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ABSTRACT

	Aims: To identify the health risks associated with the sale of smoked fish sold in N'Djamena and their impacts on microbiological quality.
Study design: Descriptive study based on a health risk assessment, analysis and interpretation of results
Place and Duration of Study: The study was conducted in Chad from November 2024 to January 2025 in two markets (Taradona and Al-Afra) in the Food Science and Nutrition Research Laboratory (LaRSAN) of the University of N'Djamena.
Methodology: The study was conducted through a survey, followed by sampling of the most popular smoked fish and microbiological analysis. The standard method in microbiology was used for the sample analyses. A total of thirty (30) fish samples were randomly collected, and health risk practices were observed in the markets of Taradona and Al-Afra. The results were processed using Excel and SPSS-25.
Results: The investigation revealed that the smoked fish was displayed on unsuitable wooden stands or in bags placed directly on the ground. It was sometimes displayed alongside other foodstuffs on the same stands. Microbiological analyses showed microbial loads exceeding standards in both targeted markets. The highest values were noted for total mesophilic aerobic flora (TMAF), which was 8.1± 0.04 x 106 CFU/g, total coliforms (3.25 ± 0.04 x 105 CFU/g), fecal coliforms (1.51 ± 0.05 x 104a CFU/g), Staphylococcus aureus (8.45 ± 7.1 x 104 CFU/g), and yeasts and molds (9.21 ±3.1x104 CFU/g) from samples taken from the Al-Afra market. A complete absence of Salmonella was observed in all samples. The compliance analysis revealed higher frequencies, with a satisfaction level of 80% for total mesophilic aerobic flora (TMAF) and fecal coliforms in Taradona. The presence of Staphylococcus aureus was judged unsatisfactory in 100% of cases in Taradona, compared to 93.66% in Al-Afra.
Conclusion: The microbiological quality assessment revealed overall that smoked fish from markets had microbial loads higher than the values ​​recommended by the standards. Strict adherence to hygiene standards during processing would significantly reduce contamination levels, increase shelf life, and protect consumer health.
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1. INTRODUCTION

In Chad, smoked fish is one of the foodstuffs accessible to all segments of the population and occupies an important place in the fisheries sector (Micha et al., 2018; Souleyman et al., 2021). Like all other foods, it is becoming a major food security concern for consumers and stakeholders in the sector (Bonfoh et al., 2013). This sector is a source of employment and therefore income for populations throughout the processing chain (Masirika et al., 2020; Ndoazen et al., 2024). Smoked and dried fish, due to their nutritional value, are a source of protein (60% of animal protein), minerals, and essential fatty acids, especially for the poorest social groups in developing countries (Gamane et al., 2017; Tougan & Théwis 2020; Tamgno et al., 2021; Koua et al., 2022). These fish come from fishing practices in Chad across all the country's surface waters, namely the rivers (Chari and Logone) and the lakes (Chad, Fitri, Toupouris and Iro) (Abdoullahi et al., 2018). They are smoked and dried for sale in local markets, as in other countries such as Côte d'Ivoire, Burkina Faso, Benin and Cameroon, under unsanitary conditions (Belland & Bonnassieux, 2022). Thus, fish are often displayed in informal markets and along public roads on unsuitable supports or near other products in unsanitary and unprotected environments (Tamgno et al., 2021; Namodji, 2025). These are highly perishable goods that can be damaged by various pests, as well as by agents such as viruses, bacteria, and molds (Gauthier, 2016; Tamgno et al., 2020). In addition to the potential pathogens (bacteria and viruses) that can be included among these germs, some, such as molds, are responsible for the production of mycotoxins when contamination is not controlled (Abdoullahi et al., 2018; Issakou et al., 2022). The processing and traditional sale of dried and smoked fish in markets and on the streets of Chad are carried out under precarious hygienic conditions (Abdoullahi et al., 2018). From fishing areas to exhibition and sales markets, activities are dependent on semi-informal sectors with actors who have little or no training in best practices (Ndoazen et al., 2024; Namodji, 2025). Studies on the microbiological quality of smoked fish have been conducted in Chad (Abdoullahi et al., 2018). However, data on the risks associated with sales and their impact on sanitary quality remain insufficient. It is within this context that our work was undertaken, aiming to contribute to the production of healthy fish by analyzing the impact of risky sanitary practices on the microbiological quality of smoked and dried fish. 


