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ABSTRACT

	Aims: To contribute to knowledge of the health quality of food sold near schools in N'Djamena, Chad, in order to ensure that students have healthy food.
Study design:  Cross-sectional descriptive study based on analyses of collected samples and interpretations of the results.
Place and Duration of Study: The study was carried out from January 2023 to December 2024 in five (5) districts of the city of N'Djamena in Chad.
Methodology: Microbiological analyses were carried out on samples through standard methods in microbiology. A total of 79 samples were taken, divided between Sandwiches (37), Danwakhé (25) and Alelés (17). The germs counted were total mesophilic aerobic flora (FAMT), total coliforms, yeasts and molds, Staphylococcus and Escherichia coli
Results: The results revealed that for sandwiches, 81.2% and 88.9% to 100% of the samples analyzed were non-compliant with respect to total aerobic mesophilic flora and total coliforms respectively. For E. coli, 68.8% of the standard sandwich samples were non-compliant and 100% of the peanut sauce and eggplant sandwich samples were highly loaded with staphylococci as well as yeasts and molds. Analysis of the Danwakhé samples showed non-compliant results for all germs with high percentages particularly for coliforms (86%) followed by staphylococci (76%). In the Alelés, these are also the germs that are regularly found in samples with non-compliance rates of 62.5% and 75% respectively for staphylococci and yeasts and molds.
Conclusion: The presence of these germs in non-compliant proportions in Sandwiches, Danwakhé and Alelés sold in schools constitutes a significant health hazard that deserves awareness among stakeholders in order to offer young students healthy foods to guarantee their health.
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1. INTRODUCTION

School food sales, like street food, provide a source of income for many households in Africa, especially in developing countries (Gnele et al., 2022). In Chad and particularly in N'Djamena, foods such as Sandwiches (with several fillings), Danwakhé (small balls of millet or wheat flour dough), Alelés (processed beans) and many others (dried and unripe green mangoes, juice, dried fruits, boiled potatoes or in the form of fries and doughnuts) are sold like street foods around schools in other countries (Vido et al., 2018; Naibe Maimangyang, 2019). The sale of these foods around schools represents a source of income for many households (Gnele et al., 2022). The majority of actors operating in this sector are women who use it as a means to cover their children's school fees (Yaou et al., 2024). Food sold in public places such as schools allows students to eat on site and increase their academic performance (Critch, 2020). Most vendors have not received any training in good hygiene and manufacturing practices. Food is therefore exposed to the open air or under trees on unsuitable supports (Naibe Maimangyang, 2019). These forms of sale expose food to contamination by various germs impacting health quality and to food poisoning among children who find it an alternative to easily feed themselves depending on their income (Baba-Moussa et al., 2006). In schools, these poisonings are mainly caused by Salmonella spp., Staphylococcus aureus and Clostridium perfringens (Randriamalala et al., 2019). Cases of E. coli, Campylobacter and Shigella infections have also been reported (Lezzar et al., 2019). Studies conducted in Burkina Faso, Ghana and Nigeria have clearly revealed that street food is sold in inappropriate environments which represent real vectors of contamination (Mayoré et al., 2023). In Chad, very little data exists on the microbiological quality of food sold in schools. Research activities have provided data on street foods (cereal, processed meat and fish sectors) in the cities of N'Djamena and Abéché without specifically studying their microbiological quality in these schools (Tidjani et al., 2016; Gamane et al., 2017; Logténé et al., 2020; Mahamat et al., 2025). The objective of our study was to contribute to improving the health quality of the most consumed foods in schools in the city of N'Djamena. 	Comment by Noble Nwala: Correct citing

2. material and methods

2.1 Location of the study and Sampling 

2.1.1 Location and period of study  

The descriptive study was conducted in schools in five (5) districts of the city of N'Djamena. This included both public and private schools. During the surveys, samples of food sold near the schools were collected from identified vendors. Figure 1 shows the study location in the districts of the city of N'Djamena.
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Fig. 1. Study location map

2.1.2 Sampling

A total of seventy-nine (79) samples were collected, divided between sandwiches (37), Danwakhé (25), and Alelés (17). These samples were collected from several vendors in the various selected schools and packaged in sterile bags for microbiological analysis. Table I summarizes the different types of sandwiches, Danwakhé, and Alelés along with their descriptions. 

