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ABSTRACT

	Aims: Kiosks are informal restaurants that are rapidly growing in Côte d'Ivoire, offering a variety of meals. This study focuses on the food safety practices of vendors and customers at these kiosks, as well as the microbiological load of the most sold dish, "spaghetti." The aim is to contribute to the healthiness of dishes prepared and sold at these kiosks. 
Methodology: Surveys were conducted to identify the main causes of health risks among 62 vendors and 78 consumers of these kiosks. Additionally, microbiological analysis of samples of "spaghetti" dishes prepared in these kiosks and of utensils was performed. 	Comment by w3t: Inlude sampling method and microbiological method
Results: The surveys revealed a significant representation of men (85%) in this sector. The activity was primarily conducted by uneducated individuals (73%), and the prices set are affordable for everyone. The clientele was mainly young (64%) and single (86%). Meat spaghetti represented the most sold dish. Hygiene and food safety regulations were not adhered to by kiosk operators and customers. The microbiological analysis indicated high contamination of spaghetti samples and utensils. Aspergillus flavus, A. niger, and Penicillium sp. were isolated from the utensils, while only Penicillium sp. was found in the spaghetti dish. The average loads were 6.6 ± 0.3 x 104 to 2.2 ± 0.2 x 105 CFU/g for total aerobic mesophilic bacteria, 6.8 ± 0.6 x 102 to 7.3 ± 0.5 x 104 for staphylococci, 2.8 ± 0.3 x 104 to 6.0 ± 0.1 x 104 for total coliforms, and 1.3 ± 0.1 x 104 to 1.9 ± 0.7 x 104 for thermotolerant coliforms. Furthermore, potentially pathogenic microbes (E. coli, S. aureus) were isolated, which could pose a health risk to customers. 
Conclusion : Thus, there remains a need for improvements in hygiene and training in good hygiene practices for kiosk operators and consumers.  	Comment by w3t: Include perspectives 
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1. INTRODUCTION
The rapid urbanization of cities and the socio-economic difficulties faced by urban populations have facilitated the emergence of new modes of food sales and consumption venues (Aviles et al., 2020). These are foods sold in street corners known as "street food." This term refers to ready-to-eat foods sold primarily by street vendors along streets and in public places (bus stations, factories, schools, universities, etc.) (Koumassa et al., 2025). This activity is organized and developed mainly in cities. It thus fills the gap left by the lack of canteens in public and private enterprises, schools, as well as in markets or bus stations. This mode of food provision often remains the only alternative for those who live far from their workplace or for those with time constraints. It is expanding in Ivory Coast and in several other countries in Africa (Neffati et al., 2004; Yaou et al., 2024). Depending on the country, it is referred to as street food, popular restaurants, small eateries, open-air stalls, kiosks, etc. (FAO, 2007).
[bookmark: _Hlk192071894]In Ivory Coast, sale of street food represents an employment opportunity and an important source of income for many people. Monthly earnings often exceed the guaranteed minimum wage (GMW) (Rakha et al., 2022). This activity is predominantly carried out by individuals with little or no education (Lues et al., 2006). Despite its economic and social significance, sale of street food remains an informal and poorly organized activity. The foods sold are often not subject to official health inspections (Canet, 1997). This lack of oversight from the authority responsible for food safety and the unhygienic practices expose customers of these food outlets to health risks such as foodborne illnesses and food poisoning (Omemu and Aderoju, 2008). The most common diseases include gastroenteritis, typhoid fever, salmonellosis, etc. (Aluko et al., 2014; Tingbe et al., 2018). In recent years, several cases of collective food poisoning (CFP) have been reported in Ivory Coast, resulting in fatalities. In 2023, five TIAC outbreaks were detected, leading to 131 cases, including 32 deaths, with a case fatality rate of 24.4%. On August 20, 2024, in the town of Affery in the Akoupé department, a food poisoning incident claimed the lives of five people, including four members of the same family, after consuming a corn meal (MSHPCMU, 2024). Despite these numerous CFP cases, foods sold on the streets, particularly in kiosks, largely escape health inspections in Côte d'Ivoire.  
Kiosks are fixed eateries that are popular for offering a variety of meals (local dishes and others) ready to be consumed at any time of the day. The prices they charge are very competitive compared to formal restaurants. They are very flexible and easily adapt according to opportunities (Aluko et al., 2014; da Silva et al., 2014). Setting up a kiosk does not require a large capital investment. The necessary equipment is mainly limited to kitchen utensils that most households already possess (Donkor et al., 2009). They are ty Cancerally located in bus stations, markets and popular neighborhoods, etc. (Ngoc et al., 2020). This adaptability and the low costs associated with starting this type of activity make this sector particularly dynamic. However, it is a very poorly organized sector, and good food hygiene practices are not always followed. Therefore, it is important to assess the food safety practices of kiosk operators and customers, as well as the microbiological quality of the foods prepared and sold. This study aims to contribute to the health safety of meals prepared and sold in kiosks in three neighborhoods of the Yopougon municipality (Abidjan).

