
 Bacterial contamination of street-vended sliced papaya and pineapple in Douala V, Cameroon: critical control points, hygiene practices and associated risk factors
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ABSTRACT 

	Introduction: Operations related to the preparation and sale of sliced fruits, such as papaya (Carica papaya) and pineapple (Ananas comosus), present a risk of contamination by pathogenic bacteria. The objective of this study was to assess the microbial quality of sliced fruits and to determine the factors favoring contamination during processing and storage.
Study design:  A prospective descriptive study was conducted.
Place and Duration of Study: This study was conducted in the District of Douala V where slided fruits of papaya and pineapple where purchased and in the bacteriology unit at Pasteur Plus laboratory of Douala located in the district of Douala V from the 24th of January to the 14th of February 2022.
Methodology: Fifty (50) samples (25 papaya samples and 25 pineapple samples) from 10 vendors were randomly collected in Douala V. Ten grams (10 g) of each sample were cut and then homogenized in 90 ml of distilled water. Microorganisms were isolated and identified using standard recommended procedures. Ten (10) vendors were interviewed to assess their knowledge level of good hygiene practices.
Results: Regarding hygienic practices, the results showed that vendors interviewed in this study have no knowledge of good hygiene practices (100%). All fruit batches were unacceptable with TAPC value ranging from 1.7 x 1019 to 4.2x1019, significantly exceeding the microbiological limits (> 5.107 CFU/g). The prevalence of Salmonella was 20%, and that of E. coli was also 20%. E. coli was recovered from samples collected from vendors 2 and 10, with contamination levels of 3.2 × 10¹⁹ CFU/g and 4.6 × 10¹⁹ CFU/g, respectively, values far exceeding recommended safety limits. The vendors from whom isolated strains of Salmonella and Escherichia coli had been detected had the poorest hygiene practices.
Conclusion: Raising awareness among the population, particularly vendors, about good personal and environmental hygiene could help reduce the contamination rate of sliced fruit sold on the street.
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1. INTRODUCTION 

[bookmark: _Hlk218694927]Fruits are an excellent source of carbohydrates and fibre, and they also contain certain anti-nutrients such as polyphenolic flavonoids, phytates and cyanide. When consumed in adequate amount, they play a protective role in the body against oxidative stress, contribute to meeting nutritional needs and help to combat certain diseases associated with poor nutrition by strengthening the body's natural defences [1]. According to WHO recommendations (2003) [2], adults should consume at least 400 g of fruit per day. However, given the financial difficulties faced by most households, fruit consumption remains below the recommended value of 400 g [3,4]. Sliced fruit are increasingly popular in African cities, as they are available in strategic locations, and fixed or itinerant vendors offer a wide variety of fruits at low price [5,6]. Consumers who wish to include fruit in their diet but do not have the time or desire to prepare it themselves at home turn to sliced fruits sold on the streets while going about their daily activities.
[bookmark: _Hlk223078022][bookmark: _Hlk223078163]Covered by an epidermal layer of cells that acts as a barrier protecting them from contamination by microorganisms present in the environment, fruits such as papaya (Carica papaya) and pineapple (Ananas comosus), once peeled and sliced, have their internal tissues exposed to microbial contaminants such as Salmonella spp and Escherichia coli [5-7]. Although sliced fruits are cheap, convenient and accessible, the hygiene practices used by vendors to process whole fruit into sliced fruit are questionable. Exhibiting poor personal hygiene, these vendors are no licensed and have received no training in food hygiene and safety. The fruit is sold at room temperature and exposed to direct sunlight for several hours, creating an optimal temperature for the growth of mesophilic pathogens, which can potentially cause food poisoning and gastrointestinal illness in consumers [6,8]. Health and hygiene aspects in the processing and marketing of sliced fruits are a key issue for the quality control of ready-to-eat products.
[bookmark: _Hlk223078769]Given the public health risk posed by bacterial pathogens isolated from sliced fruits pose to public health, this study focuses on critical points on the preparation process of sliced fruits and the factors promoting contamination, and aims to determine the prevalence of Salmonella and Escherichia coli in the contamination of sliced fruits. 