2. material and methods

2.1 Study Setting, Survey, and Sampling 

The study was conducted in Chad from November 2024 to January 2025 in two markets (Taradona and Al-Afra) in the city of N'Djamena. It consisted of an analytical survey on the health risks associated with the exposure and sale of smoked fish. Observations focused on the locations, supports, and environments of the sales. The exposure and sale in the vicinity of various other factors were also noted during the survey. In total, 30 sites (15 per market) were visited, resulting in the collection of 30 samples of dried and smoked fish. Samples were collected randomly without considering specific differences.

2.2 Microbiological Analyses

Microbiological analyses were performed at the Food Science and Nutrition Research Laboratory (LaRSAN) of the University of N'Djamena. Sample preparation, stock suspensions, and decimal dilutions were carried out in accordance with ISO 11133 (2014). 10 g of each sample was dissolved in 90 ml of peptone water, which was used to prepare the various dilutions. Analyses were performed in triplicate.

2.2.1 Microbial Count 

2.2.1.1 Total Mesophilic Aerobic Flora 

Total mesophilic aerobic flora (TMAF) was counted according to ISO 4833-1(2013). This consisted of inoculation onto Plate Count Agar (PCA). The plates were incubated at 30°C for 48 hours, and the colonies were counted.

2.2.1.2 Total and Fecal Coliforms 

Total (TC) and fecal (FC) coliforms were counted according to ISO 4832-2 (2006) on Violet Red Bile Lactose Agar (VRBL). The agar was poured onto Petri dishes containing 0.1 ml of stock solution, and the Petri dishes were incubated at 37°C and 44°C for 24 hours for total and fecal coliforms, respectively. Violet and reddish colonies with a halo were counted.

2.2.1.3 Staphylococcus aureus 

Staphylococcus aureus was counted according to ISO 4832-2 (2006) on Chapman (CHP) agar, and incubated 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 chloramphenicol Sabouraud agar according to ISO 7954-1987. Plates were incubated at 30°C for 3 to 5 days after inoculation. Only milky (turning white) colonies of various shapes, corresponding to filamentous yeasts and molds of different colors, were retained.

2.2.1.5 Salmonella Detection 

Salmonella detection was performed according to ISO 6579 (2004) method. Pre-enrichment was carried out by transferring 26 g of the sample to 234 ml of EPT in a sterile bag after mixing the contents for two minutes and incubating at 37 °C for 24 hours. Enrichment was performed on the (RVS and MKTTN) media according to the indexed standard. 0.1 ml of the pre-enriched solution was inoculated using the HOOT into 10 ml of selective medium (RVS) and then incubated at 41.5 °C for 24 hours (± 2 hours). 1 ml of the pre-enriched solution was inoculated into the MKTTN medium using the HOOT, also after incubation at 37 °C for 24 hours. Isolation was performed by inoculation onto HEKTOEN and XLD media. The solution was inoculated from the enriched MKTTN, then transferred to the previously prepared XLD solid medium. The enriched MKTTN medium was then inoculated onto the HEKTOEN medium. Both inoculated media were incubated at 37°C for 24 hours. Salmonella colonies characteristic of HEKTOEN selective agar appeared blue-green, while those on XLD medium appeared dark black.

2.2.2 Data Processing

Data were entered into Office Excel 2016, SPPS Version (xxx), and XLSTAT Version 2019 for statistical analysis. Means of the different variables were compared using analysis of variance (ANOVA) with Tukey's test at a significance level of p (0.05).


3. results and discussion

3.1 Results

3.1.1 Identification of Health Risks  

3.1.1.1 Risks related to the environment and the exposure medium 

Figure 1 shows the fish exposure conditions. The three images (A, B, and C) reveal a complete lack of protection for the fish, which were exposed to the open air. In some cases, the fish were exposed on a support placed on the ground in an unsanitary environment after being removed from their cardboard packaging (Figure 1A). Figure 1B shows the fish exposed on an unmaintained wooden support. Figure 1C shows the fish spread out on an open plastic bag on the ground.