1. [bookmark: _Toc171544883]MATERIALS AND METHODS
[bookmark: _Toc171544884]2.1 Materials
[bookmark: _Toc142408882][bookmark: _Toc171544885]2.1.1 Study Site
The study was conducted in the municipality of Yopougon (Latitude: 5.31667; Longitude: -4.06667; 5° 19′ 0″ North, 4° 4′ 0″ West), located in the southwest of the Abidjan District. We opted for a purposive sampling technique based on the researcher’s judgment. Among the 10 municipalities of the Abidjan District, Yopougon is the largest (164.2 km²) and the most populated (1,571,065 inhabitants) (INS, 2021). These reasons are responsible for the selection of using this site for study.  Regarding the choice of neighborhoods (Siporex, Sicogi, and Niangon), factors such as types of housing, population density and the number of kiosks were taken into account.  
2.1.2 Survey Materials
The surveys were conducted using questionnaires from the Kobo toolbox digital data collection system via the Kobo collect application installed on mobile phone.  
2.1.3 Analysed Samples
Samples of cooked spaghetti dishes and the utensils (plates, spoons and drinking glasses) used to serve the meals were subjected to microbiological analyses (Fig. 1). The survey data motivated the choice of spaghetti as the food matrix.  
[image: ]
                    a : Plate of sphaghetti                                                               b : Utensils
[bookmark: _Toc143098971][bookmark: _Toc148624129][bookmark: _Toc148626700][bookmark: _Toc148946261][bookmark: _Toc171544889]Fig. 1. Photographs of a cooked spaghetti dish and utensils