2. material and methods 

[bookmark: _Toc98933927]2.1. Study design 
The present study was conducted from the 24th of January to the 14th of February 2022. It was carried out in the Douala V District of where sliced fruits of papaya and pineapple were purchassed at Bonamoussadi market in front of MTN, Parcours Vita, Makepe (Rhône Poulenc junction), Logpom (Andem junction) and Ndokoti in front of SOCATUR. These locations were chosen because they are highly frequented by potential customers. Our study was also conducted in the bacteriology unit of the Pasteur Plus laboratory in Douala, located in the Douala V district, for the analysis of our samples. Our study population consisted of slide-cut papaya and pineapple obtained from consenting vendors (10 vendors) at specifics locations in Douala V. We included in our study samples collected from consenting vendors selling slide papaya and pineapple. We excluded from our study non-consenting vendors and those selling fruits other than those we were targeting. This study focused on pathogenic and potentially pathogenic microbial markers (Salmonella spp and Escherichia coli) as well as hygiene markers (total number of aerobic bacteria).

[bookmark: _Toc98933933]2.2. Survey
Data were obtained using observational checklist and a structured questionnaire during face-to face interviews conducted in the local language (if necessary) understood by the vendors. A questionnaire based on socio-demographic characteristics (age, gender) was administered to the vendors. Likewise, information on whether the vendors had received training in good hygiene practices was collected during the survey. 
The water supply source, frequency of hand washing, fruit washing and utensil washing were also recorded. Particular attention was paid to the different ways in which sliced fruits were displayed, the maintenance of the cold chain, the type of packaging materials, transport and storage conditions. 
[bookmark: _Hlk223092632]Environmental hygiene (cleanliness of the sales site) and the type of vendors (stationary or mobile) were observed and recorded. Poor handling practices and unhygienic practices were recorded through visual inspection in order to identify critical control points in the final product served to consumers. Critical points, sources and mode of contamination were identified. Informed Consent was gotten verbally from participants.

[bookmark: _Toc98933934]2.3. Sampling procedure and transportation of samples
The samples included 50 slide-cut papaya and pineapples that met the inclusion criteria and were purchased consecutively from the beginning to the end of the study period.
The sampling procedure used for this study was the same for all the locations. It complied with ISO standard 874:1980 [9], according to which incremental samples of papaya and pineapple were taken from different locations within the container in order to constitute a global sample for each fruit, respectively. The bulk samples were transported to the laboratory under aseptic conditions. One batch consisting of five fruits (both papaya and pineapple) was collected from each vendor. During the study period, we collected sliced fruits from ten vendors. The samples were placed in an insulated bag containing ice packs and immediately transported to the laboratory at a temperature range of 4 – 6°C for bacteriological analysis.

[bookmark: _Toc98933938]2.4. Microbiological analysis
[bookmark: _Toc98933939][bookmark: _Hlk218695280]In our study, the quality of the sliced fruits was determined using a two-class sampling plan for Salmonella spp and a three-class sampling plan for Escherichia coli respectively. In the two-class plan, fruits were judged as acceptable or unacceptable for consumption. In the three-class plan, fruits were judged as acceptable, marginally acceptable or unacceptable for consumption [10]. 

2.4.1. Sample preparation and serial dilution technique 
Using a sterile knife, 1g of each fruit sample was cut and weighed then crushed in a test tube containing 9mL of sterile peptone water (TM Media, India). The mixture was stirred uniformly to homogenize it, then labeled as stock. Then 1ml of the stock solution was transferred to a new test tube containing 9ml of sterile peptone water (10-1 dilution), and so on, until the bacterial concentration decreased significantly (10-7 dilution). The test tubes were homogenized between each dilution and, in order for all tubes to be statistically equal, 1ml of the final dilution (10-7) was discarded into a container holding a prepared hypochlorite solution.

[bookmark: _Toc98933940]2.4.2. Preparation of culture media
Each culture medium was prepared according to the instructions of the manufacturer. 

[bookmark: _Toc98933941]2.4.3. Determination of the total aerobic plate count
The total aerobic plate count is a hygienic indicator used to assess the number of colonies forming unit (CFU) present in a product. 
Using the spread plate method in accordance with NF EN ISO 4833-2:2013 [11], 0.1mL (100µL) of the 10-6 and 10-7 dilutions, previously incubated overnight at 37°C for 6-12h were each inoculated into two Petri dishes containing PCA (Scharlab, Spain). The inoculated PCA plates were incubated at 30°C for 72h. Colonies were counted manually and results expressed as colony forming unit per ml of sample homogenate (CFU/mL).

[bookmark: _Toc98933942]2.4.4. Enumeration and identification of researched pathogens
It was realized according to the standard methods in microbiological analysis. 