[image: ]

Fig. 1(A, B, C). Smoked fish exposure environment
Legend:  A: Improper packaging; B: Display on a wooden stand; C: Open bag packaging 

3.1.1.2 Risks of Cross-Contamination 

Figure 1 shows exposure with various other products. Figure 1D shows fish with other products (fresh and dried fruit, flour, and bouillon cubes) packaged in plastic bags. In Figure 1E, broken and whole fish are seen sharing the same environment as unpackaged fruits and vegetables (onions, fresh okra, and oranges). Finally, the fish is seen amidst fresh fruit and vegetable leaves and tubers. Sometimes, even detached leaves are found on the fish (Figure 1F).
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Fig. 1(D, E, F). Display of smoked fish with other products
Legend: D: Display near other packaged products; E: Display of unpackaged fruit and vegetables; F:  Display of waterlogged plants 

3.1.2 Microbiological Characteristics and Compliance 

3.1.2.1 Microbiological Characteristics

Tables 1 and 2 present the results of microbiological analyses of smoked fish samples obtained from the Taradona and Al-Afra markets, respectively. In the Taradona market, the analyses showed that the total mesophilic aerobic flora (TMAF) count ranged from 4.03 ± 13x104 to 3.40 ± 2 x 10⁶ CFU/g. Total and fecal coliforms showed values of 6 ± 1.5 x 104 CFU/g and 5.68 ± 5.4 x 103 CFU/g, respectively. In both cases, the minimum counts were less than 10 CFU/g. Staphylococcus aureus microbial loads ranged from 1.69 ± 1.3 x 10⁴ to 7.39 ± 0.05 x 104 CFU/g. For yeasts and molds, loads ranged from less than 10 to 7.19 ± 0.04 x 104 CFU/g (Table 1). Samples from the Al-Afra market showed values ranging from 5.36 ± 0.25 x 104 to 8.1± 0.04x 106 CFU/g for the TMAF. As for coliforms, the counts ranged from 1.19 ± 0.3.5 x 10⁴ to 7.93 ± 0.63 x 10⁴ CFU/g for the totals and from -10 to 7.99 ±2.6x103 CFU/g for the subtotal. The counts of Staphylococcus aureus ranged from -10 to 8.45 ±7.1x104 CFU/g. For yeasts and molds, the data ranged from -10 to 1.55±0.62x105 CFU/g (Table 2). In both markets, the results revealed a complete absence of Salmonella in all samples collected (Tables 1 and 2).

Table 1.	Microbial count in smoked fish from the Taradona market

	[bookmark: _Hlk216616473] Samples
	Germs (UFC/g)

	
	TMAF
	CT
	CF
	S. aureus
	LM
	SS

	E1
	3.40 ± 2 x106ab
	4.18 ± 33 x 104b
	<10 
	4.28 ± 0.3x104ab
	2.14 ± 3.5x104bc
	Absence

	E2
	4.31 ± 4.8x105ab
	<10
	<10
	3.92± 0.55x104ab 
	2.91± 4.4x104abc
	Absence

	[bookmark: _Hlk214964113]E3
	2.82 ± 3.2x105ab
	<10
	<10
	3.17 ± 2.2 x104ab
	2.82±0.11x104abc
	Absence

	[bookmark: _Hlk216969064]E4
	4,33 ± 10 x105ab
	[bookmark: _Hlk216259885]6 ± 1.5 x 104b
	<10
	2.86 ± 0.4x104ab
	4.56± 1.13x104ab
	Absence

	[bookmark: _Hlk216259970]E5
	4.71 ±1.1 x104ab
	2.14 ± 2.5 x104b
	[bookmark: _Hlk216259991]5.68 ± 5.4 x 103b
	5.55 ±10x104ab
	4.87± 0.55x104ab
	Absence

	E6
	4.62 ± 4.6x105ab
	<10
	<10
	1.69 ± 1.3x104ab
	4.51 ±0.14x104ab
	Absence

	E7
	5.08 ± 1.7x105ab 
	<10
	<10
	4.19 ±1.6x104ab
	1.93 ± 2.1x104bc
	Absence

	E8
	6.45 ± 10x105a
	5.34 ± 1.5x104b 
	5.32 ± 2.7 x 103b
	2.21± 0.01x104ab
	2.97 ± 0.4x104abc
	Absence