2.2 Methods
The study was conducted in two phases. The first phase focused on surveys, which assessed the main causes of health risks. The second phase involved the collection of samples and their microbiological analyses.  
2.2.1 Surveys
A pre-survey phase was conducted for one week. This allowed for the establishment of a trusting relationship with the kiosk owners and made it possible to adjust the questionnaires. The results from this pilot phase were not included in the final results. Survey data was collected through direct observation on-site, interviews and by administering questionnaires to vendors and customers of the "kiosks." The questionnaires focused on practices, attitudes and hygiene regarding food safety. For the development of the questionnaires, we drew inspiration from several previous studies that addressed the issue of street food (FAO, 2007; Chukuezi, 2010; Ansari-Lari et al., 2010; Samapundo et al., 2015; Auad et al., 2019).  
For the survey among kiosk owners, questions focused on the sociodemographic characteristics of the respondents, sales conditions, the average cooking time of prepared dishes, knowledge of and adherence to basic hygiene rules, etc. A total of 62 kiosk vendors (21 in Niangon, 20 in Siporex, and 21 in Sicogi) were interviewed. As for the survey among consumers, questions centered on the sociodemographic characteristics of the respondents, frequency and reasons for consumption at the kiosks, knowledge of and adherence to basic hygiene rules, prices of dishes, etc. A total of 78 consumers (26 per neighborhood) encountered at the kiosks were interviewed. The observation survey focused on the hygiene of the kiosks and their environment. Parameters taken into account were primarily related to the hygiene of the sites and their immediate environment (proximity to drains, garbage, presence of flies, rodents, toilets, etc.).  
2.2.2 Sampling
Among the 62 surveyed kiosks, 12 were randomly selected from each neighborhood (Siporex, Sicogi and Niangon) for sampling. Approximately 50g of already cooked spaghetti dishes were collected using a sterile spoon and placed in sterile bags. The collected and labeled samples were placed in a cooler with ice and then transported to the laboratory for analysis.  
Surface sampling of the utensils was performed according to ISO 18593 (2004). We delimited a surface of 20 cm2. With sterile water, we moistened the swab as recommended by the NF EN ISO 14698-1 (2004) standard. After collection, the swab was aseptically replaced in its labeled tube and stored at a temperature of approximately 5°C in a cooler during transport to the laboratory (maximum 4 hours). 
2.2.3 Microbiological Analysis of Spaghetti Samples
All operations were conducted under aseptic conditions established around the flame of a Bunsen burner. The targeted microorganisms included total aerobic mesophilic flora (TAMF), total and thermotolerant coliforms, possibly including Escherichia coli, presumed pathogenic staphylococci (S. aureus), and molds. These microorganisms are indicators of fecal contamination or poor general hygiene, which could lead to foodborne illness outbreaks (FBIs).
2.2.3.1 Preparation of Stock Suspensions and Dilutions
10 grams of each prepared spaghetti sample were placed in 90 ml of buffered peptone water. The resulting homogenized mixture constituted the stock suspension. This was used to prepare decimal dilutions according to the ISO 6887:2017 standard.  
2.2.3.2 Seeding with Swabs
The seeding was performed directly by streaking the swab onto the selected media. Practically, we made close parallel streaks with the swab on the surface to be sampled. Then, the same operation was repeated in the same area, but this time with streaks perpendicular to the first. The seeded Petri dishes were incubated at 30±2°C for 5 to 7 days (ISO 18593 (2004)).
2.2.3.3 Counting
Total Aerobic Mesophilic Flora (TAMF). The counting of the Total Aerobic Mesophilic Flora (TAMF) was performed according to the NF ISO 4833:2003 method. The principle of the TAMF detection involves culturing the sample to be analyzed using the double-layer incorporation technique on Plate Count Agar (PCA) (Biokar, France). The reading was done by counting the colonies that have grown on the agar after 72 hours of incubation at 30°C.  
[bookmark: _Toc142408895][bookmark: _Toc171544900]Staphylococci. The counting of Staphylococcus was conducted on Baird Parker medium (BP OXOID CM0275) following the NF EN ISO 6888-1:1999 standard. The Baird Parker agar, supplemented with egg yolk emulsion and cooled potassium tellurite, was poured into Petri dishes. After solidification, the agar was inoculated and incubated at 37°C for 24 to 48 hours. Black, shiny, whole, convex colonies surrounded by clear zones were counted.  
From the characteristic colonies, a deoxyribonuclease (DNase) test was performed to identify S. aureus. Petri dishes containing DNase were inoculated with isolated Staphylococcus colonies and incubated at 37°C for 24 hours. After incubation, the dish was flooded with a 1N hydrochloric acid solution. After a few minutes, the solution became opaque. It remained clear under the streaks of the DNase-positive strains (S. aureus).   
[bookmark: _Toc142408898][bookmark: _Toc171544903]Coliforms. The counting was carried out according to the NF ISO 4832 (2006) standard on Lactose Violet Crystal and Neutral Red Agar (VRBL) (Bio-Rad, France). After 24 hours of incubation at 30°C (for the detection of total coliforms) and 44°C (for the detection of thermotolerant coliforms), characteristic colonies with a pink-violet color were counted. The identification of E. coli was conducted on chromogenic agar. After inoculating from characteristic colonies of thermotolerant coliforms, the Petri dishes were incubated at 37°C for 24 hours. All E. coli strains possess β-galactosidase, and 94 to 97% of them also possess β-glucuronidase (GUD). The presence of this enzyme was revealed by the presence of a blue-colored compound. The simultaneous action of both enzymes caused E. coli colonies to appear dark blue to violet.  
[bookmark: _Toc142408899][bookmark: _Toc171544906]Yeasts and Moulds. The counting of yeasts was performed according to the ISO 21527-1:2008 standard. The medium used was Sabouraud Agar with Chloramphenicol (Biokar, France). After inoculation and incubation of the Petri dishes at 30°C for 24 to 48 hours, an identification key was used to name the observed molds (Gacem et al., 2012).
2.2.4 Expression of the results of the analyzed bacterial loads
The microbial load of the samples was calculated using equation 1.  


(1)



ΣC : The sum of colonies on all plates from the two successive dilutions. ; V : Volume of the inoculum applied to each plate, in milliliters ; n1 and n2 : respective number of boxes for the first and second dilution retained ; d : dilution rate of the first dish having produced countable colonies (weak dilution).