Table 1.	Description of samples

	Foods
	Types
	Descriptions

	Sandwiches
	Standard
	Bread with an omelet filling

	
	Kanda
	Bread with a fish filling

	
	Eggplant sauce
	Bread spread with eggplant broth

	
	Peanut sauce
	Bread spread with peanut paste preparation

	
	Meat
	Bread with a minced meat filling

	Danwakhé
	Small boiled balls of millet or wheat flour dough

	Alelés
	Processed beans




2.2 Microbiological Analysis 

Microbiological analysis was performed at the Food Quality Control Center (CECOQDA) in Chad and at the Food Science and Nutrition Research Laboratory (LaRSAN) at the University of N'Djamena. Sample preparation, stock suspensions, and decimal dilutions were carried out in accordance with ISO 11133 (2014). 	Comment by Noble Nwala: How was the collected sample incorropated into the prepared media?

2.2.1 Detection and Enumeration of Germs

2.2.1.1 Total Mesophilic Aerobic Flora

The total mesophilic aerobic flora (FAMT) was enumerated according to ISO 4833-1 (2013). It consisted of double-layer inoculation onto Plat Count Agar (PCA) medium and incubation at 30°C for 48 hours.  

2.2.1.2 Total Coliforms 

Total coliforms (TC) were counted according to ISO 4832-2 (2006) on Eosin Methylene Blue (EMB) agar. A 0.1 ml inoculum was inoculated onto the plates, then the plates were incubated at 37°C for 24 hours. Colonies were characterized by their purple and reddish color with a halo.
[bookmark: _GoBack]
2.2.1.3 Escherichia coli  

Escherichia coli (E. coli) was counted according to ISO 16649-2 (2001). The dilution was inoculated onto TBX medium, and the Petri dishes were incubated at 44°C for 24 hours. The greenish-blue colonies were counted.

[bookmark: _Hlk208672914]2.2.1.3 Staphylococcus  

Staphylococcus were enumerated according to ISO 16888-1(99) 2(2018) on Chapman medium, after inoculation and incubation at 37°C for 24 hours. Golden yellow colonies with a slight halo were retained.

2.2.1.4 Yeasts and Molds

Yeasts and molds were counted on Sabouraud chloramphenicol agar according to ISO 7954-1988. Plates were incubated at 30°C for 3 to 5 days after inoculation. Milky-colored colonies (tending toward white) and varying in shape for yeasts and filamentous molds of various colors were retained.

2.1.1 Data Processing

Data entry was performed using Microsoft Office (Excel 2016) to create tables and figures. Image visibility was improved using Paint version 5.1.9.

[bookmark: _Hlk208672734] 
3. results and discussion

3.1 Results

[bookmark: _Hlk208678259]3.1.1 Microbiological Characteristics of Sandwiches

3.1.1.1 Microbial Loads 

Table 2 presents the values of minimum and maximum microbial loads of the germs counted. The total mesophilic aerobic flora showed a maximum load of 1.6x107 CFU/g in the standard sandwich and 1.5x103 CFU/g as the minimum value in the same food with meat filling. For total coliforms, the loads varied from less than 10 CFU/g to more than 1.5x105 CFU/g recorded in the meat and standard sandwiches respectively. Escherichia coli was counted with minimum microbial loads less than 10 CFU/g in all sandwiches. On the other hand, maximum values (>1.5x105 CFU/g) were observed in standard and peanut sauce sandwiches. The maximum Staphylococcus loads were recorded in standard and Kanda sandwiches, with values above 1.5 x 105 CFU/g. For yeasts and molds, values above 1.5x105 CFU/g were also revealed in standard and peanut sauce sandwiches.

Table 2.	Microbiological characteristics of sandwiches

	[bookmark: _Hlk206762749]
Food/Standards
	[bookmark: _Hlk207725604]Germs (CFU/g)

	
	FAMT
	Total Coliforms
	E. coli
	Staphylococcus
	L&M

	
	Min
	Max
	Min
	Max
	Min
	Max
	Min
	Max
	Min
	Max

	Standard
	1.5x103
	1.6x107
	<10
	>1.5x105
	<10
	>1.5x105
	10
	>1.5x105
	10
	[bookmark: _Hlk207370201]>1.5x105

	Kanda
	2.2x104
	4.6x104
	2.7x102
	3.4x102
	<10
	<10
	8x103
	>1.5x105
	<10
	4x103

	Eggplant sauce
	5.8x103
	6x103
	4.5x103
	4.5x103
	<10
	<10
	<10
	4x103
	1.5x101
	2.5x10³

	Meat
	1.5x103
	2x103
	<10
	<10
	<10
	<10
	1.2x103
	2.8x10³
	2x101
	1.9x10³

	Peanut sauce
	2.5x 105
	2.5x105
	9.6x103
	>1.5x105
	<10
	>1.5xx105
	2x10³
	9.8x10⁴
	8x103
	>1.5x105

