


Evaluation of the criteria for assessing the health quality of canned Sardinella pâté produced by CONDAK and marketed in supermarkets in DAKAR and shops in KEUR MASSAR (Senegal)

Abstract
This study aims to assess the sanitary quality of canned Sardinella pâté (PINTON) produced by the company CONDAK and sold in Dakar's supermarkets and in Keur Massar's shops. It employs a multidimensional approach combining socioeconomic surveys, observations on storage conditions, as well as microbiological, chemical, and organoleptic analyses. The surveys were conducted in 23 shops and 4 supermarkets, involving a total of 111 respondents. The results indicate significant differences between the two distribution channels in terms of storage methods, the education level of sellers (with a higher university level more prominent in large retail stores (Auchan, Exclusive hypermarket, Supeco, and Carrefour Market with 62.5%, 45.5%, 47.4%, and 60% of their staff respectively, and a more notable Quranic study level in small shops (64% of the surveyed staff)), and awareness of hygiene standards.The supermarkets benefit from better storage conditions (air-conditioned shelves) and generally more qualified staff, while the shops, mostly owned by Guineans, have more rudimentary storage practices. Microbiological analyses revealed no presence of Clostridium botulinum or Bacillus cereus, attesting to the safety of the products. Stability tests, carried out at different temperatures (room temperature, in a steam room 32°C for 21 days, and in a steam room 32°C 55°C for 7 days), confirmed the integrity of the cans on the physical level (absence of bulging, leakage, or deformation), and chemical level (stable pH with deviations < 0.5). At the same time, the sensory evaluation showed total compliance (100%) with the perceived quality criteria, both in terms of color (typical brown), odor (specific odor of the species), and texture (mostly tender). CONDAK canned sardinella pâté exhibit satisfactory stability and microbiological safety, regardless of the distribution channel. However, the observed disparities in marketing and storage practices suggest the need to strengthen retailer training and promote uniform hygiene standards nationwide, particularly in the informal sector.
Keywords: pâté, sardinella, conservation, sanitary quality, fish processing.
1. Introduction
[bookmark: _Toc21680]The fisheries sector occupies a strategic place in Senegal's economy and food security. In 2018, it generated a total turnover of approximately 278 billion CFA francs, representing an added value estimated at 80 billion CFA francs, distributed as follows: 60% for the capture segment and 40% for the processing segment, which corresponds to 11% of the primary gross domestic product (GDP) and 3.2% of the country's total GDP (Mballo, 2018). Beyond its economic contribution, fisheries play a central role in feeding populations, with nearly 70% of animal protein intake coming from fishery products (Kébé, 2008; FAO, 2020).
Given this multidimensional importance, public authorities, private actors and development partners have encouraged the local promotion of fishery products, particularly through the establishment of processing units (Béné et al., 2016; Belhabib et al., 2015). These structures, of which CONDAK is a representative example, actively participate in the creation of added value through various processed products, including canned sardinella pâté, locally called PINTON. This product, packaged in airtight containers and subjected to rigorous heat treatment, offers the advantage of a long shelf life at room temperature (Elias and Carpentier, 2010; Roberfroid et al., 2012).
However, the sanitary stability of these canned foods can be influenced by post-manufacturing exposure conditions, including variations in ambient temperature and humidity depending on the point of sale. Indeed, in large urban stores in Dakar, products are generally stored in air-conditioned sections, while in shops in peripheral neighborhoods, such as those in Keur Massar, storage conditions are often rudimentary and poorly controlled (Diallo et al., 2019; Fall et al., 2020). These differences raise concerns about the health quality and safety of foods exposed to potentially degrading conditions, which can affect the organoleptic, microbiological, and chemical properties of the product (Goulet and Legros, 2017; Codex Alimentarius, 2019).
Furthermore, beyond the sanitary aspects, the analysis of marketing channels, shelf life, as well as the socio-economic impacts linked to this sector would allow a global understanding of the issues linked to the processing and distribution of PINTON (Belton et al., 2018; FAO, 2021).
It is in this context that the present study, entitled: " Evaluation of the criteria for assessing the health quality of canned sardinella pâté (PINTON) produced by CONDAK and marketed in large supermarkets in Dakar and shops in Keur Massar " was carried out. The general objective of this research was to study the effect of preservation methods on the health quality of canned sardinella pâté marketed in different distribution channels in Dakar and Keur Massar. More specifically, it involves to:
· Identify marketing channels, exposure duration and product preservation methods;
· Evaluate the sanitary quality (organoleptic, microbiological, chemical) of sardinella pâté according to the points of sale;
· Analyze the socio-economic implications of the marketing of sardinella pâtés in Senegal.
2. Study methods​
[bookmark: _Toc32269]2.1. Survey method
For the smooth running of the surveys during this work, two survey sheets were designed to collect the maximum information on the product (PINTON).
On the one hand, a sheet consisting of eighteen (18) questions generally intended for shopkeepers and workers in supermarkets in order to have information on the number of employees, customers, the proportion of the sample per store, etc. On the other hand, a sheet consisting of fifteen (15) questions for customers .The sheets were developed to have ideas concerning the method of conservation of sardinella pâté, their shelf life and certain socio-economic aspects of sardinella pâté such as employability and prices (sale and purchase), etc. Thus, to do this, the surveys took place at the level of twenty-three (23) shops in Keur Massar and four (4) supermarkets, including the Auchan of Soprime, the Exclusive Hypermarket of NDV (North Relief Road), the Carrefour Market of the West corniche and the SUPECO of Golf.
The samples of shops and supermarkets surveyed are reported in Tables 1 and 2 below:
[bookmark: _Toc195701519]Table 1: Survey technique at the store level
	