For the enumeration of S. aureus and E. coli loads, equation 2 was used.
N = (number of confirmed colonies / number of tested colonies) X number of presumed colonies.  


(2)
[bookmark: _Toc142408901][bookmark: _Toc171544908]
2.2.5 Statistical Analysis
Various calculations and graphical representations were performed using Excel 2019. The data analysis from surveys and microbiological analyses were carried out using IBM Statistics 20 software. Multiple analysis of variance (ANOVA) was used to calculate the means and standard deviations and to determine if there were differences observed in the average loads of the different germs.  
2. RESULTS AND DISCUSSION
2.1 Results
2.1.1 Sociodemographic characteristics of the cooks and consumers surveyed
The survey conducted among the cooks at the "kiosks" and the consumers allowed for the determination of certain socio-demographic parameters. The cooks were 85% male and 15% female. Regarding their level of education, 73% were not educated; 10% had completed primary education; 13% had completed secondary education; and 5% had higher education. Among the consumers surveyed, 73% were male and 27% were female. The results also show that the majority (64%) of the customers were aged between 18 and 25 years. More than 86% of them were single, and 14% were married couples. They were 40% uneducated. About 3% had a higher level of education, and 57.5% only reported being educated (primary and secondary) (Table 1).  
















Table 1. Sociodemographic characteristics of the cooks and consumers surveyed
	Evaluated Parameters
	Modalities
	Frequency (N)
	(%)

	
	Salesperson
	
	

	Sex
	Male
	53
	85.5

	
	Female
	09
	14.5

	Level of Education
	Not educated
	45
	72.6

	
	Primary
	06
	9.7

	
	Secondary
	08
	12.9

	
	Higher
	03
	4.8

	
	Customer
	
	

	Sex
	Male
	57
	73

	
	Female
	21
	27

	Age group
	18-25
	50
	64

	
	25-30
	15
	19

	
	30-35
	08
	10

	
	35 and above
	05
	6

	Level of Education
	Not educated
	31
	39.7

	
	Primary
	30
	38.5

	
	Secondary
	15
	19.2

	
	Higher
	02
	2.5

	Marital status
	Single
	67
	86

	
	Married
	11
	14



3.1.2 Evaluation of practices and knowledge regarding food hygiene
[bookmark: _Hlk192419502]The data obtained from questionnaires and direct observations on hygiene practices during meal preparation and consumption in the 'kiosks' were recorded in Table 2. For meal preparation, a little over half of the cooks (51.6%) regularly washed their hands. More than three-quarters (75.8%) wore jewelry on their fingers or wrists, and 8.1% had wounds on their hands. The vast majority of cooks (95.2% and 80.7%) did not wear gloves and face masks, respectively, during preparations. Just under half (43.5%) wore an apron of questionable cleanliness. Despite more than 83.9% of the kiosks having access to tap water, 80.6% did not regularly change the water used for washing dishes. Cleaning and disinfection techniques for kitchen utensils were inadequate in 70.9% of cases. For the preservation of raw materials and precooked foods, 27.4% of the 'kiosks' had at least one freezer and one refrigerator, while 30.6% had only a refrigerator. As for kitchen facilities, all the 'kiosks' (100%) had a stove, and about 45.2% also had an oven. The cooking time required was insufficient in 59.7% of the observed cases. In 46.8% of cases, the shelf life of raw materials exceeded two weeks, and 16.1% mixed precooked foods with unsold prepared foods during storage.  
For meal consumption, about 45% of the surveyed consumers washed their hands, and 61.5% wore jewelry on their fingers and wrists. In 84.6% of the "kiosks," there was no designated space for handwashing, and more than three-quarters (75.6%) did not have a toilet. However, a large number of customers (70.5%) could have access to wash their hands if they wished.  
Table 2. Evaluation of food hygiene practises and knowledge among vendors and consumers
	
	Vendors N=62
	
	

	Evaluated Parameters
	Methods
	Yes 
N (%)
	No 
N (%)

	Hand Hygiene 
	Handwashing
	32 (51.6)
	30 (48.4)

	
	Wearing jewellry on fingers and wrist
	47 (75.8)
	15 (24.2)

	
	Presence of wounds on hands 
	5 (8.1)
	57 (91.93)

	
	Wearing kitchen gloves 
	3 (4.8)
	59 (95.2)

	Work equipment hygiene
	Wearing an apron
	27 (43.5)
	35 (56.5)

