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[bookmark: _GoBack]Abstract: 
This comparative study aims to assess the safety of minced fish produced and marketed in three markets in Dakar: the Central Fish Market of Pikine, Kermel, and Soumbédioune Markets. The study is based on the 5M approach (Milieu, Méthode, Maindoeuvre, Matériel et Matière translate into Environment, Method, Workforce, Material, Substance) through field surveys conducted with operators, customers, and health authorities, complemented by microbiological and chemical analyses to provide a comprehensive overview of production, processing, and sales practices. The surveys revealed very heterogeneous artisanal practices: work surfaces are often improvised in Pikine and Soumbédioune, hand and equipment cleaning is limited to once or twice a day, the use of protective equipment is virtually nonexistent, and there is a lack of training for the operators. Ambient temperature preservation dominates in Pikine (74%) and Soumbédioune (44%), while Kermel stands out by systematically offering freezing for half of the actors. The analyses revealed the presence of fecal coliforms and E. coli in some samples, indicating fecal contamination, despite overall compliant chemical values (histamine, Total volatile basic nitrogen (TVBN)). The Soumbédioune market is distinguished by higher risks due to rudimentary production conditions, while Kermel has a more structured organization but remains vulnerable due to fragmented production. The Pikine market, better controlled, presents an intermediate level of risk. In light of these observations, the study recommends strengthening controls, improving infrastructure, training operators, and introducing quality management tools to ensure the safety of minced fish and protect public health.
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INTRODUCTION
Food safety is a global public health priority, with particularly significant implications in developing countries, where surveillance and control systems often remain limited (Grace, 2015; WHO, 2020). In Senegal, fish is an essential source of animal protein and a staple of the diet, particularly among low-income urban populations. According to the FAO & WHO. (2023), fish products account for nearly 70% of animal protein intake in the country.
Among the most widely consumed products is minced fish, which is popular for its convenience, affordability and integration into local culinary habits (Diouf et al., 2025). This type of artisanal fish processing is widespread in urban markets, although it often escapes formal quality control mechanisms. This situation exposes consumers to various health risks, including microbiological contamination (Escherichia coli, Salmonella spp., Listeria monocytogenes), chemical contamination (heavy metals, preservative residues), and physical contamination (foreign bodies) (Alomar, H. (2017), Elhadi et al., (2013)).
In Dakar, three markets stand out in the distribution of minced fish: the Pikine Central Fish Market, the Kermel Market, and the Soumbédioune Market. These sites present contrasting realities in terms of organisation, hygiene, and regulation. Pikine Market, the main wholesale centre, is characterised by large volumes and a diversity of supply, while Kermel and Soumbédioune, which are more tourist-oriented, are distinguished by mixed formal and informal commercial practices (Diouf et al., 2025; Direction des Pêches Maritimes, 2022).
Studies have shown that product handling, processing, storage and display practices in these markets are heterogeneous and often do not meet the required health standards (Ababouch, 2006; Diouf et al., 2025). The absence of continuous cold chains, the use of non-potable water and the lack of training for stakeholders in good hygiene practices contribute to the deterioration of the sanitary quality of processed fish (Grace, 2015; FAO, 2019). Cross-contamination on stalls, high ambient temperatures and inadequate storage conditions significantly increase the risks to consumers (Mensah et al., 2002).
In light of these challenges, it appears essential to conduct a rigorous assessment of the sanitary conditions under which minced fish is produced and sold in these three markets, taking into account microbiological, hygienic and socio-economic factors. This study is part of this approach, with the overall objective of assessing the health safety of minced fish in relation to its production and consumption in the markets of Pikine, Kermel and Soumbédioune.

STUDY METHODOLOGY
Sampling and survey methods  
This study adopted a qualitative descriptive approach, combining surveys and direct observations in order to collect relevant data on practices related to the production, marketing and consumption of minced fish in three markets in Dakar: the Pikine Central Fish Market, the Kermel Market and the Soumbédioune Market. Purposive sampling was used, targeting the main actors involved in the minced fish value chain, including producers/sellers, regular consumers, and local authorities. A total of 86 people were surveyed, broken down as follows:
51 economic operators (producers and/or sellers of minced fish): 8 at Kermel Market, representing 60% of operators at this site; 9 at Soumbédioune Market, also equivalent to 60% of operators; 34 at Pikine Central Fish Market, representing approximately 57% of operators at this market.
 31 regular consumers of minced fish, identified at the points of purchase: 6 at Kermel Market, 10 at Soumbédioune Market and 15 at Pikine Central Fish Market.
 4 representatives of local and health authorities responsible for market management or inspection: 2 assigned to the Pikine Central Fish Market, 1 to the Kermel Market, and 1 to the Soumbédioune Market.
The participants were selected based on their direct involvement in the processing, sale or consumption of minced fish, as well as their availability to participate in the study. The surveys focused on hygiene practices, storage conditions, perceptions of health risks, and logistical and regulatory constraints. Data were collected using structured interview guides, validated during a pilot phase, and supplemented by field observations to triangulate the information obtained.

Sampling method for minced fish 
A composite sampling method was used for this study. This method involves collecting several subsamples from the same batch or source and then combining them to obtain a representative sample. In each market, 10 samples of minced fish were taken directly from sellers or processors. Each batch of 10 samples was then mixed homogeneously to obtain one sample for each market. Each sample was packaged in clean bags, labelled with the necessary information (location, date), and then transported in a cooler filled with ice to maintain the cold chain and prevent any deterioration before analysis.