Elements
	
List of
shops
	
Number of workers
	
Number of people surveyed
	
Sample proportion
by store

	










Shops (B)










	B1
	4
	3
	75%

	
	B2
	3
	3
	100%

	
	B3
	2
	2
	100%

	
	B4
	4
	3
	75%

	
	B5
	2
	1
	50%

	
	B6
	3
	2
	75%

	
	B7
	4
	4
	100%

	
	B8
	2
	1
	50%

	
	B9
	4
	3
	75%

	
	B10
	2
	2
	100%

	
	B11
	1
	1
	100%

	
	B12
	4
	3
	75%

	
	B13
	3
	3
	100%

	
	B14
	2
	2
	100%

	
	B15
	2
	1
	50%

	
	B16
	2
	2
	100%

	
	B17
	1
	1
	100%

	
	B18
	2
	2
	100%

	
	B19
	4
	3
	75%

	
	B20
	2
	2
	100%

	
	B21
	1
	1
	100%

	
	B22
	3
	3
	100%

	
	B23
	2
	2
	100%

	Totals
	23 shops
	59
	50
	88.04%


[bookmark: _Toc195701520]
Table 2: Survey technique at the level of large areas (supermarket)
	
Elements
	List of large areas
	Number of people in charge of
Canned goods
	Number of people surveyed
	Proportion of sample per store

	

Large
Ereas(Supermarket)
	Auchan
	18
	16
	89%

	
	Exclusive Hypermarket

	12
	11
	92%

	
	Carrefour Market
	15
	15
	100%

	
	Supeco
	21
	19
	89%

	Total​
	4
	66
	61
	92.5%


[bookmark: _Toc14279]
2.2 Sampling method 
[bookmark: _Hlk211600120]The sampling was done as follows: First the purchase of PINTON at 4 shops in Keur Massar, at the Exclusive Hypermarket located on the VDN and at the Auchan of Soprime. Then, 60 PINTON were purchased in total with prices varying between 1300 and 1500fcfa. Among the 60 cans, 40 came from the shops, 10 were purchased at the exclusive Exclusive Hypermarket and the other 10 at the Auchan of Soprime. The PINTON are placed in a cooler during the journey to not only preserve the products but also prevent the cans from denting. The samples were identified at help of a code of levy digital compound of place and of their date sampling. The samples thus taken are sent to the various laboratories for chemical and microbiological analysis, as well as testing relating to the stability of the product.

2.3 Canned food stability test
The test consists of subjecting a sample of canned goods to a steaming process, then checking that this incubation has not caused any significant changes compared to a non-steamed control. Canned goods with normal packaging, i.e., with no bulges, leaks, or flocking, were chosen for steaming. These packages are carefully cleaned and the labels are removed. The canned goods are subjected to a double steaming process:
· at 32°C for 21 days;
· at 55°C for 7 days ;
· and the control-cans are kept at room temperature for 21 days
The results were taken as follows:
· Remove the probe from the distilled water;
· Rinse it (with distilled water) and dry it gently;
· Dip the probe into the can of sardinella pâté;
· Wait for stability (a few seconds);
· Read the value.
3. Results
[bookmark: _Toc23714]3.1 Results of investigations 
[bookmark: _Toc21262]3.1.1 Ages of the people surveyed
Table 3 below shows the age distribution by supermarket and boutique.
[bookmark: _Toc195701521]Table 3: Age distribution by store and supermarket
	
         Structures


Age groups

	Large areas
	


Shops

	
	

Auchan
	

Exclusive Hypermarket
	

Supeco
	

Carrefour Market
	

	15 to 20 years old
	11
	12
	10
	10
	5

	21 to 30 years old
	22
	20
	21
	25
	9

	31 to 40 years old
	9
	14
	10
	10
	27

	41 to 50 years old
	6
	10
	8
	12
	14

	50 years and over
	12
	4
	11
	3
	5

	
Total surveyed
	
60
	
60
	
60
	
60

	
60


The Table 3 shows that all the age groups surveyed are represented in both supermarkets and shops. However, people aged 21 to 30 years, or 36.66% of all age groups, are more present in supermarkets than in shops, while people aged 31 to 40 years, or 45% of all age groups, are more present in shops compared to supermarkets.
[bookmark: _Toc30399]3.1.2. Distribution of genders according to shops and supermarkets
The figure 1 shows the distribution of genders (Men and Women) according to supermarkets and boutiques. 
[bookmark: _Toc195702776] 
Figure 1: Distribution of genres
Regarding gender distribution, the majority of respondents are women. Indeed, they are more present in shops (98%) compared to supermarkets (89% at Supeco, 85% at Auchan, 78% at hypermarket (Exclusive hypermarket) and 72% at Carrefour market).
[bookmark: _Toc12799]3.1.3 Level of education of people surveyed according to shops and supermarkets
The level of education of workers in shops and supermarkets was questioned and the results obtained are recorded in the table 4.
[bookmark: _Toc195701522]



