meat is transported on open motorcycles or tricycles without refrigeration and arrives at market stalls after prolonged exposure (Kerouanton et al., 2019). Pathogens such as Escherichia coli, Salmonella spp., Staphylococcus aureus, and fecal coliforms thrive under these conditions, leading to risks of foodborne illnesses such as gastroenteritis, hemolytic uremic syndrome, and typhoid fever (EFSA, 2025). Previous studies in sub-Saharan Africa confirm these vulnerabilities. In neighboring Nigeria and Cameroon, analyses of sheep meat revealed E. coli loads exceeding 10⁶ CFU/g in 80 % of urban samples, linked to cross-contamination with animal feces, the use of uncleaned knives, and poor hygiene practices among handlers (Nguefack et al., 2020 ; Adzitey et al., 2021;). In Chad, data are limited. A 2021 survey of rural markets detected Salmonella in 15 % of samples, but assessments in urban areas remain scarce (Nikiema and al., 2021). This lack of knowledge hinders evidence-based interventions, particularly in the face of growing meat demand which is projected to increase by 4% annually due to population growth (Ghosh and al., 2024). Microbiological risks stem from multiple failures: pre-slaughter stress, which increases the shedding of enteric pathogens from the carcass; unhygienic evisceration; and post-slaughter handling without good manufacturing practices (GMP) or hazard and critical control point analysis (HACCP). High concentrations of total embryonic germs (TEG), exceedances of coliform thresholds and the presence of enterobacteria indicate fecal/human contamination, compromising Chad's livestock export potential and public health (Taylor and al., 2022). Faced with this challenge, the main objective of this study was to assess the microbiological contamination of fresh sheep meat sold in N'Djamena to quantify microbial loads, determine its safety, and propose concrete measures for controlling and ensuring its sanitary quality.

​2. Materials and Methods
2.1. Setting and Sampling
This prospective and analytical study was conducted on fresh sheep meat sold in six districts of N’Djamena, Chad (Figure 1). A total of 30 samples of fresh sheep meat (5 per district) were collected aseptically. For convenience, nonprobability sampling was used. The samples were transported rapidly to the REDES Laboratory at the University of N’Djamena and kept in a cooler with dry ice to maintain the cold chain. 
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Figure 1: Administrative map of the city of N'Djamena.
2.2. Survey
To contextualize hygiene practices and identify risk factors, a cross-sectional study was conducted with a sample of 30 butchers involved in meat marketing. This survey was based on a questionnaire structured in two main parts: the first aimed to establish the sociodemographic profile of the participants (distribution by sex, average age, and education level), while the second was designed to assess specific hygiene practices. This second part covered the evaluation of education level, the state of the work environment and the personal hygiene of the meat handlers, the quality of the equipment used, and the methods of transporting the meat, all supplemented by direct observation of critical stages in the production chain.

2.3. Identification and enumeration of microorganisms
The analysis started with sample preparation and serial dilutions following standard microbiological methods. A 25 g portion of the sample was homogenized in a Stomacher bag with 225 mL of sterile buffered peptone water (BPW) to achieve the initial 1:10 stock suspension. Subsequent serial dilutions were prepared from this stock. Enumeration of target microorganisms was performed by surface plating (0.1 mL) on specific selective media. Total Mesophilic Aerobic Flora (TMAF) was enumerated on PCA agar (30±1 °C/24-48 h), S. aureus on Chapman agar (37±1 °C/24-48 h), thermotolerant coliforms on EMB agar (44±1 °C/24 h), and yeasts and molds on Sabouraud chloramphenicol agar (25±1 °C/5 days). The detection of thermotolerant coliforms required an isolation and confirmation step by subculturing on selective broth and incubating at 37±1∘C for 24 h. Finally, the detection of Salmonella spp. The analysis was conducted in accordance with ISO 6579:2002, including pre-enrichment, selective enrichment in Rappaport Vassiliadis Soya (RVS) broth (42±1 °C/18–24 h), and isolation on selective media. The quantitative results were reported as Colony Forming Units per gram (CFU/g) of the sample. The final interpretation of the results was guided by the assessment criteria established in Regulation (EC) No 2073/2005 on microbiological criteria for foodstuffs.