[bookmark: _Toc98933944]2.4.4.1. Salmonella
The microbiological analysis for the presence of Salmonella in the sliced fruits samples was carried out according to the method described in standard NF EN ISO 6579-1:2017 [12].

[bookmark: _Toc98933945]Pre-enrichment of samples
The stock solution (25g of fruit + 225mL of peptone water) prepared beforehand was gently homogenized for one minute then incubated for 18h at 37°C. 

[bookmark: _Toc98933946]Enrichment
A volume of 0.1 mL of the pre-enriched solution was transferred for enrichment into 10 mL of Selenite broth (TM Media, India) and incubated for 24h at 41.5°C.  

[bookmark: _Toc98933947]Isolation
[bookmark: _Toc98933948]0.1ml of the enriched solution was inoculated using the spread plate method on SS agar (Condalab, Spain) for the isolation of Salmonella spp. The inoculated plates were incubated for 24h at 37°C. Five suspected colonies of Salmonella spp (smooth and colorless with a black center) were preserved for biochemical identification.

2.4.4.2. Escherichia coli
The microbiological analysis of E. coli in the sliced fruits was performed according to the methods described by the standard NF EN ISO 16654:2001 [13]. From the enriched solutions (10-6 dilution and 10-7 dilution) prepared from the stock solution previously incubated at 37°C for 24h, 0.1 mL was inoculated each into two Petri dishes containing EMB (TM Media, India) using the spread plate method. The inoculated plates were incubated at 44°C for 24h. Suspected colonies of E. coli (greenish metallic sheen under reflected light) were preserved for biochemical identification.

[bookmark: _Toc98933949]2.4.5. Enumeration of the germs and expression of results
In accordance with NF EN ISO 4833-2:2013 [11], (concerning general rules for colony counting and expression of results), colonies were considered countable if their number was between 30 and 300. Above 300, they were considered uncountable, and below 30, they were considered too few to count.
The following formula was used to calculate the number of CFU/ mL: 
[image: ]
Description: 
· N = number of CFU/ mL of the initial product;
· ∑colonies = sum of colonies of the countable plates;
· V(mL)= volume of the solution inoculated (0.1 mL);
· n1 = number of plates considered for the first dilution retained;
· n2 = number of plates considered for the second dilution retained;
· d1 = factor of the first dilution retained.
[bookmark: _Toc97199606]After counting the microorganisms, the products were classified as acceptable, marginally acceptable or unacceptable according to the microbiological criteria applicable to food stuffs in the republic of Algeria [10] mentioned in the following table (Table 1):

Table 1: Microbiological criteria applicable to fresh fruits and vegetables ready for consumption.
	MICROORGANISMS
	SAMPLING PLAN
	MICROBIOLOGICAL LIMITS
CFU/g or CFU/ml

	
	n
	c
	M
	M

	Total aerobic plate count
	5
	2
	5.106
	5.107

	E. coli
	5
	2
	102
	103

	Salmonella
	5
	0
	ABSENCE/25 g



According to the microbiological criteria applicable to food stuffs in the republic of Algeria: 
· “n” represents the number of units making up the sample (sample size);
· “m” is the number of germs present in a gram or a milliliter of the analyzed product, which corresponds to the value below which the quality of the product is considered acceptable;
· “M” is the number of germs present in a gram or a milliliter of the analyzed product, which corresponds to the value above which the quality of the product is considered unacceptable;
· “c” is the maximal number of units in the sample of an analyzed product which can exceed “m” while being inferior to “M” without the batch being rejected.

[bookmark: _Toc98933950]2.4.6. Biochemical identification and characterization
After Gram staining, biochemical characterization consisted of the following biochemical tests: urease, indole production, fermentation of glucose, lactose, production of H2S and of gas.
[bookmark: _Toc98933951]
2.4.6.1. Urease test
After isolating the suspected colonies of E. coli and Salmonella spp, this was the first test to be performed. One suspected colony from each plate was taken and inoculated onto urea-tryptophan medium (Biomérieux, France) then incubated at 37°C for approximately 18-24h. A red coloration indicated alkalinisation of the medium by urea positive bacteria. An orange or yellow coloration indicated an absence of urea hydrolysis for urease negative bacteria (negative test with E. coli and Salmonella). 