Table 4: Level of education of the people surveyed
	
           Structures


Level of study
	Large areas
	

Shops

	
	
Auchan
	
Exclusive Hypermarket
	
Supeco
	
[bookmark: _Hlk211619050]Carrefour market
	

	
	16
	11
	19
	5
	50

	Primary
	0%
	0%
	0%
	0%
	16%

	Secondary
	37.5%
	18.2%
	21%
	20%
	12%

	[bookmark: _Hlk211619134]University
	62.5%
	45.5%
	47.4%
	60%
	2%

	Koranic School
	0%
	9.1%
	0%
	0%
	64%

	Illiterate
	0%
	27.3%
	31.6%
	20%
	6%


The analysis of Table 4 shows a diversity of educational level depending on the structures. Respondents in supermarkets have a higher educational level with an average of 54%. However, in shops, the majority of respondents have the dominant Quranic educational level with an average of 64%.
[bookmark: _Toc7100]3.1.4 Distribution of owners of structures (Men or women, Senegalese or other country)
Table 5 shows the distribution of owners of structures (men or women, Senegalese or other countries) according to large areas and boutiques.
[bookmark: _Toc195701523]Table 5: Distribution of owners of shops and supermarkets by country
	       Structures

Owners
	Large areas
	Shops

	
	Auchan
	Exclusive Hypermarket
	Supeco
	Carrefour market
	

	Senegalese
	
	
	
	
	30%

	Guineans
	
	
	
	
	70%

	French
	100%
	
	
	
	

	Indians
	
	100%
	
	
	

	CFAO (French Company of West Africa)
	
	
	100%
	100%
	


In light of Table 5, which describes the distribution of shop and supermarket owners in the Senegalese capital, survey results confirm that the majority of supermarkets are foreign-owned. For example, Auchan is French-owned, while Exclusive Hypermarket is exclusively Indian-owned. Carrefour and Supeco are CFAO (French Company of West Africa) structures. The survey also reveals that 70% of shopkeepers are Guineans, compared to 30% Senegalese.
[bookmark: _Toc8380]3.1.5. Selling prices of products in shops and supermarkets 
Questioning stakeholders about the selling prices of products in shops and supermarkets gave the results shown in Table 6 below.
[bookmark: _Toc195701524]Table 6: Selling prices of Sardinella pâtés in shops and supermarkets
	
       Structures



Price variation

	Large surfaces (GS)
	

Shops





	
	
Auchan

	
Exclusive Hypermarket

	
Supeco

	
Carrefour market 
	

	Wholesale price (FCFA)
	35400
	39600
	31680
	33660
	34800-38400

	Price of a can (FCFA)
	1475
	1650
	1320
	1390
	1450-1600


The analysis of table 6 shows a variation in wholesale and retail prices depending on the supermarkets and shops concerned. The highest value of the price of PINTON in supermarkets is recorded by the exclusive hypermarket (1650 FCFA) or a difference of 330 FCF with the smallest value (1320 FCFA) recorded by Supeco. In addition, it is therefore noted in supermarkets a variation in the retail price between 1320 and 1650 FCFA or an average of 1485 CFCA per pot while in shops the retail prices vary between 1450 and 1600 FCFA or an average of 1525 FCFA.
Note: The wholesale price refers to the price of a case containing 24 cans.


[bookmark: _Toc19717]3.1.6 Product sales level according to structure

[bookmark: _Toc195701525]table 7: Level of sales of Sardinella pâté in shops and supermarkets
	
        Structures



Quantity
	Large areas
	

Shops





	
	
Auchan




	
Exclusive Hypermarket




	
Supeco




	
Carrefour market




	