	[bookmark: _Hlk216969492]E9
	[bookmark: _Hlk216265668]4.03 ± 13x104abc
	1.33 ± 2.3x103b
	<10
	7.32± 0.05x104ab
	<10
	Absence

	E10
	2.37 ± 4x105ab
	2 ± 4.1x104b
	<10
	2.63 ± 5x104ab
	3.30 ±1.2x 104abc
	Absence

	E11
	4.23 ± 3.3x105ab
	3.13 ± 2.8x104b
	2.84 ± 0.06x103b
	3.77 ± 1.4x104ab
	4.57± 0.44x104ab
	Absence

	E12
	4.61 ± 7.8x105ab
	1.65 ± 3.6x104b
	<10
	1.71± 0.03x104ab
	4.51 ± 3.4x104ab
	Absence

	E13
	2.42 ± 3x105ab
	<10
	<10
	[bookmark: _Hlk216263145]7.39 ± 5.7x104ab
	[bookmark: _Hlk216265269][bookmark: _Hlk216969280]7.19 ± 0.04x104a
	Absence

	E14
	2.11 ± 4.6x105ab
	4.1 ± 0.64x104b
	<10
	1.69 ± 4.3x104ab
	6.43± 0.55x104ab
	Absence

	E15
	2.17 ± 8.1x105ab
	5.92 ± 0.13x104b
	<10
	3.70 ± 2.6x104ab
	3.84 ± 4.3x104ab
	Absence

	Pr > F
	0.000
	0.000
	0.000
	0.000
	0.000
	-

	Significant
	Yes
	Yes
	Yes
	Yes
	Yes
	-

	Standards (Regulation 2073/2005/CE)

	Satisfactory
	≤3x106
	≤103
	≤ 10
	≤103
	≤ 5x102
	Absent in 25 g

	Acceptable
	≤9x106
	≤3x103
	≤ 3 x 102
	≤3x103
	≤15x102
	

	Unsatisfactory
	>3x107
	>104
	> 103
	>104
	>5x103
	


[bookmark: _Hlk216617168][bookmark: _Hlk216971678]Legend: TMAF: Total Aerobic Mesophilic Flora; CT: Total Coliforms: Fecal Coliforms; S. aureus: Staphilococcus aureus; LM: Yeast and Mold; SS: Samonella/Shigella

Table 2.	Microbial count in smoked fish from the Al-Afra market

	[bookmark: _Hlk216617092]Samples
	Germs (CFU/g)

	
	FAMT
	CT
	CF
	S. aureus
	L&M
	SS

	E1
	5.36± 0.25x104c
	<10
	<10
	2.99±2.4x103ab
	6.97±1.2x103bc
	Absence

	E2
	3.85 ± 3.7x106a
	3.57±1.6x104bc
	<10
	2.68±0.07x103ab
	9.21 ±3.1x104b
	Absence

	E3
	4,54 ±4.8x106abc
	7.24 ± 2x104bc
	<10
	4.97± 0.4x104ab
	[bookmark: _Hlk216084572]7.25±7.3x104bc
	Absence

	E4
	3.25 ±0.79x106ab
	[bookmark: _Hlk216082864]3.25±0.04x105a
	1.51±0.05x104a
	6.07±0.02x104ab
	4.55±3.2x104bcd
	Absence

	E5
	1.88±0.02x106abc
	2.28 ±0.51x104c
	<10
	7.93±0.11x104a
	6.36±0.5x104bc
	Absence

	E6
	6.70± 0.18x105bc
	[bookmark: _Hlk216265891]1.19 ± 0.35x104c
	<10
	2.23±0.09x104ab
	4.81±0.14x104bcd
	Absence

	E7
	1.87±0.08x106abc
	2.06±0.09x104c
	<10
	4.95 ± 3.1x104ab
	2.88 ±1.2x104cde
	Absence

	E8
	6.64 ±0.03x105bc
	5.78±0.07x104bc
	<10
	7.63±0.21x103ab
	8.84 ± 4.8x103de
	Absence