[bookmark: _Toc98933952]2.4.6.2. Indole test
Two drops of Kovacs reagent (TM Media, India) were introduced into the urea negative tubes in order to reveal indole production by a complex tryptophanase. The appearance of a bright pink ring indicated the presence of indole positive bacteria (positive test with E. coli) and the appearance of a yellow ring indicated indole negative bacteria (negative test with Salmonella).

[bookmark: _Toc98933953]2.4.6.3. Test of fermentation of glucose, lactose, production of H2s and of gas
These tests were performed on KIA culture medium (TM Media, India), a semi-solid medium left to cool in tubes in a slanted position. The suspected colonies previously isolated were inoculated by closely spaced streaks onto the slant of the KIA medium using a Pasteur pipette and the butt was inoculated by a central stab down to the bottom of the tube using the same pipette. After loosening the caps, the tubes were incubated at 37°C for 24h. After incubation, four characteristics were observed: glucose, lactose, gas and H2S. Glucose positive and lactose negative bacteria (Salmonella) first acidified the medium through aerobic glucose utilization, with the slant turning from red to yellow but the butt remained unchanged. Glucose-positive and lactose-positive bacteria (E. coli) acidified the entire medium which changed from red to yellow. Gas production (carbon dioxide) was detected by the lifting of the agar (E. coli). The presence of H2S was materialized by the formation of a black precipitate (ferric sulfide) at the limit between the slant and the butt (Salmonella).

[bookmark: _Toc98933954]2.5. Statistical analysis
The collected data were analysed with EXCEL and the EPI info 2000 software (version 3.3.2). The statistical analysis used the chi square-test for the comparison of qualitative variables. A p-value ≤ 0.05 was considered significant.

[bookmark: _GoBack]3. results and discussion
[bookmark: _Toc98933959]3.1. Demographic characteristics
3.1.1. Distribution of vendors according to sex and age group
[bookmark: _Toc98933961]Our study population consisted mainly of female vendors with 60% women and 40% men. The age of our study population ranged from 22 to 47 years, with a mean age of 34.7 years. The most represented age group was 20 to 40 years comprising 8 vendors, representing 80% of the overall population. Two vendors were 40 years old, accounting for 20% of the study population. The predominance of a young and working-age population is characteristic of the informal food sector in many African urban contexts, where street food vending constitutes the primary source of income due to very high unemployment rates [14,15]. Women dominated the vendor population at 60%, while men represented 40%, which is consistent with the study conducted by Olu-Taiwo et al. (2021) [7]. The strong representation of women in the informal food sector provides them with an economic opportunity that aligns more easily with their domestic responsibilities compared to formal employment [16]. 

3.1.2. Distribution of vendors according to level of education and according to years of experience in fruit vending
Our study population consisted primarily of vendors whose highest level of education was high school (30%) and secondary school (30%) (Figure 1). None of the vendors had received any training in good hygiene practices or food safety. The lack of training in good hygiene practices constitutes a major risk factor for contamination. Indeed, studies conducted by Mensah et al. (2002) [17] and Bryan et al. (1997) [18] revealed that the lack of knowledge regarding the basic principles of food hygiene, such as cross-contamination, temperature control, and personal hygiene, directly contributes to the contamination of ready-to-eat foods.

[bookmark: _Hlk219463709]
[bookmark: _Toc97199406]Figure 1: Distribution of the population according to level of education.
This finding is notably different from that of Olu-Taiwo et al. (2021) [7], who reported that, 68% of their study population had received formal education. This discrepancy may be attributed to differences in the socioeconomic profiles or geographic locations of the study populations.
In terms of professional experience, the majority of vendors (70%) had been selling fruit for less than five years. Three vendors (30%) had between five and ten years of experience, and only one (10%) had more than a decade of experience in the trade. This distribution suggests a relatively high turnover or a recent influx of vendors into this specific sector of street food vending.
[bookmark: _Toc98933963]Regardless of their origin, the fruits sold by all vendors were found to be contaminated, with total aerobic plate counts (TAPC) exceeding the critical limit of 5.0 x 10⁷ CFU/g. A vendor with ten years of experience may, due to ignorance of good hygiene practices, apply poor hygiene habits for a decade. This aligns with the findings of Muinde and Kuria. (2005) [19], who emphasized that "training, and not merely experience, is the main predictive factor for hygiene practices among food handlers." The universal contamination of samples, regardless of vendor seniority, strongly reinforces the conclusion that the primary intervention required is not simply greater experience, but targeted practical training in the principles of food safety and hygiene.