	
	Wearing a facemask
	12 (19.4)
	50 (80.7)

	
	Access to tap water
	52 (83.9)
	10 (16.1)

	
	Regular renewal of dishwashing water
	12 (19.4)
	50 (80.7)

	
	Proper cleaning and disinfection of utensils
	18 (29.03)
	44 (70.9)

	
	Mixing precooked and prepared foods during storage
	10 (16.1)
	52 (83.8)

	
	Shelf life exceeding two weeks
	29 (46.8)
	33 (53.2)

	
	Sufficient cooking time
	25 (40.3)
	37 (59.7)

	Kitchen facilities
	Freezer and Refrigerator
	17 (27.4)
	45 (72.6)

	
	Refrigertor
	19 (30.6)
	43 (69.4)

	
	Cooler
	06 (9.6)
	56 (90.3)

	
	Stove
	62 (100)
	00 (00)

	
	Oven
	28 (45.2)
	34 (54.8)

	
	Consumers N=78
	
	

	Hand Hygiene


	Washing of hands
	35 (44.8)
	43 (55.1)

	
	Wearing jewellry on fingers and wrist 
	48 (61.5)
	30 (38.5)

	
	Presence of wounds on hands 
	2 (2.6)
	76 (97.4)

	Hygiene
	Access to water for washing hands on demand 
	55 (70.5)
	23 (29.5)

	
	Handwashing area
	12 (15.4)
	66 (84.6)

	
	Presence of toilet 
	19 (24.4)
	59 (75.6)



3.1.3 Frequency and reasons for visiting kiosks
Table 3 provides information on the frequency and reasons given by customers for visiting kiosks. More than 56.4% of customers ate at kiosks at least once a week, with daily customers representing 28%. Additionally, 10% of customers dined at least once a month, while 5% frequented kiosks occasionally.  
The motivations for visiting kiosks varied among customers. Some chose to eat at kiosks due to easy access (23%), while 58% were driven by low prices. Finally, 19% stated they dined at kiosks because of the quality of the dishes offered.  
Table 3. Distribution of Customers Based on Frequency and Reasons for Visiting Kiosks  
	Parameters studied
	Studied methods
	N=78
	(%)

	Frequency of visit to kiosks
	Occasional
	4
	5.1

	
	Daily
	22
	28.2

	
	Weekly
	44
	56.4

	
	Monthly
	8
	10.2

	Reasons for visiting kiosks
	Accessibility
	18
	23.1

	
	Quality of dishes
	15
	19.2

	
	Applied prices
	45
	57.7


3.1.4 Cleanliness and immediate environment of the kiosks
Approximately 35.5% of the kiosks had solid or liquid waste on the kitchen floor. More than half (56.5%) were located along the roadsides. Mice were visible in more than 62.9% of the cases and cats were present in 45.2% of the cases. The majority of the kiosks (85.5%) had trash bins (Table 4).  
Table 4. Cleanliness and immediate environment of the Kiosks 
	Parameters evaluated
	 Yes (%)
	 No (%)

	Presence of instects, mice…
	39 (62.9)
	23 (37.1)

	Presence of cats
	28 (45.2)
	34 (54.84)

	Presence of solid or liquid waste on the kitchen floor 
	22 (35.5)
	40 (64.5)

	Presence of trash bins
	53 (85.5)
	9 (14.5)

	Kiosk located along the roads
	35 (56.45)
	27 (43.5)



3.1.5 Dishes offered in the visited kiosks and their prices
Several types of dishes were available in the kiosks. For the majority (57%) of kiosk operators, the best-selling dishes were spaghetti dishes, followed by kidney dishes or meat (29%). Dishes based on green peas, curdled milk and omelets represented 8%, 3%, and 3%, respectively (Fig. 2).  
The prices charged in the kiosks ranged from 200 to 1500 CFA francs. Over 64% of the dishes had a price between 500 and 800 CFA francs. The price ranged from 200 to 350 CFA francs; 350 to 500 CFA francs; and 800 to 1500 CFA francs per dish accounted for 8%, 11% and 16%, respectively (Fig. 3).  