3. Results
3.1. Socio-demographic surveys
Results revealed that most respondents (87 %) were male, compared to 13 % female (Figure 2). The predominant age group was 31-40 years old, comprising 56.66 % of vendors, followed by 20-30 years old (36.66 %) (Table 1). Regarding education level, more than half of the vendors (56.66 %) had only basic education, including Quranic studies, and a significant proportion (16.66 %) had no formal schooling at all. Only 10 % had completed primary school, 13.33 % had completed secondary school, and 3.33 % had completed higher education (Figure 3). This sociodemographic information is crucial for determining the risk of contamination by correlating it with observed hygiene practices.









Figure 2: Gender distribution of respondents.

Table 1: Distribution of the age group of the surveyed populations.
	 Age (years)
	Number 
	Percentage (%)

	20 - 30 
	11
	36.66

	31 - 40
	17
	56.66

	41 - 50 
	02
	6.66

	Total
	30
	100





Figure 3: Distribution of educational levels of the surveyed population
3.2. Microbiological parameters of beef
The microbiological analysis results, presented in Table 2, revealed significant variation in sample quality, with mean counts suggesting potential hygiene issues in several categories. The overall mean counts were highest for Total Mesophilic Aerobic Flora (TMAF) at 1.98×106 CFU/g (deemed acceptable) but showed high levels of contamination for other indicators: Total Coliforms (TC) at 1.79×104 CFU/g, Fecal Coliforms (FC) at 1.91×105 CFU/g, and Staphylococcus aureus at 2.09×104 CFU/g, all of which were assessed as unsatisfactory against relevant criteria. Conversely, Yeasts and Molds were low at 1.50×102 CFU/g (satisfactory), and Salmonella spp. was confirmed absent in all samples. The overall quality assessment further highlighted these failures, showing high rates of unsatisfactory samples for Thermotolerant Coliforms (83.3%), Coliforms (66.7%), and S. aureus (50%), while only 33.3% of samples were acceptable for TMAF, indicating widespread contamination among the tested units.