3.2. Hygiene practices of vendors
3.2.1. Use of water for the preparation and sale of sliced fruit
Regarding water supply, the main sources used by vendors in our population were tap water provided by the national water utility (CAMWATER) (50%), water from boreholes/drilling (40%), and well water (10%) (Table 2).

Table 2: Hygiene practices of vendors
	Hygiene practices of vendors
	n(%)

	Use of water for 
the preparation and 
sale of sliced fruit
	Sources of water used by vendors
	Well
	1(10%)

	
	
	Drilling
	4(40%)

	
	
	Faucet
	5(50%)

	
	Rate at which hand washing was practiced
	More than 3 times
	1(10%)

	
	
	At least 3 times
	3(30%)

	
	
	Less than 3 times
	6(60%)

	
	Washing fruits
	Yes
	4(40%)

	
	
	No
	6(60%)

	Sale mode
	Different modes of arrangement of slided fruits.
	Tray
	1(10%)

	
	
	Wheel barrow
	1(10%)

	
	
	Counter
	2(20%)

	
	
	Bucket
	6(60%)

	Vending 
Operations and
storage of whole fruits
	Customers handling fruits before purchase.
	Yes
	6(60%)

	
	
	No
	4(40%)

	
	Temperature at which fruits were sold
	Presence of ice
	2(20%)

	
	
	Absence of ice
	8(80%)



[bookmark: _Toc98933965]This distribution differs markedly from findings reported by Yaouba et al. (2019) [20] in Dschang, Cameroon, where a wider variety of sources was observed: 49.8% of vendors used well water, 20.55% used rainwater, 15% used tap water, 9.45% used borehole water, 3.53% used spring water, and 1.67% used river water. This discrepancy can likely be attributed to seasonal and geographical factors. Our study was conducted during the dry season (January-February), which may limit the availability of alternative sources such as rainwater, forcing vendors to rely more heavily on tap and borehole water. In contrast, the study by Yaouba et al. [20] may have spanned both wet and dry seasons, capturing the use of seasonal sources like rainwater. Furthermore, urban vs. peri-urban settings may influence access to piped water infrastructure.
[bookmark: _Toc98933967]A concerning finding of this study is that 60% of vendors did not wash their fruits before peeling, and the same proportion did not wash their utensils before use (Table 2). This omission represents a critical control point failure in the preparation process. The surface of whole fruits, even those appearing visually clean, can harbor a wide range of microorganisms, including bacterial pathogens such as Salmonella and E. coli, acquired from soil, dust, handling during transport, and storage surfaces [5]. Failure to wash the fruit before cutting allows these surface contaminants to be transferred from the peel to the edible flesh via the knife during peeling and slicing. Similarly, unwashed utensils serve as a direct vehicle for cross-contamination. Our results are consistent with those of several authors who have linked insufficient washing of fruit and utensils to the microbiological contamination of sliced fruit [5, 7,8,21]. For instance, Barro et al. (2006) [22] demonstrated that contaminated utensils and surfaces are among the primary sources of foodborne pathogens in street-vended foods in West Africa. The consistency of these findings across different studies underscores the universal nature of this hygienic lapse and its significance as a risk factor.
Hand hygiene practices among the vendors were also found to be suboptimal. The majority of vendors (60%) washed their hands fewer than three times daily, while 30% washed their hands at least three times daily, and only 10% washed their hands more than three times daily (Table 2). Furthermore, the practice of washing hands with soap was reported to be rarely, if ever, employed. This finding is particularly alarming given that hands are a primary vector for the transmission of fecal-oral pathogens. In the absence of adequate handwashing with soap, vendors can easily contaminate fruits, utensils, and other surfaces with microorganisms, from fecal matter if they have used sanitary facilities without proper cleaning [8]. According to numerous studies, this neglect of basic hand hygiene constitutes a critical determinant in the occurrence of foodborne disease outbreaks associated with informal food vending [8,23]. Mensah et al. (2002) [17] emphasized that handwashing with soap is one of the most cost-effective interventions for preventing diarrheal diseases, yet it remains one of the most neglected practices among food handlers. 
The combination of unwashed fruit, dirty utensils, and poor hand hygiene creates a perfect storm for microbial contamination, explaining the high microbial loads observed in the sliced fruit samples in this study.