Fig. 2. Distribution of Meals Served in the Kiosks Based on Sales Frequency


Fig. 3. Selling Prices of Meals Offered in the Kiosks

3.1.6 Level of Contamination of the Spaghetti Samples
[bookmark: _Toc142911511][bookmark: _Toc148624170][bookmark: _Toc148626741][bookmark: _Toc148946302][bookmark: _Toc171544932]The results of the microbiological analyses of the spaghetti samples are presented in Table 5. The data indicates contamination of the samples by mesophilic aerobic microorganisms (MAM), Staphylococcus, coliforms (total and thermo-tolerant), and molds. The average counts of MAM varied from 1.6 ± 0.3x104 to 2.2 ± 0.2x105 at Niangon, from 1.1 ± 0.9x104 to 4.2 ± 0.2x105 at Sicogi, and from 3.6 ± 0.2x102 to 6.6 ± 0.3x104 at Siporex. For Staphylococcus, the average counts ranged from 1.7 ± 0.6x103 to 1.7 ± 0.2x104 at Niangon, from 1.4 ± 0.3x104 to 7.3 ± 0.5x104 at Sicogi, and from 6.8 ± 0.6x102 to 7±2.4x103 at Siporex. Regarding the contamination level of coliforms, the average counts varied between 1.7 ± 0.9x104 and 6.0 ± 0.1x104 for fecal coliforms and between 1.4 ± 0.6x104 and 1.7 ± 0.4x104 for thermo-tolerant coliforms in the Niangon neighborhood. At Sicogi, the average counts of fecal coliforms ranged from 8.5 ± 3.6x103 to 5.0 ± 0.3x104, and those of thermo-tolerant coliforms ranged from 1 ± 0.7x103 to 1.9 ± 0.7x104.  At Siporex, the counts varied between 6.8 ± 3.2x103 and 2.8 ± 0.3x104 and between 3.4 ± 1.1x103 and 1.3 ± 0.1x104, respectively for fecal coliforms and thermo-tolerant coliforms. The highest counts of E. coli and S. aureus were observed in the samples from Siporex. The results of the statistical analyses indicated a significant difference between the microbial loads of MAM, Staphylococcus, and total coliforms in the samples collected from the three neighborhoods. However, no significant difference (p= 0.05) was observed for the average counts of thermo-tolerant coliforms between the samples from the three neighborhoods.  


Table 5. Bacterial Loads in Colony-Forming Units per Gram (CFU/g) of Analyzed Spaghetti Samples

		Comment by w3t: Include in this table the means ± standar deviation
	Neighbourhoods of the Municipality 

	
	Niangon
	Sicogi
	Siporex

	Germes
	Min
	Max
	Min
	Max
	Min
	Max

	MAM
	1.6±0.3x104
	2.2 ± 0,2.105 a
	1.1±0.9x104
	4,2 ± 0,2.105 b
	3.6±0.2x102
	6.6 ± 0,3.104 c

	STAPH
	1.7±0.6x103
	1.7 ± 0,2.104 a
	1.4±0.3x104
	7.3 ± 0,5.104 b
	6.8 ± 0.6x102 c
	7±2.4x103

	S. aureus
	15
	10x102
	76
	7,5x102
	24
	1,2x103

	CF
	1.7±0.9x104
	6.0 ± 0.1.104 a
	8.5±3.6x103
	5.0 ± 0,3x104 b
	6.8±3.2x103
	2.8 ± 0,3x104 c

	CTH
	1.4±0.6x104
	1.7 ± 0,4.104 a
	1±0.7x103
	1.9 ± 0,7x104 a
	3.4±1.1x103
	1,3 ± 0,1x104 a

	E. coli
	8
	81
	5
	19
	7
	128


[bookmark: _Toc142408913][bookmark: _Toc171544933]
STAPH: Staphylococcus, CF: fecal coliforms, CTh: thermo-tolerant coliforms
3.1.7 Level of Contamination of Cutlery 
The qualitative results of the microbiological analyses of the cutlery are provided in Table 6. They indicate the presence of mesophilic aerobic microorganisms (MAM), Staphylococcus (S. aureus), and coliforms (E. coli) on the analyzed cutlery.  
[bookmark: _Toc142911512][bookmark: _Toc171544934]Table 6. Microorganisms Present on Plates, Glasses and Utensils used in the Kiosks  

	
	