Microbiological analysis methods
Microbiological analysis of food products is of major importance in ensuring food safety and strengthening consumer confidence in these products. It aims to detect pathogenic microorganisms or indicators of contamination. In this study, several germs were investigated using various analysis methods listed in Table 1.
Table 1: Analysis of microorganisms sought in minced fish samples
	parameters
	Methodology

	ASR
	Enumeration and identification in Tryptone Sulphite Cyclo-serine (TSC) culture medium

	Total coliforms
	Enumeration and identification in crystal violet and neutral red bile lactose agar (VRBL) medium

	E. coli
	Enumeration and identification in tryptone bile glucuronide (TBX) culture medium 

	TAMF (Total anaerobic mesophilic flora) 
	Enumeration and identification in plate count agar (PCA) culture medium

	Salmonella
	Pre-enrichment, enrichment, isolation and identification 

	Staphylococci
	Enumeration and identification in Baird-Parker (BP) culture medium




Chemical analysis methods
As with the microbiological analyses, chemical analyses were carried out to verify the safety of the fish. The parameters studied are listed in Table II below:  
Table 2: Chemical analysis methods 
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	Method

	ABVT
	Mix until juice is obtained, filter the mixture, distil and titrate

	Histamine
	RIDASCREEN enzymatic method with ridasoftwin software



Survey Results 
Results related to surveys and observations presented according to the Ishikawa diagram 
The Ishikawa diagram, or 5 M diagram, is a recognised analysis tool in the field of quality and food safety. It provides a structured way of identifying possible causes of contamination based on five factors: Environment, Method, Manpower, Materials and Raw Materials. In order to comprehensively analyse the factors influencing the health safety of minced fish, the results of this study were organised according to this approach. This framework made it possible to identify sources of risk and cross-reference them with the perceptions of the stakeholders concerned (producers/sellers, customers, authorities).

3.1.3. Results relating to the "Environment" (production and sales environment)

The environment in which minced fish is prepared, handled and sold has a significant impact on its sanitary quality. The results obtained through field observations and surveys of operators (producers and sellers), customers and health authorities reveal significant disparities between the markets studied. 
3.1.3.1.    Assessment of the cleanliness of the space according to operators versus field observations
Figure 1 below shows the cleanliness of storage areas as assessed by sellers in the three markets studied:











Figure 1: Cleanliness of the storage area according to operators

The results (Figure 1) reveal marked differences in hygiene conditions between the three markets studied. At the Central Fish Market, 85% of operators consider cleanliness to be "sufficient", 3% consider it "very sufficient " and 12% consider it insufficient. However, field observations indicated that work surfaces are very small, equipment is often placed on the floor, and the drainage system is frequently blocked by waste. The Kermel market stands out positively: 88% of operators rate cleanliness as " sufficient " and 12% as "very sufficient "; none consider it inadequate. The work surfaces are mostly tiled and the stall areas are partially covered. In Soumbédioune, 56% of operators express dissatisfaction with hygiene, while 44% find it sufficient; none consider it "very sufficient ". Working conditions there are particularly precarious: open spaces close to the sea, stray animals, insects, stagnant water, and 20% of operators report a lack of frequent cleaning and a lack of basic equipment.
3.1.3.2. Customer perception of the sales environment
Beyond the condition of the sales environment, customer perception remains a good indicator of ambient hygiene, revealing aspects that are sometimes less visible during direct observations.












Figure 2: Frequency of attention paid to the cleanliness of the area by customers

Figure 2 highlights varying levels of customer attention to the cleanliness of vendors and their stalls across the studied markets. At the Central Fish Market, this vigilance is particularly notable: 80% of customers always pay attention, compared to 13% who never do and only 7% who do so occasionally. As for the Kermel market, analysis of this figure shows that it presents a more balanced distribution, with half of the customers consistently observing cleanliness, while the other half pay attention occasionally. No customer reports being indifferent, reflecting an overall positive perception of the site's hygiene. Conversely, at the Soumbédioune market, while half of the customers claim to monitor the hygiene of the stalls, 30% do so only occasionally and 20% never. The latter also perceive this market as unhygienic and report avoiding the purchase of minced fish already on display, preferring it to be prepared in front of them to ensure its freshness and cleanliness. Overall, consumers show a strong sensitivity to the cleanliness of sales points, clearly favoring well-maintained stalls and avoiding those with poor hygiene.

3.1.3.3. Health authority opinions on these markets
The authorities focus on several criteria during their inspections, with varying priorities depending on the market.







Table 3: Different aspects inspected by the authorities during visits to the markets studied
Markets Aspects inspected
	Markets
	Controlled aspects

	Central fish market
	Product quality and freshness
Cleanliness and hygiene of sales areas
Storage and preservation conditions
Product documentation and traceability
Sanitation (wastewater treatment, waste management)

	Kermel market
	Product quality and freshness
Cleanliness and hygiene of sales areas
Product documentation and traceability

	Soumbédioune market
	Product quality and freshness
Cleanliness and hygiene of sales areas
Handling of products by sales staff




The analysis of Table 3 reveals a disparity in the sanitary management of markets. At the central market, authorities ensure comprehensive control, including hygiene, storage, and sanitation. In contrast, at the Kermel and Soumbédioune markets, the actions of quality managers are limited to the cleanliness of sales areas, neglecting storage conditions and sanitation, which creates gaps in overall control. The state of infrastructure is also a critical factor: insufficient equipment at the central market, lack of dedicated spaces and poor waste management at Soumbédioune, as well as irregular maintenance of work areas at Kermel.
3.1.2. Results relating to "Labour"  
3.1.2.1. Length of service of producers in the minced fish business
Figure 3 shows the distribution of producers' seniority in each market, revealing highly experienced profiles in Kermel and a generational balance in the central market. 











Figure 3: Distribution of sellers/producers by years of experience
The analysis of Graph 1 highlights significant differences in seniority among operators across the three markets. At the central market, the distribution is relatively balanced, covering all experience ranges, which reflects a diverse workforce structure. At Kermel, all operators have more than 15 years of seniority, emphasizing a stable and experienced workforce. In contrast, at the Soumbédioune market, the majority of actors have between 5 and 20 years of experience, revealing an intermediate composition with neither recent turnover nor very long-standing personnel. Overall, these data shows that Kermel has a more senior and stable staff, while the central market and Soumbédioune have a wider range of experience levels.

3.1.2.2. Producers' level of education
The educational level of operators directly influences their understanding and application of food hygiene and safety standards. Figure 4 shows the results of surveys on the educational level of producers. 