3.2.2. Sale mode
The analysis of sale modes and fruit presentation conditions revealed multiple factors contributing to the microbiological contamination of sliced fruits.
The majority of vendors (60%) sold their fruits from buckets placed on top of counters, while 20% placed the fruits directly on the counter surface, 10% used trays on counters, and 10% displayed their fruits on wheelbarrows (Table 2). These makeshift display units, often constructed from recycled materials, are characteristic of the informal street food sector in many African cities [24]. However, they present significant hygiene challenges.
[bookmark: _Toc98933968]A critical observation from this study is that all fruit samples were exposed to dust, flies, and direct sunlight, regardless of the display mode. This universal exposure represents a major public health concern. Dust particles can carry a wide variety of microorganisms, including spore-forming bacteria and pathogens from soil and human activity [23]. Flies (Musca domestica and other species) are particularly effective mechanical vectors of pathogens; they breed and feed on fecal matter, garbage, and other decomposing organic material, and can transfer bacteria such as Escherichia coli, Salmonella spp., and Shigella spp. directly onto food surfaces through their feet, mouthparts, and vomitus [24,25]. The presence of flies on exposed cut fruits, as observed in this study, constitutes a direct and continuous source of contamination throughout the sales period.
All vendors in this study used polyethylene bags (thin plastic bags) to package the sliced fruits for customers. While polyethylene bags provide a convenient and inexpensive packaging solution, they offer no barrier against temperature fluctuation and, if stored improperly, can themselves become vectors of contamination. Previous studies have documented that plastic bags used by street food vendors are often stored in unhygienic conditions, handled with unwashed hands, introducing additional contamination risks [26,27].
Notably, iceboxes or any form of refrigeration were not used by any of the vendors in this study. All fruits were sold at ambient temperature and exposed to direct sunlight for several hours. This practice creates optimal conditions for the proliferation of microorganisms. Sliced fruits, with their high water activity and nutrient content (sugars, vitamins), provide an excellent growth medium for bacteria [8]. The ambient temperatures in Douala during the study period (January–February) typically range from 28°C to 34°C, which falls well within the optimal growth range for mesophilic bacteria (20°C to 45°C). The absence of a cold chain is particularly problematic for the proliferation of mesophilic pathogens such as Salmonella spp. and pathogenic E. coli, which can multiply rapidly at these temperatures, potentially reaching infectious doses within a few hours of exposure [8,23]. Ambient temperatures also accelerate enzymatic activity within fruit tissue, leading to softening and the release of nutrients that further support bacterial growth. This finding corroborates the work of Mensah et al. (2002) [17] who identified temperature abuse as one of the most significant contributing factors to foodborne illness outbreaks associated with ready-to-eat foods. 
The sale modes observed in this study characterized by open display, absence of refrigeration, exposure to flies and dust, and inadequate packaging create a cumulative set of risk factors that favour both the initial contamination and subsequent proliferation of pathogenic microorganisms in sliced fruits. These findings underscore the urgent need for simple, low-cost

3.2.3. Vending operations and storage of whole fruits
In our study,60% of vendors allowed customers to touch the sliced fruits before making a purchase, while only 40% restricted handling to themselves (Table 2). This practice of allowing direct customer contact with ready-to-eat food represents a critical point for microbiological contamination. When customers handle sliced fruits, they transfer microorganisms from their hands directly onto the food surface. Human hands, particularly when not washed with soap after using sanitary facilities, can harbor fecal bacteria including Escherichia coli and Salmonella spp. [5,7,23]. These pathogens are primarily found in feces, and their presence on food is considered a reliable indicator of fecal contamination, particularly for E. coli [7,23,28]. This finding aligns with study by Olu-Taiwo et al. (2021) [7], who identified direct customer handling as a significant risk factor for the contamination of street-vended ready-to-eat foods. This practice effectively transforms each customer into a a potential vector of contamination, with pathogens from one individual potentially being transferred to the fruit and subsequently to other customers.
Regarding temperature management, the vast majority of vendors (80%) sold their fruits without any form of cooling, maintaining the products at ambient temperature. Only 20% of vendors used ice in the buckets containing sliced fruits for sale (Table 2). This finding is consistent with the previously noted absence of iceboxes and refrigeration. The absence of temperature control essentially negates any efforts made to reduce initial contamination levels, as any surviving bacteria are provided with ideal conditions for growth.
[bookmark: _Toc98933969]Our study also identified deficiencies in pre-vending practices, specifically regarding the transport and storage of whole fruits before preparation. Vendors were observed to transport whole fruits to selling points inadequately, which may be attributed to limited resources to afford refrigerated transport. Furthermore, whole fruits were stored on-site covered by dirty tarpaulins [20]. This practice is problematic because whole fruits, despite their protective epidermal layer, can become contaminated on their surface during transport and storage. Dust, soil, insects, and other environmental contaminants accumulate on fruit surfaces. When fruits are subsequently peeled and cut, these surface contaminants can be transferred to the edible portions via knives, cutting surfaces, and hands [5, 8]. The use of dirty tarpaulins for coverage not only fails to protect the fruits adequately but may actually introduce additional contaminants from the tarpaulin itself. This observation is consistent with findings from Yaouba et al. (2019) [20], who documented similar inadequate storage practices among fruit vendors in Cameroon. The cumulative effect of these deficiencies, from transport to storage to preparation to sale creates multiple opportunities for contamination throughout the entire supply chain, explaining the elevated microbial loads observed in the final products.
[bookmark: _Toc98933971]
3.3. Microbial population
The mean TAPC of each batch of fruits collected from each vendor were all above the standard microbiological limits of 5.107, with vendor 10 having the highest count of 4,2.1019 CFU/g (table 3).
[bookmark: _Toc97199609]
Table 3: Distribution of the microbial population according to vendors and vending sites.
	