	Microorganisms Searched For 
	

	Neighborhoods 
	MAM
	STAPH
	S. aureus
	CF 
	CT
	E. coli

	Niango (n=8)
	+++
	+++
	+
	+++
	++
	+

	Sicogi (n=8)
	+++
	+++
	+
	+++
	++
	+

	Siporex (n=8)
	+++
	+++
	+
	+++
	++
	+


+++ : Very numerous, ++ : Numerous, + : Few
[bookmark: _Toc142408914][bookmark: _Toc171544935]3.1.8 Frequency of Contamination of the Spaghetti samples and Cutlery 
MAM (Mesophilic Aerobic Microorganisms) were present in all the spaghetti samples and cutlery analyzed, resulting in an isolation frequency of 100%. In the spaghetti samples and on the cutlery, the contamination frequencies were 66.7% and 83.3% for Staphylococcus, respectively. For total and thermo-tolerant coliforms, the frequencies were 50% and 33.3% for the spaghetti samples and 75% and 58.3% for the cutlery. The isolation frequencies of E. coli were 22.2% and 50% in the spaghetti samples and on the cutlery, respectively. As for S. aureus, it was 33.3% of the spaghetti samples and 58.3% of the cutlery (Table 7).  
[bookmark: _Toc148624173][bookmark: _Toc148626744][bookmark: _Toc148946305][bookmark: _Toc171544936][bookmark: _Toc142911513]Table 7. Frequency of contamination of analysed spaghetti samples and cutlery 
	
	Frequency of contamination (%)

	
	Samples analysed

	Target pathogens
	Spaghetti (n = 36)
	Cutlery (n = 24)

	MAM
	 36 (100)
	24 (100)

	Staphylococcus 
	24 (66,7)
	20 (83,3)

	Total Coliform 
	18 (50)
	18 (75)

	Thermotolerant Coliform
	12 (33,3)
	14 (58.3)

	E. coli 
	8 (22.2 %)
	12 (50 %)

	S. aureus 
	12 (33.3 %) 
	14 (58.3 %)


[bookmark: _Toc142408916]
[bookmark: _Toc171544939]3.1.9 Molds isolated from analysed samples
Table 8 presents the species of molds isolated from the studied matrices. Aspergillus flavus, A. niger, and Penicillium sp. were found on the cutlery. Only Penicillium sp. was found in the spaghetti samples.  