[bookmark: _GoBack]Table 2: Average loads of the microorganisms counted
	 
	TMAF (average, CFU/g)
	Th. C
	FC
	S. aureus
	yeasts and molds
	Salmonella

	1st
	3.65×10⁶
	4.27×10⁵
	4.90×10⁵
	2.99×10⁵
	10
	Absence ​

	3rd
	2.45×10⁵
	4.94×10⁴
	4.48×10⁴
	4.55×10⁴
	10
	Absence ​

	4th
	7.15×10⁶
	4.86×10⁵
	2.71×10⁵
	5.43×10⁵
	9.1×10²
	Absence

	8th
	5.13×10⁵
	1.29×10⁵
	1.32×10⁵
	2.04×10⁴
	10
	Absence ​

	9th
	5.41×10⁵
	1.68×10⁵
	8.93×10⁴
	1.74×10⁵
	10
	Absence ​

	10th
	5.51×10⁵
	2.38×10⁵
	6.04×10⁴
	1.68×10⁴
	10
	Absence ​



4. Discussion
[bookmark: _Hlk216747753]The high levels of total coliforms, thermotolerant coliforms, and Staphylococcus aureus observed in sheep meat sold in N'Djamena indicate significant fecal and human contamination (Yadav and al., 2006). These microorganisms are classic indicators of fecal contamination linked to impure water used during slaughtering operations, as well as to substandard slaughtering conditions where carcasses come into contact with contaminated surfaces or equipment. The significant presence of S. aureus also signals contamination related to human handling, particularly handling without gloves or failure to comply with hygiene rules during sale and transport. These findings are consistent with several studies conducted in Africa, particularly in Ghana and Burkina Faso (Johansen et al., 2019; Diéni et al., 2019) and Morocco (Mokhtar et al., 2021), which also reported high levels of coliforms and S. aureus in sheep and beef sold in traditional markets, attributable to inadequate hygiene practices. The total aerobic mesophilic flora (TAMF), which serves as an overall indicator of hygiene quality, showed a generally acceptable load in this study. This suggests average hygiene, likely aided by N'Djamena's dry climate, which limits the proliferation of molds and yeasts, which are traditionally more abundant in more humid conditions. The controlled presence of yeasts and molds, also observed here, is consistent with this type of climatic environment. However, this natural limitation of molds does not compensate for the risks associated with fecal or human bacterial contamination. The absence of Salmonella spp. in all the samples analyzed is an encouraging result, as these pathogenic bacteria can cause serious foodborne illnesses (Nikiema, 2022). Their absence suggests that, despite deficiencies observed elsewhere, certain production or handling steps limit the proliferation of these specific pathogens. However, the absence of these bacteria is insufficient to guarantee the safety of sheep meat (Boye, 2016). The results of this study contradict those of the Australian study conducted by Philips et al. in 2011, which found salmonella in samples of mutton. Indeed, inadequate storage, particularly the lack of a sustained cold chain, contributes to the proliferation of other pathogenic or spoilage microorganisms. This observation underscores the importance of continuous refrigeration of meat from slaughter to sale, which is often lacking in the urban markets of N'Djamena (Mayoré, 2019). Furthermore, the insufficient training of stakeholders in food hygiene exacerbates the situation, necessitating awareness campaigns and rigorous training (Sawadogo et al., 2023). This study highlighted the urgent need to improve hygiene conditions throughout the sheep meat production and marketing chain in N’Djamena. Priority actions include modernizing slaughterhouse infrastructure, establishing a dynamic cold chain, and mandatory training for all personnel involved, in accordance with international food safety recommendations (FAO, 2021 ; Mokhtar et al., 2021). These measures are essential to limit the risk of foodborne illnesses and ensure safe products for the Chadian ppopulation.The modernization of slaughterhouses involves the construction of sanitary facilities with concrete floors, automated washing systems, a drinking water supply, and a wastewater treatment system to prevent cross-contamination from fecal matter (Nikiema, 2022) . A dynamic cold chain, starting at 4°C after slaughter using solar refrigeration units adapted to the heat of the Sahel, would limit the proliferation of E. coli and S. aureus during transport by motorcycle to markets (Mayoré, 2019). Training programs, delivered quarterly by veterinary services, should cover good manufacturing practices, HACCP principles, hand hygiene, and the use of personal protective equipment, targeting illiterate butchers with visual aids and demonstrations.Enforcement of the regulations, via the Chadian standard NF V08-051, aligned with Regulation (EC) No. 2073/2005, requires regular microbiological audits and penalties for non-compliance. Public awareness campaigns on the safe handling of meat will complement these efforts. Economically, safer sheep meat improves farmers' incomes and export potential to neighboring countries. In the long term, the integration of One Health surveillance for or antibiotic-resistant strains will ensure the sustainability of these gains, protecting vulnerable groups such as children from outbreaks of gastroenteritis.



5. Conclusion
This study revealed an overall unsatisfactory microbiological quality of fresh mutton sold in the six districts of N’Djamena. The measured microbial loads, particularly for coliforms and Staphylococcus aureus, were found to be noncompliant with the criteria established by Regulation (EC) No. 2073/2005. This contamination, primarily of fecal and human origin, results from a combination of deficient practices identified through sociodemographic and observational surveys. These factors include informal slaughter, the absence of a dynamic cold chain, and poor hygiene among meat handlers. The profile of the butchers highlighted a critical lack of knowledge regarding hygiene standards. These results underscore the urgent need for targeted interventions to secure the sheep meat sector. Modernizing informal slaughterhouses into sanitary facilities equipped with automated washing systems, effluent management, and access to potable water is imperative. Establishing a reliable cold chain, from slaughter to points of sale, using solar-powered refrigerators adapted to the Sahelian climate, would limit bacterial growth. Mandatory training in good hygiene practices, risk analysis, critical control points, and the use of personal protective equipment must be provided to all stakeholders in the sector. From a regulatory standpoint, adopting Chadian microbiological thresholds aligned with Codex Alimentarius standards, combined with random inspections and deterrent penalties, would strengthen compliance. These measures would help reduce the health risks associated with gastroenteritis and staphylococcal food poisoning, which particularly affect vulnerable populations in N'Djamena. Economically, healthy meat would boost Chadian sheep exports and strengthen the contribution of pastoral livestock farming. Finally, this study paves the way for future research on mycotoxins and antibiotic-resistant strains, integrating an One Health approach for sustainable food systems in Chad.
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