Figure 4: Educational attainment of operators
Figure 4 illustrates the distribution of operators' educational levels in three distinct markets:
Central fish market: 3% of operators are literate in Wolof, 35% have no formal education, 15% have received Koranic training, and 47% have completed primary school. None of the respondents reported having received secondary or higher education.
Kermel Market: 50% of operators reported having received Koranic education, 25% had completed primary education, 13% had completed secondary education, and 12% held a university degree.
Soumbédioune Market: 33% of respondents had no formal schooling, 22% had received Koranic education, and 45% had completed primary school. None of the traders in this market had attended secondary or higher education.
These results highlight a marked heterogeneity in educational levels between the markets studied. The central fish market and the Soumbédioune market are characterized by a predominance of operators with little or no schooling, while the Kermel market has a higher educational profile, with 26% of operators having attained secondary or university level education.

3.1.2.3.  Existence of training for producers in food safety
Food safety training is very rare in markets, with the exception of a minority of 15% of female vendors at the central fish market who report having received training thanks to funding provided by the DER (Délégation Générale à l'Entreprenariat Rapide) or family grants. In the other markets, Kermel and Soumbédioune, all sellers report never having received training in food safety. This reveals a major deficit in the acquisition of the skills necessary to comply with hygiene and safety standards.
3.1.2.4. Health inspections received by producers
The frequency of health inspections varies greatly between markets, revealing discrepancies in the monitoring of minced fish sold.











Figure 5: Health inspections received by operators
Figure 5 reveals significant disparities in the frequency of health inspections across markets. At the central market, inspections are variable: 15% of operators are never inspected, 15% are inspected occasionally, 41% monthly, and 30% daily. At Kermel, all operators undergo daily inspections, reflecting strict health monitoring. In contrast, at the Soumbédioune market, no inspections are carried out, indicating a complete lack of oversight. Furthermore, inspections are limited to raw fish, with processed products never being checked; the inspections mainly focus on organoleptic quality and the legal minimum size of fish. These results highlight a significant imbalance in the enforcement of health control measures between markets.

3.1.2.5. Staff hygiene practices
In the markets surveyed, hand washing is not systematically practised after each handling of fish. At the central market and Soumbédioune, saleswomen generally rinse their hands at the same time as the fish, without any specific action between two handlings. At Kermel market, hand washing is more frequent, but it is not carried out after each interaction with a customer.
In all three markets, the use of personal protective equipment (gloves, hairnets, aprons) was not observed. The majority of producers wear dirty clothes as work attire.
None mentioned having received training in hygiene. Behaviours such as handling fish with injured hands were reported on several occasions. Finally, failure to comply with protective measures, such as frequent hand washing or the use of protective equipment, is common among operators.
3.1.2.6.    Customer perceptions of staff hygiene
Consumers consider staff cleanliness to be a key factor in determining trust. Figure 6 below shows their assessments of compliance with hygiene standards when handling and selling minced fish.

Figure 6: Assessment of compliance with hygiene standards in production and sales according to customers
Analysis of the results shown in Figure 6 reveals that:
At the central fish market: 40% of customers consider that sellers fully comply with hygiene standards, while 60% believe that compliance is only partial.
At Kermel Market: only 17% of customers have complete confidence in hygiene practices, while 83% consider them to be only partially compliant, highlighting occasional shortcomings.
At Soumbédioune Market: 10% of customers do not trust the hygiene practices of staff at all, 70% consider them to be partially compliant, and only 20% consider them to be fully satisfactory.
While no market achieved a majority of "yes, completely" responses, the Central Market in Pikine stood out with a better score (40%) compared to Kermel (17%) and Soumbédioune (20%). Partial trust remains dominant, reflecting a need for visible improvements in barrier gestures and the hygienic presentation of staff.

3.1.2.6. Awareness-raising among operators
In order to improve hygiene practices and enhance the health safety of minced fish, awareness-raising activities were carried out among sellers, focusing mainly on good practices in the handling, storage and marketing of products.
Table 4: Frequency of awareness-raising activities and topics covered
	Markets
	Frequency of awareness raising
	Topics covered

	Central fish market

	Monthly
	Personal hygiene and handling
Preservation and storage
- Risk prevention

	Kermel market
	Never
	-

	Soumbédioune market


	
Half-yearly
	Personal hygiene and handling
Preservation and storage
- Risk prevention


Based on the data in the table 4, it appears that the central market and Soumbédioune organize awareness sessions on a monthly or semi-annual basis, primarily addressing hygiene, handling, storage, and risk prevention, while traceability is never covered. In contrast, no awareness activities are reported at the Kermel market. These results indicated that only the markets of Pikine and Soumbédioune benefit from training on essential aspects of hygiene, with a generalized lack of consideration for traceability.

3.1.3. Results relating to "Method" (production, hygiene, preservation and sales practices)
3.1.3.1.    Method of producing minced fish
The production of minced fish is identical in all the markets studied and follows a structured process that includes several important steps for product quality and safety. These steps are clearly illustrated in the production diagram below (Figure 7). 
Figure 7: Diagram showing the production of minced fish in the three markets studied
3.1.3.1. Hygiene practices applied during operations
The following results in table relate to the hygiene measures implemented by sellers when selling minced fish.
Table 5: Health and safety measures during sale

	Markets
Parameters
	Central Fish Market of Pikine
	Kermel Market
	Soumbédioune Market

	Cold storage at the point of sale
	0%
	57%
	0%

	Use of clean packaging
	100%
	100%
	100%

	Wearing personal protective equipment
	10%
	0%
	0%

	Quality control of fish before mincing
	100%
	100%
	100%



The Analysis of table 5 highlights several practices related to hygiene and health safety for minced fish in the three markets surveyed:
Cold storage at the point of sale: Only the Kermel market reported the use of cold storage, with 57% of vendors stating that they used it. No use of this method of storage was reported in the Central and Soumbédioune markets.
Use of clean packaging: In all three markets, 100% of operators reported using clean plastic bags or packaging for fish.
Wearing personal protective equipment (PPE): Overall, PPE use is low. At the Central Market, 10% of operators wear gloves during production. At the Kermel Market, 13% of producers wear aprons. No use of PPE was observed at the Soumbédioune Market.
Quality control before mincing: All respondents from the three markets (100%) stated that they carry out an organoleptic check (appearance, smell, texture) of the fish before mincing. At Kermel market, 25% of sellers who source their fish from factories also stated that they check the product's expiry date. 