	E9
	[bookmark: _Hlk216969902]8.1± 0.04x 106abc
	4.23±2.9x104abc
	<10
	<10
	<10
	Absence

	E10
	1.74 ±0.27x105bc
	7.93±0.63x104abc
	[bookmark: _Hlk216970261]7.99 ±2.6x103b
	4.71 ±6.7x103ab
	4.67 ± 2.7x104bcd
	Absence

	E11
	1.72±0.59x106abc
	7.12±0.02x104bc
	<10
	1.79±0.04x103ab
	2.72±0.98x104cde
	Absence

	E12
	1.91±0.02x106abc
	5.79 ±2.1 x104bc
	<10
	7.51±0.55x104ab
	4.22 ± 10 x 103de
	Absence

	E13
	1.50 ± 8.4x106abc
	2.01± 4.6x104ab
	3.40±0.08x103c
	[bookmark: _Hlk216970333]8.45 ±7.1x104ab
	5.87 ± 8 x 104bc
	Absence

	E14
	1.29 ± 6.8x106abc
	1.87±0.03x104c
	<10
	7.28 ±1.8x 104ab
	6.63 ±0.04x104bc
	Absence

	E15
	1.08±0.95x106abc 
	2.71 ± 0.82x104c
	<10
	1.59± 0.97x104ab
	1.55±0.62x105a
	Absence

	Pr > F
	0.000
	0.000
	0.000
	0.000
	0.000
	-

	Significant
	Yes
	Yes
	Yes
	Yes
	Yes
	-

	Standards (Regulation 2073/2005/CE)

	Satisfactory
	≤3x106
	≤103
	≤10
	≤5x102
	≤5x102
	Absent in 25 g

	Acceptable
	≤9x106
	≤3x103
	≤3x102
	≤15x102
	≤15x102
	

	Unsatisfactory
	>3x107
	>104
	>103
	>5x103
	>5x103
	


[bookmark: _Hlk216617669]Legend: TMAF: Total Aerobic Mesophilic Flora; CT: Total Coliforms: Fecal Coliforms; S. aureus: Staphilococcus aureus; LM: Yeast and Mold; SS: Samonella/Shigella

3.1.2.2 Compliance of Smoked Fish

Figure 2 shows remarkable satisfaction levels of 80% (total mesophilic aerobic flora and fecal coliforms) and 100% for Salmonella. However, for total coliforms, Staphylococcus aureus, and yeasts and molds, unsatisfactory samples predominate, with respective frequencies of 60%, 100%, and 93.33%. 20% of the smoked and dried fish samples were deemed acceptable for total mesophilic aerobic flora, compared to 6.66% for total coliforms.



Fig. 2. Compliance of smoked fish at the Taradona market
[bookmark: _Hlk216617908]Legend: TMAF: Total Mesophilic Aerobic Flora; CT: Total Coliforms: Fecal Coliforms; S. aureus: Staphilococcus aureus; LM: Yeast and Mold; SS: Samonella/Shigella

The highest satisfaction rates were observed for total coliforms (73.33%), fecal coliforms (80%), and Salmonella (100%). Compared to total coliforms (TC), Staphylococcus aureus (S. aureus), and yeasts and molds (L&M), the majority of samples were unsatisfactory. The non-satisfaction rates recorded for these organisms were 93.33% for TC and L&M, and 93.66% for S. aureus. Only 26.66% of samples were deemed acceptable for total coliforms (Figure 3).



Fig 3. Compliance of smoked fish at the Al-Afra market
Legend: TMAF: Total Mesophilic Aerobic Flora; CT: Total Coliforms: Fecal Coliforms; S. aureus: Staphilococcus aureus; LM: Yeast and Mold; SS: Samonella/Shigella