	Mold species
	Types of samples analysed

	
	Cooked Spaghetti 
	Cutlery 

	Aspergillus flavus 
	-
	+

	Aspergillus niger
	-
	[bookmark: _GoBack]+

	Penicilium sp.
	+
	+


Table 8. Mold species found in the analysed samples





+ : present ; - : absent
3.2 Discussion
The survey conducted among sixty-two (62) "kiosk" cooks showed that there were 85% male and that 73% of them had no formal education.  As a result of the distrust of these vendors, the age parameter could not be determined. Our results differ from those obtained by Adam et al. (2024) in their study on practices and food safety in Vietnam. In their study, 61.6% of the vendors were women and 38.4% were men. The ages of the vendors ranged from 17 to 55 years, with an average age of 33 years. This difference can be explained by the fact that in Ivory Coast, food selling in kiosks is generally a family activity. Men typically provide service in the afternoons and evenings, while women are mainly present in the mornings. The surveys been conducted more in the afternoons and evenings might explain the predominance of men in our study. According to Canet (1997), the informal food sector is a significant source of employment in urban areas, especially for individuals with lower levels of education who may not find other employment opportunities.  
The prices of dishes offered in the kiosks varied between 200 and 1500 F CFA. More than 64% of the dishes offered to customers cost between 500 and 800 F CFA. The spaghetti dish was the best-selling meal, with a percentage of 57%. Da silva, (2014) had already highlighted that the foods sold in kiosks had accessible prices. This type of commerce greatly contributes to the sustenance of many people with modest incomes in the cities. It also represents a real opportunity for many individuals and helps combat precariousness. For example, in the city of Ibadan, Nigeria, the average income of more than 65% of vendors exceeds 3 to 6 times the minimum wage of a worker (Barro, 2004). Baba et al. (2006), on their part, showed that fixed street food vendors in Republic du Benin have the highest earnings.  
Raw materials and precooked foods were primarily stored in refrigerators, coolers, but also in freezers. Cold storage is important for certain raw materials (meat, kidney, etc.) and certain types of foods (curdled milk, butter, etc.). The use of coolers as a means of food preservation could be explained by the desire to reduce electricity costs.  
Out of a total of 78 kiosk customers surveyed, 57% were men, and they were mostly young. Indeed, over 64% of the customers were aged between 18 and 25 years. Forty percent were uneducated. About 3% had a higher education level, and 57.5% reported being enrolled in school (primary and secondary). Our results are similar to those of Kamara (2009) in his study on the financial impact of food-related illnesses. He showed that the age group (18 to 34 years) of consumers was the most significant. In the study conducted in Vietnam on hygienic practices, the average age of consumers was 26.4 years. However, in that study, 63.8% of consumers were women, and 36.2% were men. Regarding education level in the same study, 84.1% of consumers had a secondary education diploma or higher (Adam et al., 2024). The fact that the clientele of kiosks is predominantly young could be explained by the fact that young people generally prefer eating out. Additionally, young people, most of whom are single, tend to prefer eating outside the family home. Besides being places for dining, the kiosks also serve as meeting spots for these youth.  
Regarding the frequency and reasons for visiting kiosks, more than half, or 57% of the surveyed individuals, stated that they eat there at least once a week, and 58% of them justified this choice as a result of the prices charged. The results of the survey among the cooks confirm the attractiveness of the prices charged in the kiosks.  Moreover, kiosks are almost present in every neighborhood and street corner in the city of Abidjan. This mode of dining often remains the only alternative for those who live far from their workplace (Badrie et al., 2004; Anoman et al., 2019).  
With regards to hygiene practices during food preparation and consumption in the kiosks, hygiene rules are not generally respected. For instance, more than half (51.6%) of the vendors do not wash their hands regularly, and more than three-quarters (75.8%) wear jewelry on their fingers or wrists. The water meant for washing dishes is not regularly renewed (80.65%).  
For meal consumption, less than half of the customers (45%) washed their hands, and 62% wore jewelry on their fingers and wrists. In 84.6% of the kiosks, there was no designated area for customers to wash their hands, and more than three-quarters (75.64%) did not have access to toilets. Mice were present in more than 62.9% of the kiosks, and cats were visible in 45.2% of the cases. In these aspects, our data is similar to those of Adam et al. (2024). These authors showed in their work that 65.9% of vendors had no knowledge of food safety. They also mention the wearing of jewelry, the presence of flies, cockroaches, mice and pets on site. The lack of handwashing facilities, hygiene and cleanliness of the sites can lead to cases of poisoning. According to Lues et al., (2006), street food poses problems regarding the safety or nutritional quality of the products offered, the hygiene of the vendors, and the environment in which they are distributed. Samapundo et al. (2016) stated that one of the main issues with street food is its unsatisfactory microbiological quality. Customers at these food sites are exposed to illnesses such as diarrhea, vomiting, nausea, etc. (Joyce et al., 2020).
All the spaghetti samples analyzed were contaminated by MAM (Mesophilic Aerobic Microorganisms), staphylococci, and coliforms. The presence of these microorganisms indicated a low level of hygiene (Badrie et al., 2004; Anoman et al., 2019). The results of the microbiological analyses obtained in this study corroborate those of Anoman et al., (2019) regarding the hygienic quality of attiéké Garba. The presence of E. coli and S. aureus in the analyzed samples could pose a health problem. Indeed, certain strains of E. coli are often involved in cases of foodborne illnesses in humans (Argudín et al., 2010; Kashima et al., 2021). The fungal flora isolated during this study consists of three species (Penicillium sp., Aspergillus niger, and A. flavus). The presence of these fungal species indicated poor conditions for food preservation and questionable hygiene. Some of the isolated fungal species are potentially dangerous to humans. A. flavus is recognized as a germ that produces aflatoxin, a highly hazardous mycotoxin in humans (Awuchi et al., 2020).
3. CONCLUSION
The objective of this study was to contribute to improving the quality of the dishes prepared and sold in the kiosks.  Surveys conducted with cooks and customers at these sites indicated unhygienic practices. Spaghetti was the best-selling dish. Microbiological analyses performed on samples of spaghetti and the utensils confirmed this lack of good hygiene. In fact, the analysis of the samples of spaghetti and serving utensils revealed contamination by numerous germs. These germs include MAM (Mesophilic Aerobic Microorganisms), coliforms (total and thermotolerant), E. coli, and S. aureus. In addition to these germs, molds (Penicillium, Aspergillus niger, and A. flavus) were isolated. The presence of these germs could pose a risk to the health of customers. Therefore, efforts need to be made regarding awareness of hygiene and good food safety practices.  
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