3.1.3.3.    Cleaning methods 
In the three markets surveyed, the methods used to clean equipment and production surfaces are similar. Cleaning is carried out twice a day: rinsing with water at the start of the day, followed by cleaning with detergent and bleach at the end of the day. No cleaning is carried out after each use of the equipment.
With regard to hand hygiene, the practices observed show a lack of consistency. At the central fish market and Soumbédioune, operators generally wash their hands at the same time as the fish, without distinguishing between cleaning their hands and cleaning the product. Systematic hand washing after each customer is not practised.
At Kermel market, hand washing is more frequent, but it remains irregular and does not follow a standardised protocol. 

3.1.3.4.    Preservation methods and storage duration 
Table 6 below shows the method and duration of storage of minced fish in each market, as well as the percentage of vendors who adopt these practices:
Table 6: Preservation methods and shelf life by market
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	Storage Methods 
	Storage Duration
	Percentage of storage/conservation types  (%)

	

Central fish market

	Freezing 1 to 3 days
	1 to 3 days
	0%

	
	No storage 
	No storage immediately after bagging 
	26%

	
	Room temperature 
	Less than 24 hours
	74%

	

Kermel  Market
	Freezing 
	1 to 3 days
	50%

	
	No storage 
	No storage immediately after bagging
	50%

	
	Room temperature 
	Room temperature 
	0%

	
Soumbédioune Market
	Freezing 
	1 to 3 days
	0%

	
	No storage 
	No storage immediately after packaging
	56%

	
	Room temperature 
	less than 24 hours
	44%



The analysis of the data in Table VI reveals that practices for preserving minced fish vary significantly depending on the market, reflecting both local habits and logistical constraints. Thus, at the central fish market, the majority of vendors (74%) store the product at room temperature for less than 24 hours, while the remaining 26% prefer immediate sale after packaging without resorting to freezing. This approach contrasts with that of the Kermel market, where half of the vendors use freezing to extend storage for 1 to 3 days, while the other half sell directly on order, with room-temperature storage almost never observed. Intermediately, the Soumbédioune market presents a mixed situation: 56% of vendors prepare the fish just before selling it, while 44% keep it at room temperature for a short period. Inspections conducted by health authorities indeed highlighted the absence of certain basic practices, such as regular hand washing, wearing gloves, or using protective equipment. Consequently, while preservation methods vary, they also emphasize an urgent need to strengthen hygiene measures in order to ensure food safety and reduce health risks associated with consuming minced fish.
3.1.4.     Results relating to "Equipment" (facilities, infrastructure, quality and origin of ingredients)
Field observations revealed significant disparities in equipment hygiene conditions between the markets studied. At the Central Market, production tables are too low and not spacious enough, forcing operators to place their equipment on the floor. In Kermel, vendors have freezers and well-maintained tiled work surfaces, while in Soumbédioune, the lack of refrigeration, damaged tables and clutter make it difficult to maintain hygiene. Overall, equipment cleaning remains inadequate, promoting the accumulation of contaminants.
The authorities interviewed highlighted shortcomings in refrigeration equipment, particularly in Pikine and Soumbédioune, compromising the cold chain and increasing microbial risks. On the customer side, purchasing criteria are based mainly on the apparent freshness of the product, the reputation of the seller and the visual conditions of preparation, with little attention paid to the equipment used (mincers, coolers, tables, etc.). Finally, field observations and interviews with authorities and customers show that Kermel is clearly superior in terms of hygiene and cold chain management, while Soumbédioune has numerous sanitary and structural deficiencies.
3.1.5.    Results relating to "material" 
3.1.5.1.    Types of species produced at the sites according to operators
The fish species used for production at the three markets are Sardinella (Sardinella aurita or Sardinella maderensis), ethmalose (Ethmalosa fimbriata), sole (Cynoglossus senegalensis), horse mackerel (Trachurus sp), plexiglass captain (Galeoides decadactylus), red mullet (Pseudupeneus prayensis), cod (Gadus morhua), etc. Figure 9 shows the level of use of species in the target markets. 

Figure 8: Different species used for mincing according to market
According to Figure 8, the species present in the different markets are distributed in a distinct manner. The central fish market relies entirely on pelagics, mainly Sardinella and Ethmalosa, but also offers a diverse range including red mullet (56%), plexiglass fish (38%), and solea (21%). In contrast, the Kermel market focuses exclusively on high-value and premium fish, such as cod, plexiglass fish, red mullet, and solea, without including small pelagics. The Soumbédioune market, on the other hand, depends entirely on pelagics, with a limited presence of horse mackerel (44%), red mullet (22%), and very little solea (11%). This distribution of species has direct implications for the management of product quality and safety. The heavy reliance on pelagic fish in the central and Soumbédioune markets requires strict control of the cold chain and organoleptic freshness, given that these dark-fleshed fish are more perishable. In the central market, however, species diversification helps to spread microbial risks. Conversely, Kermel, which specializes in white-fleshed fish, must prioritize traceability and monitoring of chemical quality to ensure the safety and value of its products.
3.1.5.2.    Source of supply 
The origin of fish and the ability to trace its journey to the point of sale are essential for managing health risks. Field surveys and observations have revealed the following practices:
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Figure 9 : Supply flow of minced fish according to markets
By analyzing the data presented in Figure 9, it is noticeable that the majority of vendors source their supplies directly from fish wholesalers or at the local market, with 79% at the central market, 63% at Kermel, and 22% at Soumbédioune. A significant portion also performs cutting from the fish brought by the customer, especially at Soumbédioune (56%). Purchases from factories or other wholesale markets remain marginal, except at Kermel. This supply organization, whether local or dependent on the customer, affects the variability of freshness and the traceability of the products.
3.1.5.3.    Customer perception of minced fish 
3.1.5.3.1.    Customer perceptions of the quality of minced fish
Customer surveys revealed that their assessment of minced fish is based mainly on the appearance of freshness and trust in the seller, rather than on precise knowledge of the origin of the fish or the species used.