	Number of boxes sold per month (FCFA)
	150
	600
	60
	300
	1-10

	Value (FCFA)
	5310000
	23760000
	1900800
	10098000
	33600-320000


The analysis of table 7 shows that the number of cartons sold per month in supermarkets varies between 60 and 600 cartons for values between 1,900,800 and 23,760,000 FCFA, i.e. a difference of 21,859,200 FCFA between the supermarket that sells the most and the one that sells the least. The highest value of the number of cartons sold per month (600) is recorded by the exclusive hypermarket while the smallest (60) is noted at Supeco. Concerning the shops, the number of boxes sold per month varies between 1 and 10 boxes per shop for values between 33,600 and 320,000 FCFA, i.e. a difference of 286,400 FCFA between the shop which sells the most boxes per month and the one which sells the least.
[bookmark: _Toc20606]3.1.7 Shopkeepers' and shelf-stackers ' knowledge of hygiene and quality of pâté 
During this study, it was also a question of seeing whether shopkeepers as well as sellers in supermarkets have knowledge about the hygiene aspects and the quality of processed fish products (pâté in particular).
The following figure 2 illustrates the notion of shopkeepers and actors on the hygiene and conservation of pâté (yes or no).
[bookmark: _Toc195702777] 
Figure 2: Study on the hygiene and quality of canned food
The analysis of this figure reveals that, with regard to the hygiene and quality of canned goods, supermarkets have a greater control over hygiene and quality standards (95% at Auchan, 88% at Exclusive Hypermarket, 74% at Supeco and 62% at Carrefour market) compared to shops (25%). However, the hygiene and quality of canned goods remain less appreciated in shops (85%). However, in supermarkets, a small proportion of respondents do not have control over these standards (5% at Auchan, 12% at Exclusive Hypermarket, 26% at Supeco and 38% at Carrefour).
[bookmark: _Toc16002]3.1.8 Maximum duration for the sale of stock 
According to the surveys conducted in this work, the results relating to the maximum duration for the sale of a stock reveal that the product sells faster in supermarkets than in shops. Moreover, in this study, the surveys were carried out largely in shops which in turn obtain their supplies from wholesalers.
[bookmark: _Toc5849]3.2 Results of organoleptic analyses
At the end of this study, the results of organoleptic analysis relating to the color, smell and texture of sardinella pâté are shown in Tables 8  below:
· Color
[bookmark: _Toc195701526]Table 8 : Results of organoleptic analyses relating to the color of PINTON Sardinella pâté
	                 Color
Samples
	Brunette

	Pink

	A
	100%

	0%

	B
	100%

	0%



A: supermarket of Dakar
B: shops at Keur Massar shop
The analysis of Table 8 shows a 100% dominance of the brown color in both supermarkets and shops. The products subjected to organoleptic analysis of the color of the pâté are satisfactory because they retain the typical characteristics of a good quality sardinella pâté.
· Smell
[bookmark: _Toc195701527]Table 9: Results of organoleptic analyses relating to the odor of PINTON Sardinella pâtés
	        Odors

Samples
	Odor of the product (PINTON)
	Loss of smell
	Bad smell

	supermarkets
	
100%
	
0%
	
0%

	Shops
	
100%
	
0%
	
0%



The analysis of Table 9 shows that the odor of the species (sardinella) dominates 100% over the other criteria and this is noted in all the samples analyzed. Therefore, from the point of view of odor, no change was noted on the products coming from the shops as well as the supermarkets.
· Texture
[bookmark: _Toc195701528]Table 10: Results of organoleptic analyses relating to the texture of PINTON Sardinella pâtés
	            Textures
Samples
	Tender

	Soft

	Supermarkets
	100%

	0%

	Shops
	80%
	20%


Regarding product texture, 100% of reviewers attested that the product had a soft texture in the samples taken in supermarkets. However, in shops, 80% of testers stated that the product had a soft texture, while 20% considered it to have a soft texture.
[bookmark: _Toc193834033][bookmark: _Toc17309]3.3. Stability test results  
[bookmark: _Toc193833652]The results shown in Table 11 below represent the results of the stability test ( Appearance of the box, Color defects, Odor of the product ) of the PINTON pots sampled at four stores and two supermarkets subjected to different temperatures. First at room temperature in the laboratory (25 o C) for 21 days, then in the oven (32 o C for 21 days and 55 o C for 7 days).
[bookmark: _Toc195701529]Table 11: Results of the can stability test (stability test)
	      Structures

Criteria
	Supermarkets
	Shops (B)

	
	Exclusive hypermarket
	Auchan
	B1
	B2
	B3
	B3

	Appearance of the box
	
Normal
	
Normal
	
Normal
	
Normal
	
Normal
	
Normal

	Coloring defects
	
Absence
	
Absence
	
Absence
	
Absence
	
Absence
	
Absence

	Product odor
	
Normal
	
Normal
	
Normal
	
Normal
	
Normal
	
Normal


The analysis of Table 11 revealed a total absence of coloring defects in the jars sampled in the shops as well as those from supermarkets regardless of the temperature applied to the preserves. It was noted that the appearance of the cans and the smell of the products are normal in all samples combined and this also despite the differences in temperatures on the preserves.
Table 12: pH results at room temperature, 32°C for 21 days and 55°C for 7 days
	[bookmark: _Toc195701530][bookmark: _Toc195703878][bookmark: _Toc195616139]

[bookmark: _Toc195616083][bookmark: _Toc195703822][bookmark: _Toc1320]Temperatures
	[bookmark: _Toc195703823][bookmark: _Toc28021][bookmark: _Toc195616084]                                                                                    
         Structures

pH 
Samples 
	 Supermarkets
	[bookmark: _Toc11173][bookmark: _Toc195703825][bookmark: _Toc195616086]Shops

	
	
	
[bookmark: _Toc9645][bookmark: _Toc195703826][bookmark: _Toc195616087]Auchan
	
[bookmark: _Toc195703827][bookmark: _Toc3147][bookmark: _Toc195616088]Exclusive Hypermarket