	Standards (FCD, 2022)
	<105
	<10
	<102
	<102
	<103


 Legend: FAMT: Total mesophilic aerobic flora; L&M: Yeasts and molds; Min: Minimum; Max: Maximum

3.1.1.2 Sandwich Compliance Analysis 

The results of the total mesophilic aerobic flora count showed total satisfaction rates (100%) only for sandwiches with eggplant sauce and meat fillings. Compliance was questioned in the Standard, Kanda, and peanut sauce sandwich samples (88.90% to 100% of samples were unsatisfactory). Figure 2 illustrates the compliance rates by sandwich type.
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Fig. 2. Compliance of sandwiches types with Total mesophilic aerobic flora

Figure 3 shows that the highest dissatisfaction rates are observed in sandwiches with peanut sauce filling (50%), standard (81.20%) and with eggplant sauce (100%) regarding total coliforms. As for the Kanda and meat types, satisfaction was 100% for these same germs counted.
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Fig. 3. Compliance of sandwich types with respect to total coliforms

For Escherichia coli, the standard and peanut sauce sandwiches showed unsatisfactory results with respective frequencies of 68.80% and 50% of the samples. Satisfaction was 100% for the Kanda, eggplant sauce and meat types (Figure 4).
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Fig. 4. Compliance of sandwich types with respect to Escherichia Coli

Figure 5 shows dissatisfaction rates ranging from 50 to 100% for meat, standard, eggplant, and peanut sauce sandwiches. Only the meat sandwich showed a 100% compliance rate among the samples collected.
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Fig. 5. Compliance of sandwich types with respect to Staphylococcus

The most notable dissatisfaction rates regarding the microbial load of yeasts and molds are observed with standard type sandwiches, with eggplant and peanut sauce filling with respective values of 85.70%, 100% and 100% (Figure 6).
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Fig. 6. Compliance of sandwich types with respect to Yeast and Molds

3.1.2 Microbiological Characteristics of Danwakhé and Alelés

3.1.2.1 Microbial Loads 

The highest microbial loads of total mesophilic aerobic flora (FAMT) and total coliforms in Danwakhé and Alelés have the same values, which are 3x106 CFU/g and 1.5x106 CFU/g, respectively. Escherichia coli in Alelés has a higher value of 1.5x103 CFU/g and higher than 1.5x103 CFU/g in Danwakhé. For Staphylococcus, maximum loads of 1.5x104 CFU/g and 1.3x104 CFU/g were noted in Danwakhé and Alelés, respectively. As for yeasts and molds, the maximum microbial loads were 1.5x104 CFU/g in Danwakhé and 1.5x105 CFU/g in Alelés (Table 3).

Table 3.	Microbiological characteristics of Danwakhé and Alelés

	
Foods/Standards
	Germs (CFU/g)

	
	FAMT
	Total coliforms
	E. coli
	Staphylococcus
	L&M

	
	Min
	Max
	Min
	Max
	Min
	Max
	Min
	Max
	Min
	Max

	Danwaké
	5. 101
	[bookmark: _Hlk207802428][bookmark: _Hlk207799270]3.106
	10
	1,5.105
	10
	>1,5.104
	10
	1,5.104
	100
	1,5.104

	Alelés
	1,5.103
	3.106
	10
	1,5.105
	10
	1,5.105
	10
	1,3.104
	10
	1,5.105

	Standards (FCD,2022)
	<105
	<10
	<102
	<102
	<103


Legend: FAMT: Total mesophilic aerobic flora; L&M: Yeasts and molds; Min: Minimum; Max: Maximum; E. coli: Escherichia coil

3.1.2.2 Danwakhé and Alelés Compliance Analysis 

Total coliforms, Staphylococcus, and Escherichia coli were the microorganisms that characterized the non-compliance of the Danwakhé samples, with respective dissatisfaction rates of 86%, 81%, and 76%. Considering all the organisms counted, the dissatisfaction rates were greater than 50% (Figure 7).
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Fig. 7. Compliance of Danwakhé for all germs counted
Legend: FAMT: Total mesophilic aerobic flora

Figure 8 reveals satisfaction rates (compliance) evaluated at 84.60%, 75% and 55.60% concerning respectively the enumeration of Total mesophilic aerobic flora (FAMT), yeasts and molds of Escherichia coli. For total coliforms and Staphylococcus, the level of dissatisfaction was more remarkable with respective frequencies of 62.50% and 75%.
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Fig. 8. Compliance of Alelés for all germs counted
Legend: FAMT: Total mesophilic aerobic flora