Figure 10: Assessment of minced fish quality by customers at market level
This figure 10 presents the evaluation of minced fish quality by customers from different markets. At the Central Fish Market, 80% of customers rate the quality as good, and 20% find it average, indicating moderate satisfaction, probably related to storage conditions. The Kermel Market shows the best results with 83% favorable opinions and 17% very good ratings, reflecting better hygiene and storage management. In contrast, at the Soumbédioune Market, 60% of customers consider the quality good and only 40% average, highlighting limitations in hygiene and refrigeration. Thus, the observed differences underline the decisive impact of hygiene and storage conditions on consumers' perception of minced fish quality.

3.1.5.3.2. Signs of poor quality observed by customers 
During the surveys, several customers reported having observed signs of spoilage or poor quality in minced fish:

Figure 11: Signs of poor quality observed by customers in the different markets.
Figure 11 presents the signs of deterioration in minced fish reported by consumers in the three markets. According to the results shown in this figure 11, it is noticeable that at the central fish market, 33% of customers reported an unpleasant odor and 20% a color or texture anomaly, while 27% noticed no defects. At Kermel market, the results are more favorable, with 50% reporting no anomalies, compared to 33% mentioning an abnormal odor. In contrast, at Soumbédioune market, 50% of customers observed an unpleasant odor, and only 20% reported no problems. Overall, abnormal odor appears as the main indicator of deterioration, followed by unusual color, while texture is less frequently cited. From a health perspective, the majority of customers did not report major issues, except for a few cases of tingling (27% at the Central fish Market, 10% at Soumbédioune) and diarrhea (20% at Soumbédioune). No incidents were recorded at Kermel market, confirming its better hygienic quality compared to other markets according to surveys and inspections. Thus, the results suggest a relationship between perceived quality and storage hygiene, with a higher health risk at Soumbédioune.
Results related to microbiological and chemical analyses 
In addition to the field surveys, microbiological and chemical analyses were carried out to assess the overall sanitary quality of minced fish based on recognised regulatory and scientific criteria.
Results of microbiological analyses 
The microbiological analyses were based on the search for germs summarized as follows:

Table 7: Results of microbiological analyses of minced fish.
	Parameters 
	Reference value
	Minced fish from the central fish market 
	Minced fish from Kermel Market
	Minced fish from Soumbédioune market

	E. coli
	< 10/g
	Less than 10/g
	Less than 10/g
	Less than 10/g

	Coagulase-positive staphylococci
	< 102/g
	(Compliant) 73/g 
	(Compliant) 73/g 
	(Compliant) 73/g 

	Coliforms
	< 102/g
	(Non-compliant) Less than 10/g
	(Non-compliant) Less than 10/g
	(Non-compliant) Less than 10/g

	FAMT
	5.104-5.105/g
	(Compliant)
	(Compliant)
	(Compliant)

	Salmonella
	Not detected
	Less than 10/g 
	Less than 10/g 
	Less than 10/g 

	ASR
	2-20/g
	(Compliant) Less than 10/g
	(Compliant) Less than 10/g
	(Compliant) Less than 10/g



The results of microbiological analyses showed that: 
E. coli: Detected only at Kermel Market at 73 CFU/g, above the acceptable limit, indicating recent faecal contamination. The Central Market and Soumbédioune Market are compliant.
Coagulase-positive staphylococci: Absent or in negligible quantities (< 10/g) in all markets.
Total coliforms: All markets have non-compliant levels. Their high presence reflects a general lack of hygiene during handling or in production equipment.
Total mesophilic aerobic flora (TMAF): Only the central market complies with the criteria. The Kermel and Soumbédioune markets have high mesophilic loads, indicating poor hygiene practices or inadequate storage.
Salmonella and sulphite-reducing anaerobes (SRA): No samples were contaminated, which is a very positive point for all markets.
Despite the absence of major pathogens such as Salmonella and ASR, coliform contamination and mesophilic flora levels are a problem, especially in Kermel and Soumbédioune. This confirms the risks associated with non-compliance with good hygiene practices and lack of control over the cold chain.
Results of chemical analyses
The chemical analyses carried out on the minced fish samples focused on two major indicators of freshness: histamine and total volatile basic nitrogen (TVB-N). These parameters make it possible to assess the state of deterioration of the fish and to detect any risks associated with the consumption of this food.
Table 8: Chemical analysis results (histamine and TVBN)
	Parameters

	Minced fish from the central fish market 
	Minced fish from Kermel Market
	Minced fish from Soumbédioune market 
	Limit values

	Histamine
	10,09 ppm
	8,92ppm
	5,75ppm
	100ppm

	Total Volatile Basic Nitrogen (TVB-N)
	1,39mg/100g
	5.58mg/100g
	1,67mg/100g
	Max. 20 mg/100g


Analysis of the chemical results in this Table 8 obtained for minced fish from the three markets shows that:
Histamine: In all cases, the histamine level is well below the 100-ppm limit. This indicates that the fish is fresh and that there is low histamine production, which can occur when fish is not stored under adequate conditions. No particular anomalies were therefore found for this parameter.
Total Volatile Basic Nitrogen (TVB-N):
All recorded values are also below the maximum threshold of 20 mg/100g, confirming the microbiological freshness of the fish at the time of processing. However, the TVBN value measured in Kermel (5.58 mg/100g) is higher than those observed at the central market (1.39 mg/100g) and in Soumbédioune (1.67 mg/100g), indicating a more pronounced onset of deterioration. Despite this, it still complies with standards (NF V04-407).