	
[bookmark: _Toc195703828][bookmark: _Toc195616089][bookmark: _Toc25599]B1
	
[bookmark: _Toc23853][bookmark: _Toc195616090][bookmark: _Toc195703829]B2
	
[bookmark: _Toc195616091][bookmark: _Toc18415][bookmark: _Toc195703830]B3
	
[bookmark: _Toc16182][bookmark: _Toc195616092][bookmark: _Toc195703831]B4

	 Room temperature  
	
[bookmark: _Toc195703834][bookmark: _Toc25548][bookmark: _Toc195616095]pH can 1


	[bookmark: _Toc195616096][bookmark: _Toc21865][bookmark: _Toc195703835]6.32
	[bookmark: _Toc11446][bookmark: _Toc195616097][bookmark: _Toc195703836]6.05
	[bookmark: _Toc195616098][bookmark: _Toc195703837][bookmark: _Toc2894]6.15
	[bookmark: _Toc195703838][bookmark: _Toc18231][bookmark: _Toc195616099]6.15
	[bookmark: _Toc195703839][bookmark: _Toc15577][bookmark: _Toc195616100]6.08
	[bookmark: _Toc3729][bookmark: _Toc195616101][bookmark: _Toc195703840]6.30

	
	[bookmark: _Toc195703841][bookmark: _Toc13698][bookmark: _Toc195616102]pH can 2

	[bookmark: _Toc195616103][bookmark: _Toc4238][bookmark: _Toc195703842]6.29
	[bookmark: _Toc195616104][bookmark: _Toc25408][bookmark: _Toc195703843]6.05
	[bookmark: _Toc195616105][bookmark: _Toc1368][bookmark: _Toc195703844]6.16
	[bookmark: _Toc16244][bookmark: _Toc195703845][bookmark: _Toc195616106]6.15
	[bookmark: _Toc195616107][bookmark: _Toc8999][bookmark: _Toc195703846]6.08
	[bookmark: _Toc195703847][bookmark: _Toc10344][bookmark: _Toc195616108]6.32

	

[bookmark: _Toc195703848][bookmark: _Toc195616109][bookmark: _Toc5188]T = 32 o C

	[bookmark: _Toc195616110][bookmark: _Toc30662][bookmark: _Toc195703849]pH can 1

	[bookmark: _Toc18989][bookmark: _Toc195703850][bookmark: _Toc195616111]6.30
	[bookmark: _Toc17830][bookmark: _Toc195703851][bookmark: _Toc195616112]6.07
	[bookmark: _Toc32482][bookmark: _Toc195616113][bookmark: _Toc195703852]6.07
	[bookmark: _Toc195703853][bookmark: _Toc195616114][bookmark: _Toc1316]5.98
	[bookmark: _Toc195616115][bookmark: _Toc195703854][bookmark: _Toc32170]6.06
	[bookmark: _Toc20132][bookmark: _Toc195616116][bookmark: _Toc195703855]6.24

	
	[bookmark: _Toc195703856][bookmark: _Toc22212][bookmark: _Toc195616117]pH can 2

	[bookmark: _Toc3368][bookmark: _Toc195703857][bookmark: _Toc195616118]6.32
	[bookmark: _Toc195703858][bookmark: _Toc195616119][bookmark: _Toc32228]6.07
	[bookmark: _Toc12132][bookmark: _Toc195616120][bookmark: _Toc195703859]6.07
	[bookmark: _Toc4470][bookmark: _Toc195616121][bookmark: _Toc195703860]6.05
	[bookmark: _Toc195703861][bookmark: _Toc17019][bookmark: _Toc195616122]6.08
	[bookmark: _Toc195616123][bookmark: _Toc195703862][bookmark: _Toc14573]6.30

	

[bookmark: _Toc195703863][bookmark: _Toc19330][bookmark: _Toc195616124]T= 55 o C
	[bookmark: _Toc195616125][bookmark: _Toc15027][bookmark: _Toc195703864]pH can 1

	[bookmark: _Toc195703865][bookmark: _Toc7742][bookmark: _Toc195616126]6.04
	[bookmark: _Toc195616127][bookmark: _Toc11894][bookmark: _Toc195703866]5.82
	[bookmark: _Toc8890][bookmark: _Toc195616128][bookmark: _Toc195703867]5.81
	[bookmark: _Toc18600][bookmark: _Toc195616129][bookmark: _Toc195703868]5.81
	[bookmark: _Toc195703869][bookmark: _Toc17892][bookmark: _Toc195616130]5.97
	[bookmark: _Toc7849][bookmark: _Toc195616131][bookmark: _Toc195703870]6.07

	
	[bookmark: _Toc195703871][bookmark: _Toc18843][bookmark: _Toc195616132]pH can 2

	[bookmark: _Toc195616133][bookmark: _Toc29936][bookmark: _Toc195703872]6.03
	[bookmark: _Toc195703873][bookmark: _Toc19110][bookmark: _Toc195616134]5.82
	[bookmark: _Toc195703874][bookmark: _Toc28120][bookmark: _Toc195616135]6.02
	[bookmark: _Toc21750][bookmark: _Toc195703875][bookmark: _Toc195616136]5.82
	[bookmark: _Toc13421][bookmark: _Toc195616137][bookmark: _Toc195703876]5.88
	[bookmark: _Toc195703877][bookmark: _Toc195616138][bookmark: _Toc709]6.07


