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ABSTRACT 

	Aim: To evaluate the microbiological safety of traditionally processed fish products in Chad, with a focus on identifying and characterizing potential pathogenic and indicator bacteria.

Study design:  Cross-sectional descriptive study
[bookmark: _Hlk197082779]Place and Duration of Study: Conducted at the Laboratory for Research in Food Science and Nutrition (LaRSAN), University of N’Djamena in Chad, and the Laboratory of Biochemistry and Applied Immunology (LaBIA), Joseph KI-ZERBO University in Burkina Faso, between March 2024 and October 2024.
Methodology: A total of 150 samples of smoked and dried fishes were collected from various processing sites around Lake Fitri, Chad. Samples were analyzed for microbial contamination. Bacterial isolation was performed on selective media, and 25 bacterial strains were obtained. Biochemical identification of isolates was conducted using the API 20E system. Identification focused on Escherichia coli and other Enterobacteriaceae.
Results: The analysis revealed a significant diversity within the Enterobacteriaceae family, including 19 Escherichia coli strains and 6 strains distributed among Serratia spp., Enterobacter sakazakii, Enterobacter aerogenes, Stenotrophomonas maltophilia, and Raoultella ornithinolytica The presence of hygiene indicator bacteria and potential pathogens highlights a health risk for consumers. These findings indicate significant microbial contamination in smoked and dried fish, necessitating urgent improvements in processing and storage hygiene.
Conclusion: The study demonstrates that smoked and dried fish from Lake Fitri present a potential public health risk due to contamination by pathogenic microorganisms. Strengthening hygienic practices during processing and storage is essential to ensure the microbiological safety of these products and to protect consumers' health.
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1. INTRODUCTION

Fish is an essential and accessible source of animal protein for a significant portion of the global population (Koranteng et al., 2014). Over the past 50 years, the global supply of fish for human consumption has grown at a rate surpassing population growth. Between 1961 and 2013, fish production increased by an average of 3.2% per year, nearly twice the rate of global population growth, leading to a notable rise in per capita fish availability (Griliopoulos, 2014; Jackson et al., 2016). In 2014, global capture fisheries and aquaculture produced 167.2 million tonnes of fish, with 93.4% originating from capture fisheries and 76% of freshwater fish production coming from aquaculture (FAO, 2018). Estimates suggest that over 90% of global fish production is destined for human consumption (Guny et al., 2014; FAO, 2018).
Africa contributed approximately 9.7 million tonnes to global fisheries production in 2012, accounting for nearly 6% of total output (FAO, 2016). Over the past decade, the continent’s contribution has increased from 1.2% to 2.2%, driven largely by the expansion of freshwater aquaculture in sub-Saharan Africa (FAO, 2018). Despite its significant potential, aquaculture in Africa remains underexploited, with less than 5% of its capacity utilized. Smoked fish constitutes 14% of global processed fish production, a proportion higher than the world average. While domestic fish catches have declined by 0.3 million tonnes in Asia, they have increased by 0.1 million tonnes across African countries (Kolging et al., 2016).
In developing countries such as Chad, processed fish products are often overlooked by governmental regulatory bodies. Many fish-producing regions lack technical assistance and quality control measures, despite the increasing prevalence of smoked and dried fish consumption in the Sahelian zone (Kolding et al., 2016; Gamane, 2017). In Chad, dried and smoked fish are the most commonly consumed forms (Gamane et al., 2017). Traditional preservation methods such as salting, drying, and smoking play a crucial role in extending shelf life and maintaining fish availability (Koranteng et al., 2014; Singleton et al., 2017). However, these techniques, along with inadequate processing and storage conditions, can compromise the microbiological safety of the final products, posing health risks to consumers.
This study investigates microbial contamination in smoked and dried fish to improve understanding of its microbial profile. Findings from this work will provide insights into microbial hazards, supporting efforts to strengthen fish safety and protect consumer health.