Discussion 
Integrated analysis of field and laboratory results reveals that the safety of minced fish sold at the central markets of Pikine, Kermel and Soumbédioune is compromised by complex interactions between the environment, production methods, personnel, equipment and raw material quality. The hygiene disparities observed between the three markets confirm the decisive influence of the environment on the safety of minced fish. At the central market, while 88% of operators consider cleanliness to be "sufficient" or "very sufficient", field observations reveal cramped production areas and equipment placed on the floor near drains clogged with waste. According to Souleymane (2021), this discrepancy can be explained by the fact that operators are accustomed to market conditions and that each seller primarily assesses the cleanliness of their own stall, without noticing the unsanitary conditions in the surrounding areas where fish is stored. These conditions have already been identified by Diéi-Ouadi (2005) as conducive to microbial growth in artisanal processing sites in Senegal.
Furthermore, according to health officials, this market has two ice factories and four cold rooms for storing products. However, the growth in retail sales has led to increased footfall and a lack of consistency in hygiene practices, particularly with regard to maintaining the cold chain and the absence of strict separation between clean and dirty areas. The Kermel market is distinguished by its modern facilities, including tiled stalls and partially covered areas; no vendors consider the cleanliness to be inadequate, which is consistent with the work of Roesel and Grace (2016), showing that more modern infrastructure in informal markets in West Africa significantly improves perceived and actual hygiene. However, the lack of regular cleaning of surfaces reported by the health officer  highlights that even good facilities are not enough to guarantee sanitary control without strict disinfection protocols (FAO/WHO, 2022).
The traditional market in Soumbédioune suffers from ageing infrastructure, with stalls exposed to the sun and dirt. More than half (56%) of operators are dissatisfied with the cleanliness of the site and describe it as "dirty and disorganised". Twenty percent also mention irregular cleaning and a lack of basic equipment. This situation, coupled with exposure to animals, insects and stagnant water, echoes the findings of Bédane et al. (2022) in Ethiopia, where an open and poorly maintained environment increased faecal contamination of fish products. Consumers in Soumbédioune confirm this perception: 20% say they never pay attention to the hygiene of the stall, preferring to buy minced fish prepared in front of them to limit the risks. To remedy these shortcomings, a new covered and refrigerated quay, equipped with negative and positive cold rooms and an ice factory, has been launched, but its opening is still pending and the impact on existing practices remains limited (Sylla et al 2025). Finally, the opinion of the health authorities highlights a major shortcoming: official controls focus on raw fish (size, freshness) and the hygiene of sales outlets, but neglect storage and sanitation, which are essential aspects according to Codex CAC/RCP 52-2003 and EU Regulation 2073/2005. This imbalance, already reported by Mbaye (2005), allows critical issues to remain uninspected (drains, waste management), compromising overall hygiene. These results clearly illustrate that, without adequate infrastructure, systematic cleaning protocols and uniform inspection coverage, the sales environment remains a weak link in the minced fish safety chain (Diouf et al., 2025).
The characteristics and behaviour of staff are decisive factors in the sanitary quality of minced fish. This survey reveals contrasting levels of professional experience: Kermel benefits from a highly experienced team (75% with 15–20 years' experience, 25% with > 20 years' experience), while the central market and Soumbédioune have a wider range, from beginners (12% < 5 years' experience at the central market) to veterans (9% > 20 years' experience at the central market). These data are consistent with those of Bedane et al. (2022), who found that experience enables better detection of organoleptic anomalies, but does not always guarantee the adoption of good practices if training is lacking. The level of education remains generally low at the central market and Soumbédioune: nearly 50% have not progressed beyond primary school or have no formal qualifications. In Kermel, 26% have attained secondary education or higher. Cudjoe et al. (2022) showed that a higher level of education correlates with a better understanding of hygiene guidelines and more diligent compliance with protocols. Thus, the higher proportion of educated operators in Kermel undoubtedly explains their relative attention to hand washing and equipment cleaning (Okoruwa, 2021) . However, training in health safety is virtually non-existent: only 15% of female vendors at the central market report having attended a session, thanks to one-off funding (DER, family grant), while in Kermel and Soumbédioune, no one has received any training. This deficiency contrasts sharply with the recommendations of the FAO/WHO (2022), which emphasise the importance of ongoing, practical training to prevent cross-contamination and control biological hazards. Roesel & Grace (2016) note that, in informal markets in sub-Saharan Africa, the lack of widespread training reduces the effectiveness of any HACCP plan. The frequency of health inspections also appears to be a motivating factor: Kermel, where inspections are carried out daily, shows greater rigour in barrier measures (more frequent washing, partial use of gloves) as shown by (Ackah, 2011). Conversely, Soumbédioune has no inspections, and this is reflected in lax practices (non-compliance with hand washing, equipment rarely disinfected). These observations confirm that pressure exerted by the authorities, even when limited to checking the size of raw fish, can have a positive influence on behaviour, as highlighted by Mbaye (2005) and Diei-Ouadi (2005).
With regard to hygiene practices, hand washing remains inadequate: at the central fish market and in Soumbédioune, it is done at the same time as rinsing fish, without any specific action between each customer, whereas in Kermel it is more regular but not systematic after each handling. The use of PPE is non-existent. These findings are consistent with those of Bedane et al. (2022), who documented the almost total absence of gloves and the persistence of risky behaviours (smoking, handling money) in artisanal circuits. 
Customers' perceptions of staff hygiene reinforce these observations: only 40% of customers at the central market consider hygiene standards to be "fully" respected, compared to 17% in Kermel and 20% in Soumbédioune. This partial assessment reflects a gap between the technical expertise of operators and consumer expectations, as noted by Fournis et al. (2009) on the importance of hygiene image for customer confidence. Health authorities recognise a lack of formalized protocols and PPE use, but their recommendations (organisation of training sessions, increased inspections) remain largely unimplemented due to a lack of resources. This institutional shortcoming, highlighted by Roesel and Grace (2016), contributes to the perpetuation of non-compliant practices in informal markets. The combination of low educational attainment, lack of training, inadequate inspections and poor hygiene practices creates an environment conducive to contamination of minced fish. To remedy this, it is crucial to strengthen practical training for operators, intensify controls and promote the systematic use of PPE (Personal Protective Equipment), in accordance with FAO/WHO recommendations and the findings of African studies.
The manufacturing method observed in the three markets follows the standard steps for processing minced fish, but several practices compromise food safety. Organoleptic testing, carried out by all operators, is a positive point and is in line with the recommendations of Dieï-Ouadi (2005). However, the initial washing of the fish is often omitted or carried out with questionable water, which increases the microbial risk, as shown by Bedane et al. (2022).
The lack of cleaning between each use of mincers and the low use of PPE (gloves, gowns) do not comply with the good practices defined by the FAO/WHO (2022) and expose workers to cross-contamination (Sylla et al, 2025). The separation of tasks in Kermel, although useful for productivity, can also exacerbate these risks if it is not accompanied by rigorous cleaning of equipment (Cudjoe et al., 2022).
In terms of preservation, only sellers in Kermel use freezing (50%), which limits bacterial growth. In Pikine and Soumbédioune, storage at room temperature (up to 74%) increases the risks, as indicated by the microbiological results of this study. Roesel and Grace (2016) pointed out that the lack of a cold chain is a critical factor in informal markets. In this regard, although all operators use so-called "clean" bags, these are often non-food grade, posing a chemical risk (Fournis et al., 2009). Similarly, according to the GBPH (Good Hygiene Practices Guide) for the processing of fishery products within the framework of the USAID/COMFISH Plus project in Senegal, for fish processing, untested bags may contain harmful substances that migrate into food products. Methods remain too artisanal to guarantee adequate hygiene. Efforts must be made to improve cleaning, integrate refrigeration and ensure safe packaging (Diouf et al 2025). The equipment used in the markets studied shows significant inequalities that directly influence the health safety of minced fish. The Kermel market has the best infrastructure (electric mincer, tiled work surfaces, individual freezers), allowing for better control of hygiene and the cold chain.
This configuration is in line with the recommendations of the FAO and WHO (2022), which emphasise the importance of appropriate equipment to ensure the safety of fishery products. In comparison, the central market has rudimentary equipment: manual mincers that are difficult to dismantle, rough wooden tables, and coolers mainly used for raw fish (Liliane et al 2024). Although communal cold rooms are available, their use remains limited for processed products, compromising cold chain continuity. This finding echoes the observations of Boucharel (2012), who emphasises that the existence of equipment does not guarantee its proper use or sanitary effectiveness. 