[bookmark: _Toc4086][bookmark: _Toc193834034]The table 12 relating to the evolution of the pH of cans subjected to different temperatures compared to the ambient temperature (Room temperature) of the laboratory shows : First, for cans from supermarkets and subjected to 32 ° C in the oven, pH variations were noted with higher averages in these cans compared to the average of those placed at room temperature. Similarly, these pH variations are also noted in cans taken from stores and subjected to 32 ° C with higher averages this time in cans placed at room temperature. Conversely, the same variations in pH values were noted in cans incubated at 55 ° C in the oven with lower averages compared to cans placed at room temperature. However, it is interesting to note that the standard deviations in pH between cans placed at room temperature and those incubated at 32 ° C and 55 ° C in the oven did not in any case exceed the fixed value of 0.5.
3.4. Results of microbiological analyses
Table 13: Results of microbiological analyses of Bacillus cereus
	Germs tested (CFU/g)
	Samples
	Results
	Value
of reference
	Reference Method Used

	


Bacillus
  cereus
	Auchan
	Not detected/g
	Not detected/g
	NF EN ISO 7932

	
	Exclusive Hypermarket
	Not detected/g
	Not detected/g
	NF EN ISO 7932

	
	Shop-1
	Not detected/g
	Not detected/g
	NF EN ISO 7932

	
	Shop-2
	Not detected/g
	Not detected/g
	NF EN ISO 7932

	
	Shop-3
	Not detected/g
	Not detected/g
	NF EN ISO 7932

	
	Shop-4
	Not detected/g
	Not detected/g
	NF EN ISO 7932


The analysis of Table 13 reveals a total absence of Bacillus cereus both in supermarkets (Auchan, Hypermarket) and in shops (1, 2, 3 and 4). 
The following table illustrates the results of microbiological analyses of Clostridium botulinum.
[bookmark: _Toc195701531]Table14: Results of microbiological analyses of Clostridium botulinum
	Germs tested (CFU/g)
	Samples
	Results
	Value
Reference
	Reference Method Used

	


Clostridium
botulinum
	Auchan
	Not detected/g
	Not detected/g
	Anaerobic

	
	Exclusive Hypermarket
	Not detected/g
	Not detected/g
	Anaerobic

	
	Shop 1
	Not detected/g
	Not detected/g
	Anaerobic

	
	Shop 2
	Not detected/g
	Not detected/g
	Anaerobic

	
	Shop 3
	Not detected/g
	Not detected/g
	Anaerobic

	
	Shop 4
	Not detected/g
	Not detected/g
	Anaerobic


Regarding Clostridium botulinum, the analysis also shows a total absence in all samples.
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	Searched parameters
	Histamine
(ppm)
	TVB-N (mg /100g)
	Nacl content (%)
	Fats (%)
	Proteins (%)

	Samples
	
	
	
	
	