2. material and methods


[bookmark: _Hlk197081486]2.1 Study Area and Sampling  

[bookmark: _Hlk198221628]The study was conducted on four islands of Lake Fitri (Doumrou, Maguiti, Birguimi, and Moudou) as well as at Yao market, where smoked and dried fishes are sold. Lake Fitri is located in the Batha region in central Chad, between 12°50'N and 17°30'E (Figure 1). Species of fishes were not taken into consideration.
Sample collection took place between March 2024 and October 2024. A total of 150 smoked and dried fish samples were randomly collected from fish processors and fishermen. The samples were collected under aseptic conditions, transported to the laboratory under refrigeration at 4°C, and stored at this temperature until further analysis.
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Fig. 1. Map of the study area

2.2 Isolation of E. coli and Other Enterobacteria

Suspected colonies (Escherichia coli and the others Enterobacteria) were subcultured on Mueller-Hinton (MH) agar (Liofilchem, Italy) and incubated at 37°C for 24 hours. After incubation, the presumptive E. coli colonies were selected and subjected to biochemical testing using API 20E and minimal biochemical tests.

[bookmark: _Hlk197087915]2.3 Characterization of Isolated Strains  

[bookmark: _Hlk197086377]Suspected colonies ((Escherichia coli and the others Enterobacteria) were subcultured on Mueller-Hinton (MH) agar (Liofilchem, Italy) and incubated at 37°C for 24 hours. After incubation, the presumptive E. coli colonies were selected and subjected to biochemical testing using API 20E and minimal biochemical tests.

[bookmark: _Hlk197086294]2.3.1 Minimal Biochemical Tests

[bookmark: _Hlk197087756]Suspected colonies were subcultured and confirmed using minimal biochemical tests. Kligler medium (BioMérieux, France) was used to assess glucose and lactose fermentation, as well as H₂S and gas production. Mannitol-motility medium was used to determine mannitol fermentation and bacterial motility, while citrate medium was used to evaluate citrate utilization. Urease-indole reagent was applied to detect urease activity and indole production (Colin, 2002).

2.3.2 API 20E Identification 

The  Analytical Profile Index 20 Enterobacteriaceae (API 20E) system (BioMérieux, France) was used to assess various enzymatic activities, including β-galactosidase (ONPG), arginine dihydrolase (ADH), lysine decarboxylase (LDC), ornithine decarboxylase (ODC), Simmons citrate utilization (Cit), hydrogen sulfide (H₂S) production, urease activity, tryptophan deaminase (TDA), indole production, acetoin production (VP test), gelatin hydrolysis (GEL), cytochrome oxidase activity, nitrite formation (Nit), and catalase activity. The system also evaluated carbohydrate fermentation, including glucose (GLU), mannitol (MAN), inositol (INO), sorbitol (SOR), rhamnose (RHA), sucrose (SAC), melibiose (MEL), amygdalin (AMY), arabinose (ARA), and lactose (L).
The API 20E system consists of 20 microtubes containing dehydrated substrates and colorimetric indicators. The tests were inoculated with a bacterial suspension adjusted to 0.5 McFarland, allowing the media to be reconstituted, and incubated at 37°C for 18 to 24 hours. The results were interpreted based on spontaneous color changes or revealed by the addition of reagents such as VP1, VP2, Nit1, and Nit2. Following reagent addition, the strain’s numerical profile was generated and compared against the API 20E analytical database (BioMérieux, ref. 20190) for species identification.
  
2.4 Data Processing

Data were analyzed using Microsoft Excel 2013, and figures were processed with Paint.net version 4.0.6.

3. results and discussion

[bookmark: _Hlk197099523][bookmark: _Hlk197090086]3.1 Results  

3.1.1 Characteristics of the Isolated Strains 

Among the 25 strains isolated, 19 were confirmed as Escherichia coli and 6 were classified as other members of the Enterobacteriaceae family. The detailed results of the characterization of the isolated bacteria are summarized below.

[bookmark: _Toc24357490]Table 1. Biochemical characteristics of the isolated bacteria
	Strain codes  
	Identification by
Minimal gallery  
	Identification by
API 20E gallery