Soumbédioune, for its part, has a number of critical shortcomings: no water supply on site, makeshift equipment (damaged draining racks, manual mincers), and only 25% access to cold storage. This situation reflects the precarious conditions described by Bedane et al. (2022), where the lack of basic infrastructure exacerbates microbial risks in artisanal markets. Field observations confirm these discrepancies: basins placed on the floor, tables that are too low or damaged, lack of space or organisation. DeBeer et al. (2021) emphasise that unsuitable surfaces that are difficult to clean are vectors of cross-contamination in the fresh produce sector.
Furthermore, customers do not seem to pay attention to these technical aspects: their assessment is based on perceived freshness, the seller's reputation or the method of preparation, as also noted by Fournis et al. (2009). This lack of awareness of the role of equipment in food safety suggests a need to strengthen communication and health education among consumers.
For example, the widespread use of non-food plastic bags for packaging, although uniform, poses a risk of chemical migration, as demonstrated by (Alomar,2017 and Dahani et al 2025). This practice contravenes the requirements of the Codex Alimentarius, which stipulates that materials must be suitable for food contact. The disparity in equipment between markets highlights the direct influence of infrastructure on the quality of the finished product. While Kermel offers a more favourable environment, conditions in Soumbédioune and the central market remain a cause for concern. Improving basic equipment, combined with better training for operators and customer awareness, is essential to enhance the health safety of minced fish sold in these markets as showed by (Tall et al 2025).
The study reveals considerable variability in the fish species used depending on the market, influenced by availability, target customer base and supply methods. The central fish market and Soumbédioune rely heavily on small pelagic species such as Sardinella and Ethmalosa, confirming the findings of Dieï-Ouadi (2005), who pointed out that these highly perishable species are commonly used in artisanal processing in West Africa. Their high sensitivity to spoilage requires rigorous conservation measures, which remain insufficient in the two markets studied. In contrast, the Kermel market is distinguished by its exclusive use of more noble species (cod, solea, red mullet), often associated with a perceived higher quality. This choice reflects an adaptation to a more demanding custom, in line with the analyses of Fournis et al. (2009), who highlight the influence of purchasing power and local preferences on the species sold.
From a supply perspective, the markets operate according to distinct principles. Products come mainly from local sources (fishmongers, markets), which, according to Mbaye (2005), reflects an informal chain that is difficult to trace. This situation is particularly critical in Soumbédioune, where more than half of producers directly process fish brought in by customers, which complicates upstream health checks (Diouf et al 2025). Fish supply by factories, which is more structured and traceable, remains marginal (only 25% in Kermel), even though it represents an opportunity to improve quality control (Boucharel, 2012).
Regarding customer perception, overall satisfaction is positive, especially at Kermel (100% satisfaction, with 17% of customers rating their satisfaction with product quality as "very good"), which can be attributed to the strict practices and the visual quality of the products. At Soumbédioune, feedback is more nuanced, with 40% of customers rating the quality as only "average," which may be related to poor hygiene conditions and the lack of a cold chain. These observations are consistent with the conclusions of Roesel and Grace (2016), who link infrastructure weaknesses to a negative perception of product quality in informal markets.
Signs of poor quality, mainly unpleasant odours and unusual colours, are typical sensory indicators of microbial degradation, as indicated by Dubois-Brissonnet and Guillier (2020). Their higher frequency in Soumbédioune confirms the impact of material conditions on product safety. Although most customers did not report any health problems, cases of tingling (27%) and diarrhoea (20%) were still reported, particularly in Soumbédioune, suggesting possible contamination by pathogens. This diversity in species, sources of supply and customer perception reveal multiple challenges: ensuring effective traceability, improving the cold chain for sensitive species, and strengthening training for producers to limit product spoilage. These measures are essential to guarantee sanitary quality and reassure consumers as showed by (Sylla et al 2025). Data collected through laboratory analyses (microbiological and chemical) reveal both advances and shortcomings in the production of minced fish at the Central Fish Market, Kermel and Soumbédioune. On the one hand, the results of microbiological analyses show an absence of Salmonella, ASR and Staphylococcus in all samples, which means that they comply with standards and Regulation (EC) No 2073/2005 of 15 November 2005 and Senegalese Decree No. 14351 of 28 September 2016 establishing the microbiological criteria, sampling plan and analysis methods applicable to the control of fishery and aquaculture products intended for human consumption. Furthermore, the analyses reveal excessively high levels, exceeding the limit values, of E. coli in Kermel (73 CFU /g), coliforms in all markets and Total Mesophilic Aerobic Flora (TMAF) in the Kermel and Soumbédioune markets. These non-compliances are completely at odds with the results of Sylla et al (2025), which found compliance in all its microbiological analyses of all srimp samples as well as the results of studies by (Keneme, 2024).
Microbiological analyses highlight significant shortcomings in hygiene control in two of the three markets, despite the absence of major pathogens. The detection of E. coli in Kermel (73 CFU/g), above regulatory thresholds, indicates recent faecal contamination, often linked to inadequate hand washing or the use of unsuitable water (Dubois-Brissonnet and Guillier, 2020; Bedane et al., 2022). This result is concerning, as Kermel is the only market equipped with freezers, showing that cold storage does not compensate for poor human hygiene. Total coliforms, present in excess in all markets, indicate structural defects in the processing chain, such as inadequate cleaning of equipment or prolonged contact with contaminated surfaces, as highlighted by Dieï-Ouadi (2005) in his studies on minced sardinella. On the other hand, the absence of Salmonella and ASR is a positive point: it shows that the raw materials do not come from severely damaged fish, or that the temperature conditions have not favoured these germs.
The results indicating non-compliance with E. coli at the Kermel market and the presence of coliforms in all markets can be explained in large part by the practices reported during the surveys that compromise food safety:
Low level of education and training among sellers on hygiene or health safety; 
Prolonged handling of fish without protection or regular hand washing, especially at room temperature;
Inadequate hygiene of equipment (mincers, knives), staff and work surfaces;
Limited access to drinking water or adequate cleaning facilities;
Shared production, especially in Kermel.
The Total Aerobic Mesophilic Flora (TAMF), a global indicator of contamination, is non-compliant in Kermel and Soumbédioune, suggesting breaks in the cold chain or prolonged exposure of fish to conditions conducive to microbial growth. This finding is consistent with those of Roesel and Grace (2016), who highlight the impact of sales at room temperature on bacterial proliferation in informal markets. Similarly, among the difficulties encountered, some sellers mentioned a lack of storage equipment and a decline in customer numbers. Indeed, when market attendance declines, the rate of product turnover slows down, prolonging storage outside the cold chain and promoting bacterial proliferation and cross-contamination, while reducing the incentive to maintain equipment hygiene.
On the chemical aspects, the results are all satisfactory, taking into account the histamine (all <100ppm) and TVB-N (Total Volatile Basic Nitrogen) (all < 20mg/100g) values, which are all well below the critical thresholds. These results are consistent with the work of Diéi-Ouadi (2005), who also found histamine and TVBN levels below the values in all his samples of minced sardinella. This reflects the overall satisfactory freshness of the fish used, despite structural difficulties such as in markets with limited access to refrigeration, such as Soumbédioune. This is consistent with the results of DeBeer et al. (2021), who note that good initial hygiene can limit histamine formation even in artisanal contexts. On the other hand, they are better than those of Jorgensen et al. (2005), who found values of around 50mg N/100g of flesh, more than double the regulatory limit. However, a higher value in Kermel (5.58 mg/100g) suggests the onset of deterioration, probably linked to longer storage before sale. This clearly illustrates that modern equipment is not sufficient without rigorous use and compliance with deadlines. This positive chemical result should be qualified by the microbiological contamination observed: even if the fish is not in an advanced state of decomposition, poor hygiene can promote the growth of pathogenic bacteria. It is therefore necessary to maintain vigilance throughout the production chain. Health checks are carried out regularly, but shortcomings remain, particularly with regard to traceability and storage conditions. Furthermore, they appear to be partial, especially in Soumbédioune, where all sellers report never having been inspected. Although hygiene awareness campaigns are organised, their limited frequency reduces their effectiveness. Customer perceptions confirm these weaknesses, highlighting the need to strengthen controls and intensify awareness-raising activities to ensure better health safety for minced fish.