3.2 Discussion

3.2.1 Health Risks and unsanitary conditions 

The packaging, display stands, and sales environment of smoked fish in the two markets (Taradona and Al-Afra) revealed practices that pose a risk of contamination by airborne microbes and insect pests. The studies of Tamgno et al. (2021) highlighted the importance of packaging and sales locations in protecting smoked fish from various insect species that are vectors of microbial germs. Depending on their origins and habitats, these insects carry various microorganisms on their bodies that can contaminate several foodstuffs, including smoked fish (Akakpo et al., 2020; Gamy et al., 2024). Furthermore, unsuitable or improper display surfaces and sales environments are veritable breeding grounds for germs (Prache et al., 2021; Fofana et al., 2025). Displaying fish on the same surfaces as other products also impacts food safety, as there is a risk of cross-contamination, which could contribute to an increase in microbial germs. Studies have proven the antimicrobial properties of essential oils from the peel of certain fruits, such as citrus fruits, and from onions. However, a specific flora capable of resisting and contaminating fish remains (Metlef et al., 2022; N’Guessan-Gnaman et al., 2023). The risk of cross-contamination is further reduced when products displayed near smoked fish are properly packaged. Furthermore, broken smoked fish is highly susceptible to contamination compared to whole fish because, after smoking, the smoked and dried skin acts as a barrier, trapping certain germs on the surface and preventing further spoilage. Exposure to fresh, damp leaves can lead to increased moisture in the smoked fish, which is typically followed by drying during the smoking process. This increased moisture raises the fish's water activity, creating a favorable environment for bacterial and fungal growth (Kouame et al., 2023).

3.2.2 Compliance and Food Safety

Microbiological analysis results revealed that the fish were primarily contaminated with total aerobic mesophilic flora (TAMF) at higher levels than other microorganisms, including total coliforms, Staphylococcus aureus, and yeasts and molds. The non-compliance observed with these microorganisms resulted from a failure to adhere to processing and exposure guidelines, as well as environmental contamination (Gamy et al., 2024). The presence of fecal coliforms indicates poor hygiene, particularly among staff. Indeed, some of these coliforms are specific to the digestive tract of humans and animals. Their presence could be linked to fecal contamination. Processing facilities and the retail environment in which this activity takes place are conducive to the proliferation of contaminating germs. Several studies have highlighted the importance of maintaining a healthy environment for food processing and retail display in general (Sené et al., 2021). The contamination of smoked fish by fungal flora is explained by the ability of yeasts and molds to grow on substrates with low water activity. Yeasts and certain bacteria are particularly potent food spoilage agents, rendering food unsafe and negatively impacting its organoleptic and nutritional characteristics (Tamgno et al., 2021). Molds in smoked fish can induce the production of mycotoxins, with their acute and chronic effects on animals and humans (growth retardation, immune suppression, and cancer), according to some authors (Edah et al., 2021). Staphylococcus aureus is a ubiquitous and widespread bacterium in nature, and humans are the primary source of contamination because they harbor it on their skin, hair, and mouth. A high microbial load in food indicates poor hygiene. This species of microorganism produces enterotoxins, the ingestion of which causes food poisoning, resulting in severe vomiting accompanied by diarrhea (Grispoldi et al., 2021; Chegini et al., 2022). The absence of Salmonella could be explained by the low water activity of the smoked fish resulting from dehydration. Furthermore, various traditional techniques such as salting, drying, and smoking are used to preserve fish and improve its availability (Belland & Bonnassieux, 2022; Kouame et al., 2023).


4. Conclusion

This study allowed us to analyze the risks associated with the exposure and sale of smoked fish, and their impact on the microbiological quality, in two markets in N'Djamena. It identified poor exposure conditions related to packaging, display stands, and the sales environment. Microbiological analyses revealed the presence of microorganisms that did not meet recommendations, calling into question the compliance of some samples. These samples revealed high microbial loads, a sign of a lack of adherence to good hygiene practices during exposure and storage. The presence of fecal contamination is an indicator of danger or risk to consumer health, leading to the recommendation to adhere to the guidelines of good hygiene practices to guarantee the quality of finished products before they are displayed to consumers in retail settings. Although the absence of Salmonella is considered satisfactory, studies need to confirm this situation, taking seasonality into account. It is therefore important to raise awareness among industry stakeholders about the need for exemplary hygiene practices. This can be achieved through training on best practices to improve the microbiological quality of smoked fish. Our study only covered two markets in the capital. It is therefore necessary to extend it to several sites and to search for other pathogens such as the genera Listeria and Clostridium.
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