	Auchan
	2.05
	4.72
	0.60
	9.48
	28.9

	Exclusive Hypermarket
	2.85
	6.42
	0.39
	16.9
	16.90

	Shop 1
	2.05
	3.07
	0.34
	10.18
	17.80

	Shop 2
	7.98
	11.74
	0.5
	12.03
	26.10

	Shop 3
	2.05
	6.14
	0.43
	15.73
	8.46

	Shop 4
	6.36
	8.63
	0.61
	15.60
	25.95


The analysis of Table 14 shows the presence of histamine, TVB-N (Total volatile basic nitrogen), NaCl, fats and proteins content in both supermarkets and shops. However, the Histamine content is higher in shops (B2: 7.89 ppm and B4: 6.363 ppm) compared to supermarkets (Auchan 2.05 ppm and Exclusive Hypermarket 2.85 ppm). The TVB-N content remains higher in shops (B2: 11.7480 mg/100g and B4: 8.6308 mg/100g) compared to supermarkets (Auchan 4.721 mg/100g and Exclusive Hypermarket 6.423 mg/100g). The NaCl content was higher in the shops (B4: 0.614 %) compared to the supermarkets (Auchan 0.6 % and Exclusive Hypermarket 0.39 %). Regarding fat, the loads were higher in the samples collected at Auchan (16.9 %) compared to the shops (15.735 % for B3, 15.603 % for B4, 12.0399 % for B2 and 10.189% for B1). However, the lowest load is noted at the Exclusive Hypermarket (9.484 %). For proteins, the highest content was noted at Auchan (28.9 %) followed by the B4 shop (25.95 %). However, the lowest content is recorded at the B3 shop (8.462 %).	
4. DISCUSSION
	The results obtained on the distribution of actors according to age group reveal that people aged 21 to 30 (36.66%) are more present in supermarkets, while those aged 31 to 40 (45%) dominate the shops circuit. This demographic structure suggests an earlier integration of young people into formal distribution channels, which is in line with the results of Sow et al. (2025), who noted a similar dynamic in fishmongers in Senegalese urban centers. However, these results differ from those reported by Niane and al. (2020), who observed a preponderance of the 31- 45 age group in informal fresh fish distribution channels in Dakar. This observation could be explained by the fact that the products studied here (canned fish pâté) require logistical and commercial skills that are more present among younger people, who are more often trained in modern sales methods.
The results relating to educational level show that 54% of respondents in supermarkets have at least a baccalaureate level, compared to 64% with Koranic education as their only background in stores. These results corroborate the findings of Kuepie and Nordman (2016), according to which formal   recruit more qualified profiles to ensure compliance with traceability, conservation and health safety standards. This is also in line with the work of Belton and al. (2018), who highlight that the level of education is a determining factor in integration into structured agri-food circuits. On the other hand, the absence of formal requirements in store recruitment, often based on community networks, is consistent with the observations of Diop (2019) on the logic of informal integration through ethnic or religious proximity.
Regarding the nationality of owners, the results show a strong predominance of foreigners at the head of supermarkets (notably French for Auchan, Indians for Hypermarket and CFAO for Supeco and Carrefour), while 70% of store owners are Guinean. This diversity in the structuring of actors shows the concentration of certain nationalities in specific commercial niches in Dakar. However, these results are in contrast to those of Kénémé (2024), who argues that foreigners operate mainly in market segments that are not popular with Senegalese. This divergence can be explained by the difference in methodology. Kénémé (2024) focused on unprocessed artisanal products, while this study focuses on industrial canned goods, with high commercial added value.
The results on average prices revealed a slight variation between supermarkets (1,485 FCFA) and shops (1,525 FCFA), a difference of 40 FCFA. This difference, although moderate, could be explained by the economies of scale and commercial agreements enjoyed by supermarkets, which allow them to reduce unit margins, as demonstrated by Touré et al. (2018). Furthermore, this variation is consistent with the analyses of Faye and al. (2021), which showed that informal channels, due to their higher supply costs and larger safety margins, often apply higher prices than modern structures.
The results regarding monthly sales volumes highlight a significant disparity: supermarkets sell between 60 and 600 boxes per month, while shops only sell 1 to 10. This difference can be attributed to several factors: the high storage capacity of supermarkets, their wide product range, as well as a more diverse customer base. These observations are consistent with the findings of Doumbia and al. (2021), who highlight the multiplier effect of integrated supply chains on business performance. Furthermore, Belton and al. (2018) showed that units with advanced preservation infrastructure achieve significantly higher sales levels in West African markets.
The results relating to product flow revealed that canned Sardinella pâté sell more quickly in supermarkets. This speed of flow is explained in particular by indirect sales made via restaurateurs, breakfast vendors, as well as certain families, who stock up directly in these structured spaces. This clearly illustrates the pivotal role that supermarkets play in the urban commercial network. This dynamic is consistent with the work of Sonnenberg (2012) on modern distribution channels, and resonates with that of Chaléard (2017), who highlighted the existence of functional links between formal and informal trade in African cities, notably through cross -supply practices.
The organoleptic analysis of the product showed a 100% dominance of the brown color in both supermarkets and shops. The products subjected to organoleptic analysis of the color of the pâté are satisfactory because they retain the beautiful color of a good quality sardinella pâté. Regarding the smell, the results attested that the smell of the fish  dominates 100% in all the samples analyzed. So from the point of view of smell, no change was noted on the products coming from the shops as well as the supermarkets. Regarding the texture of the products, 100% of the evaluators attest that the product is tender in the samples taken in the supermarkets. However, in the shops 80% of the testers affirm that the product has a tender texture against 20% who consider that the product has a soft texture. The results of the stability control of the cans are considered satisfactory, with a compliance rate of 100%. The cans from different shops and supermarkets were subjected to incubations at varying temperatures (ambient, 32°C and 55°C). These results are consistent with those of Ka (2024) and Lachelili and Kobzili (2017), who also obtained a rate of 100% when studying the stability of sardine cans. These indifferences could be justified by the fact that the supplier meets the microbiological criteria required for canned foods of animal origin Tarley and al (2001), and these results may be due to compliance with strict hygiene practices during production and an effective sterilization process. 