5.Conclusion 
This study has highlighted significant differences in the production, storage and marketing conditions of minced fish in three key markets in Dakar: Pikine, Kermel and Soumbédioune. Although this product is an important nutritional source and an essential component of the Senegalese diet, its processing in a predominantly artisanal setting exposes consumers to significant health risks. The practices observed reveal major shortcomings in terms of hygiene, preservation and compliance with food safety standards.
The absence or weakness of control systems, non-compliant infrastructure, and lack of training for those involved in the minced fish value chain are key factors determining the sanitary quality of the final product. This situation raises significant concerns about the prevention of foodborne diseases, particularly in densely populated urban areas.
It is therefore essential to strengthen regulatory and inspection measures in these markets, improve sanitary infrastructure, and promote good hygiene practices among sellers and processors. In addition, greater involvement of local authorities and veterinary services, as well as better coordination between institutional actors, is essential to ensure effective food risk management.
Beyond the immediate recommendations, this study also paves the way for future research on the socio-economic impacts of minced fish marketing, as well as on consumer perceptions of food safety issues. The implementation of integrated and participatory approaches will be crucial to ensuring sustainable food safety while preserving the economic viability of the artisanal fisheries sector.
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Central Fish Market of Pikine	Kermel Market	Soumbédioune Market	0.85	0.88	0.44	Very Sufficient	
Central Fish Market of Pikine	Kermel Market	Soumbédioune Market	0.03	0.12	0	Markets


Pourcetage of operators




Never	
Central Fish Market of Pikine	Kermel Market	Soumbédioune Market	0.13	0	0.2	Always	
Central Fish Market of Pikine	Kermel Market	Soumbédioune Market	0.8	0.5	0.5	Sometimes	
Central Fish Market of Pikine	Kermel Market	Soumbédioune Market	7.0000000000000007E-2	0.5	0.3	Markets


Pourcentage of customers




[0-5 years[ 	
Central Fish Market of Pikine	Kermel Market	Soumbédioune Market	0.12	0	0	[5-10 years [ 	
Central Fish Market of Pikine	Kermel Market	Soumbédioune Market	0.18	0	0.33	[10-15 years[ 	
Central Fish Market of Pikine	Kermel Market	Soumbédioune Market	0.28999999999999998	0	0.33	[15-20 years[ 	
Central Fish Market of Pikine	Kermel Market	Soumbédioune Market	0.32	0.75	0.34	>	20 years	
Central Fish Market of Pikine	Kermel Market	Soumbédioune Market	0.09	0.25	0	Markets


Pourcentage of sellers/producers 
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