	001
	E. coli
	E. coli

	002
	E. coli
	E. coli

	003
	E. coli
	E. coli

	004
	E. coli
	E. coli

	005
	E. coli
	E. coli

	006
	E. coli
	E. coli

	007
	E. coli
	E. coli

	008
	E. coli
	E. coli

	009
	E. coli
	E. coli

	010
	E. coli
	E. coli

	011
	E. coli
	E. coli

	012
	E. coli
	E. coli

	013
	E. coli
	E. coli

	014
	E. coli
	E. coli

	015
	E. coli
	E. coli

	016
	E. coli
	E. coli

	017
	E. coli
	E. coli

	018
	E. coli
	E. coli

	019
	Enterobacter aerogenes
	--

	020
	Serratia spp
	Serratia ficaria

	021
	E. coli
	E. coli

	022
	Raoultella omniphinolytica
	Raoultella omniphinolytica

	023
	Enterobacter sakazakii
	Enterobacter sakazakii

	024
	Serratia spp
	Serratia rubidcaea

	025
	Stenotrophomonas maltophilia
	Stenotrophomonas maltophilia




[bookmark: _Hlk197090239]3.1.2 Biochemical characterization  

3.1.2.1 Escherichia coli

[bookmark: _Hlk197097387]Biochemical analysis of the E. coli strains revealed the following profile: citrate (−), H₂S (−), glucose (+), lactose (+), gas (+), motility (+), urease (+), indole (+), and tryptophan deaminase (TDA) (+). While the production of urease, indole, and TDA is atypical for E. coli, identification using the API 20E system confirmed the classification as Escherichia coli as shown below (Figure 2).
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[bookmark: _Hlk197097509]Fig. 2. API 20E profile of Escherichia coli

3.1.2.2 Enterobacter sakazakii 

[bookmark: _Hlk197097840]This strain exhibited the following biochemical characteristics: citrate (+), H₂S (-), glucose (+), lactose (+), gas (+), motility (+), urease (-), indole (-), TDA (-). The API 20E system confirmed its classification as Enterobacter sakazakii as shown below (Figure 3).

[image: C:\Users\ABDALLA\Desktop\Finalisation Thèse 2018\Caratrisation biochimique Thèse\Eterobacter Thèse\DSC05000.JPG]

[bookmark: _Hlk197098191]Fig. 3. API 20E profile of Enterobacter sakazakii

3.1.2.3 Serratia spp

Biochemical testing showed the following profile: citrate (−), H₂S (+), glucose (+), lactose (−), gas (−), motility (−), urease (−), indole (−), and TDA (−). Based on the API 20E system, the strain was identified as Serratia spp. as shown below (figure 4).

[image: C:\Users\ABDALLA\Desktop\Finalisation Thèse 2018\Caratrisation biochimique Thèse\Eterobacter Thèse\DSC05038.JPG]

Fig. 4. API 20E profile of Serratia phumuthica

3.1.2.4 Enterobacter aerogenes

[bookmark: _Hlk197099604]This strain exhibited the following characteristics: citrate (+), H₂S (-), glucose (+), lactose (+), gas (+), motility (-), urease (-), indole (-), TDA (-). Identification using API 20E confirmed the strain as Enterobacter aerogenes given by figure 5.

[image: C:\Users\ABDALLA\Desktop\Finalisation Thèse 2018\Caratrisation biochimique Thèse\Eterobacter Thèse\DSC05042.JPG]

[bookmark: _Toc12900170][bookmark: _Toc12600424][bookmark: _Toc12900965][bookmark: _Toc12971526][bookmark: _Toc24357440]Fig. 5. API 20E profile of Enterobacter aerogenes

3.1.2.5 Stenotrophomonas maltophilia 

[bookmark: _Hlk197099179][bookmark: _Hlk197098969]The biochemical profile of this strain was as follows: citrate (−), H₂S (−), glucose (−), lactose (−), gas (+), motility (−), urease (−), indole (−), and TDA (−). API 20E analysis confirmed the identification as Stenotrophomonas maltophilia (Figure 6).
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[bookmark: _Hlk197099330]Fig. 6. API 20E profile of Stenotrophomonas maltophilia

3.1.2.6 Raoultella ornithinolytica

This strain displayed the following biochemical characteristics: citrate (+), H₂S (−), glucose (+), lactose (+), gas (−), motility (−), urease (+), indole (+), and TDA (−). API 20E system results confirmed the strain as Raoultella ornithinolytica (see figure 7).
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Fig. 7. API 20E profile of Raoultella ornithinolytica


3.2 Discussion

[bookmark: _Hlk197099971][bookmark: _Hlk197100539]3.2.1 Microbial Diversity  

[bookmark: _Hlk197100164]The results of this study confirm a significant microbial diversity in smoked and dried fish samples, including Escherichia coli and various opportunistic Enterobacteriaceae species. This diversity aligns with previous research on traditionally processed fish across Africa (Anihouvi et al., 2021; Yusuf & Hamid, 2017). The detection of Enterobacter sakazakii supports findings by Ekundayo et al. (2024), who reported these species in powdered infant formula, emphasizing its role in foodborne infections. Additionally, Serratia spp. has been linked to nosocomial infections and respiratory complications (Samonis et al., 2011), while Enterobacter aerogenes is recognized as an opportunistic pathogen associated with neonatal infections (Andrianarivel et al., 2010).