The results of microbiological analyses carried out on samples of canned sardinella pâté, collected from supermarkets and shops, reveal a total absence of Bacillus cereus and Clostridium botulinum. This microbiological sterility complies with the requirements of Decree No. 59-104 of May 19, 1959, relating to the manufacture and control of sterilized canned fish. These observations are in agreement with those of Essid (2022), who did not detect any of these germs in canned sardine pâtés, suggesting a rigorous application of good hygiene practices (GHP) and manufacturing. Similarly, Djenane et al. (2011) demonstrated that sterilization is effective for the complete elimination of C. botulinum spores in canned fish, which also seems to be the case in our study.
Regarding total volatile basic nitrogen (TVBN), an indicator of protein degradation by microbial activity, the highest concentrations were recorded in samples from shops (B2: 11.7480 mg/100g; B4: 8.6308 mg/100g), while those from supermarkets remained lower (Auchan: 4.721 mg/100g; Hypermarket: 6.423 mg/100g). All these values remain below the maximum regulatory threshold set at 20 mg/100g. Contrary to the results of this study, Diagne (1996) reported TVBN levels exceeding this limit in canned fish, which could be explained by the use of lower quality raw materials or inadequate sterilization processes. On the other hand, Lázaro et al. (2016) point out that sterilization processes often result in breakdown or loss of volatile amines, supporting the hypothesis that canned foods, even from separate outlets, retain good post-sterilization biochemical stability.
Regarding histamine, a potentially toxic biogen, the highest levels were observed in shops (B2: 7.89 ppm; B4: 6.36 ppm), while samples from supermarkets showed lower levels (Auchan: 2.05 ppm; Hypermarket: 2.85 ppm). These results remain well below national (Order No. 00496 of February 11, 2005) and international (EC Regulation No. 2073/2005; FDA) standards. Similar work by Taylor (1986) showed that concentrations below 50 ppm are generally safe for health. In parallel, Emborg and Dalgaard (2006) demonstrated that maintaining the cold chain and applying GHP significantly reduce histamine production in processed seafood, which corroborates the results obtained in this study also similarly to the studies by Tunç and al. (2025), which found average histamine levels of 7.05 ± 1.07 ppm, 4.09 ± 0.32 ppm, and 4.67 ± 0.58 ppm in canned tuna, sardines, and anchovies, respectively. Furthermore, the results of this study are better than those of Simunovic and al. 2019, who found high levels of histamine in their canned tuna and canned mackerel samples, with respective rates of 1112 mg/kg and 412 mg/kg.
Protein levels vary significantly between different outlets. The sample from Auchan has the highest content (58.9%), followed by B4 (25.95%), while the lowest content is observed in B3 (8.462%). This variability could be related to differences in manufacturing batches or the proportions of fish used. These observations are comparable to the results of Kouakou et al. (2013), who reported protein levels ranging from 10 to 60% in canned fish depending on the proportion of flesh and additives used. The same applies to the studies by Shulgina and al. 2023, which found protein contents ranging from 13.7 to 15.5% in sardine cans from the Far East. Furthermore, Gokoglu et al. (2004) point out that technological processes, such as grinding or the addition of plant matter, significantly influence the final protein content.
Regarding sodium chloride (NaCl) content, a predominance was noted in samples from shops (B4: 0.614%) compared to those from supermarkets (Auchan: 0.6%; Hypermarket: 0.39%). This variation could result from differences in formulations or preservation techniques specific to each manufacturer. Similar data were reported by Özden and Erkan (2008), who found variable salt content between fish products depending on technological objectives (taste, preservation) and regional preferences. The same applies to the work of Tunç and al. (2025), who found variable salt contents in their canned tuna, sardine, and anchovy samples, with respective values of 1.18 ± 0.03%, 1.80 ± 0.09%, and 1.91 ± 0.09%. It is also known that salt acts as an antimicrobial agent, which may also explain its differential use.
Fat analysis revealed higher levels in samples from Auchan (16.9%) and some shops (B4: 15.735%; B3: 15.603%), while the lowest level was observed in the Hypermarket sample (9.484%). These differences could be due to the nature of the fish used (species, natural lipid content) or the addition of oils during processing. These results are in line with those reported by Şengör et al. (2005), who showed that fat levels in canned fish can vary between 8% and 20% depending on the manufacturing processes, species and catch period. The work of Shulgina and al. (2023), showing fat contents ranging from 14.3 to 17.4% in canned fish, is in line with the present study.
5. Conclusion
The study conducted on PINTON brand canned sardinella pâté allowed for a rigorous assessment of their health quality through an approach combining microbiological, physicochemical, organoleptic analyses and socio-economic observations on distribution practices. The results highlighted satisfactory stability of the products in microbiological (absence of pathogenic germs), chemical (stable pH) and organoleptic (compliance with sensory criteria) terms, regardless of the distribution channels or storage conditions tested.
However, the study also revealed notable disparities in conservation practices and hygiene knowledge between formal (supermarkets) and informal (neighborhood shops) outlets, which could potentially influence the perceived quality or commercial lifespan of the product.
These results confirm the reliability of the transformation process implemented by the production unit, while highlighting the need for increased supervision of the distribution channel. In particular, targeted awareness-raising and training of retailers, particularly in the informal sector, appear essential to ensure continuous control of health quality right through to the end consumer.
Ultimately, this study opens up prospects for the generalization of good hygiene practices in the distribution chain of processed fish products in Senegal, and could serve as a basis for the development of national standards for the quality control of artisanal or semi-industrial preserves.
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Men (%)	
Auchan	Hypermarket	Supeco	Carrefour market	Shops	15	22	11	28	2	Women (%)	
Auchan	Hypermarket	Supeco	Carrefour market	Shops	85	78	89	72	98	Survey and sampling sites


PERCENTAGE%




YES (%)	
Auchan	Hypermarket	Supeco	Carrefour market	Shops	95	88	74	62	25	NO (%)	
Auchan	Hypermarket	Supeco	Carrefour market	Shops	5	12	26	38	75	Survey and sampling sites


PERCENTAGE%