3.2 Discussion

3.2.1 Unsanitary Conditions and Quality Defects  	Comment by Noble Nwala: Remove underline


The results of microbiological analyses revealed non-compliant sandwich, Danwakhé and Alelés samples, with frequencies approaching 100% for some samples regarding the total mesophilic aerobic flora (FAMT) count. Micha et al. (2018) linked the uncontrolled presence of global flora to inadequate handling during processing and the lack of cleaning and disinfection of production equipment. Yeasts and molds were also found in irregular concentrations in these same foods. These results can be explained by the fact that the majority of sellers are women who have not received any training on production and sales hygiene rules (Dossou et al., 2018; Yaou et al., 2024). Added to this is the unsanitary conditions of the equipment and sales areas which can carry all sorts of germs into street food in general (Baba-Moussa et al., 2006; Vido et al., 2018). These foods are produced in households, sometimes crossing streets with inconvenient means of transport to schools for marketing. Microbial contamination can also occur and affect the safety of food (sandwich, Danwakhé and Alelés) through several factors such as prolonged exposure to air, bare soil, harmful insects and flies (Koné et al., 2020; Yaou et al., 2024). Dossou et al. (2018) highlighted the importance of sales conditions in preserving food safety. The work of Maïworé et al. (2018) also highlighted the abundance of FAMT in fermented milk, resulting from an unsanitary environment and production equipment. The non-compliant concentration of mesophilic aerobic flora in foods sold in public places measures the level of alteration of the product and affecting its marketable quality. This can cause economic losses for the sector's stakeholders. In spoiled sandwiches, Danwakhé and Alelés, other potentially pathogenic microorganisms causing food poisoning could be included among the germs described as spoilage flora (Aouadhi et al., 2024). The study also revealed differences in microbial load and compliance rates depending on the foods and sandwich fillings. This observation seems logical because each germ is specific to the nature of the food and some of its physicochemical parameters.

3.2.2 Risks of Toxi-Infection in Schools  

The data showed very high total coliforms loads in sandwiches, Danwakhé, and Alelés sold around schools, with very remarkable levels of non-compliance for some samples (100% unsatisfactory). Analyses of other foods prepared in Mali revealed a much lower non-compliance rate, at 26.66% for these same germs (Samaké et al., 2024). Also, the predominance of Escherichia coli was noted in several samples with non-compliance rates above 50%. Similar studies carried out in Ivory Coast also revealed the presence in samples of Attiéké (fermented cassava couscous) sold near roads and primary education establishments (Anoman et al., 2018). The study of Yaou et al. (2024) showed that 65% of food samples collected in school settings contained E. coli beyond limits. His work highlighted the non-compliance of Staphylococcus in 100% of samples collected in the same sales environments which is almost similar to our results on the non-compliance of Staphylococcus (100%) in sandwiches, Danwakhé and Alelés. The presence of these coliforms, Escherichia coli and Staphylococcus beyond the limits is an indicator of breaches of hygiene rules resulting in the absence of precautions in the maintenance of production equipment, packaging, storage environments and sales of the targeted foodstuffs sold near roads and public places (Guignard, 2021). The predominance of Escherichia coli is particularly perceived as an indicator of fecal contamination (Lezzar et al., 2019). This prevalence could be the cause of intestinal and gastric disorders (gastroenteritis) in young children in establishments (Abdoulaye et al., 2020). Certain pathogenicity and antibiotic resistance genes have been identified in E. coli strains isolated from community environments, posing a problem in the fight against infection by this bacterium (Guindo et al., 2022; Hounkpe, 2025). Some strains of Escherichia coli produce toxins (Shiga toxins) that cause numerous disorders, the most common of which is diarrhea (90.2%) reported by Noftall et al. (2019). Food poisoning due to Staphylococcus aureus is generally caused by the ingestion of food containing the heat-stable enterotoxins of these germs (Lezzar et al., 2019). Some molds present in food can produce mycotoxins depending on their species (case of aflatoxins produced by Aspergillus flavus) if their predominance continues in the materials used for the preparation of sandwiches, Danwakhé and Alelés sold to young schoolchildren.


4. Conclusion

Microbiological analysis revealed very high levels of contamination for all the germs counted in all the target foods in our study. This made it possible to identify the varying degrees of non-compliance for each food based on the flora tested. This study highlighted the breaches of hygiene rules for the preparation, transportation, and sale of the most popular foods sold near schools in the city of N'Djamena by stakeholders who, according to previously collected data, have not received any training in best practices. Selling food in unsafe conditions could pose a risk of foodborne illnesses that could be harmful to children. It is therefore necessary to raise awareness and organize awareness campaigns aimed at the perpetrators (sellers) to ensure food safety for students. Also, analyses for the search for other germs of the genera Salmonella, Shigella and Bacillus are possible, as well as their biochemical, molecular characterization and from the point of view of resistance to antibiotics.
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