3.2.2 Clinical Relevance of the Identified Microorganisms  

[bookmark: _Hlk197100442]The microorganisms identified in this study carry notable clinical implications. Stenotrophomonas maltophilia is commonly associated with respiratory infections in immunocompromised patients (Brooke, 2021; Izydorczyk et al., 2023). Raoultella ornithinolytica, a histamine-producing bacterium, has been implicated in foodborne poisoning cases (Hajjar et al., 2029; Hwang et al., 2020).
Enterobacter sakazakii (now Cronobacter sakazakii) is particularly concerning due to its association with severe neonatal infections, especially from contaminated infant formula (Ekundayo et al., 2024). Enterobacter aerogenes, another opportunistic pathogen, is known for producing extended-spectrum beta-lactamases (ESBL), contributing to hospital-acquired infections (Andrianarivel et al., 2010).
The presence of E. coli in fish products is also concerning, as certain pathogenic strains can cause gastrointestinal infections in humans (Anihouvi et al., 2019). Studies have reported that foodborne outbreaks associated with E. coli contamination in fish products often stem from cross-contamination and poor hygiene during processing (Ayeloja et al., 2018).
The presence of E. coli, a well-known hygiene indicator and potential pathogen, is alarming, particularly because pathogenic strains can cause serious gastrointestinal illness. Contamination is often linked to poor hygiene and cross-contamination during processing (Ayeloja et al., 2018). Additionally, reports of antibiotic resistance among Enterobacteriaceae strains in this study echo findings from Amoah et al. (2024), emphasizing the growing threat of antimicrobial-resistant foodborne bacteria.

[bookmark: _Hlk197100704]3.2.3 Potential Sources of Microbial Contamination  
[bookmark: _Hlk197100596]
Contamination in smoked and dried fish may stem from several sources including unhygienic processing conditions, as traditional open-air drying and smoking techniques allow for microbial exposure and proliferation (Anihouvi et al., 2021; Alshevskaya et al., 2024); inadequate storage and packaging, where poorly sealed packaging and exposure to humidity foster microbial growth and spoilage (Chu et al., 2024); and cross-contamination, which involves the transfer of pathogens via contaminated hands, surfaces, and equipment, a common issue in fish handling and transportation (Ibrahim et al., 2024).
These findings are consistent with those of Somda et al. (2018) and Bonkoungou et al. (2011), who linked E. coli contamination to poor hygiene practices. While traditional processing methods remain important for food preservation, they must be coupled with improved sanitary practices. Implementing Good Manufacturing Practices (GMP) and Hazard Analysis and Critical Control Points (HACCP) systems is critical for reducing microbial risks (Geraldo et al., 2024).

3.2.4 Health Risks Associated with Microbial Contamination    

This study highlights significant concerns about bacterial contamination in smoked and dried fish. With regards to bacterial infections, the consumption of contaminated fish can lead to gastroenteritis, septicemia, and urinary tract infections, particularly in immunocompromised individuals (Amoah et al., 2024). The presence of Raoultella ornithinolytica raises concerns about scombroid poisoning, which manifests as flushing, headaches, and nausea (Hwang et al., 2019).
The co-occurrence of bacterial pathogens in smoked and dried fish calls for urgent improvements in food safety controls. These include routine microbial surveillance, enhanced drying and packaging technologies, and stricter enforcement of hygiene regulations (Ouédraogo et al., 2023; Amoah et al., 2023).

4. Conclusion

This study successfully isolated, identified, and characterized bacterial strains present in smoked and dried fish products. Biochemical (API 20E) analyses revealed a high prevalence of Enterobacteriaceae (including E. coli), and other potentially harmful bacterial species. Several of the identified bacteria are known pathogens, and some exhibit antimicrobial resistance, posing a significant health risk to consumers. Improving hygiene practices, refining traditional processing methods, and enhancing storage conditions are essential steps toward ensuring the microbiological safety of smoked and dried fish in Chad.
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