	Vending sites
	


	
	Parcours Vita
	Bonamoussadi market
	Logpom
	Rhône Poulenc
	Ndokoti
	

	Microorganisms researched
	V1 (1019)
	V2 (1019)
	V3 (1019)
	V4 (1019)
	V5 (1019)
	V6 (1019)
	V7 (1019)
	V8 (1019)
	V9 (1019)
	V10 (1019)
	Microbiological limits (CFU/g)

	TAPC
	1,8
	3,3
	2,7
	3,7
	1,7
	2,2
	2,1
	1,5
	2,6
	4,2
	< 5.107

	E. coli
	0
	3,2
	0
	0
	0
	0
	0
	0
	0
	4,6
	< 103

	Salmonella
	0
	0
	0
	0
	P
	0
	P
	0
	0
	0
	Absence/25g

	Decision taken on batch
	UA
	UA
	UA
	UA
	UA
	UA
	UA
	UA
	UA
	UA
	


V= vendor                        P= presence of Salmonella                 UA= unacceptable
[bookmark: _Toc98933976]The microbiological analysis revealed alarmingly high levels of contamination across all samples. The mean Total Aerobic Plate Count (TAPC) of each batch of fruits collected from every vendor exceeded the standard microbiological limit of 5.0 x 10⁷ CFU/g, indicating that all products were unacceptable for human consumption according to the criteria applicable to foodstuffs [10]. This universal exceedance of regulatory limits is particularly concerning as it demonstrates that the hygienic failures observed were not isolated to a few vendors but were systemic throughout the study population. High aerobic plate counts suggest one or more of the following: contamination from raw materials (whole fruits), inadequate cleaning and sanitation of equipment, poor personal hygiene among food handlers, improper storage temperatures, or excessive time between preparation and sale [6,8]. Of particular note, vendor 10 had the highest count of 4.2 x 10¹⁹ CFU/g, an extraordinarily elevated level that indicates massive microbial proliferation. This extreme value far exceeds not only the regulatory limit but also typical contamination levels reported in similar studies [7,20]. Such a count suggests either a complete absence of any hygienic measures, prolonged storage at ambient temperatures, or contamination of the fruits with organic material of fecal origin prior to sampling. The fact that even vendors with more years of experience (such as those with 5-10 years or >10 years in the trade) also had counts exceeding the limits reinforces our earlier conclusion that experience alone, without formal training in hygiene practices, is insufficient to ensure food safety [8]. This finding aligns with the work of Muinde et al. (2005) [19], who demonstrated that targeted hygiene training, rather than years of experience, is the key determinant of safe food handling practices. These elevated TAPC values have direct public health implications. High aerobic counts indicate that the fruits provide a favorable environment for microbial growth and that conditions during processing and sale (temperature, time, humidity) have allowed bacteria to multiply. While not all aerobic bacteria are pathogenic, their presence in such high numbers indicates that if pathogens such as Salmonella or pathogenic E. coli were present, they would also have had the opportunity to proliferate to infectious doses [5,21]. Furthermore, high bacterial loads accelerate food spoilage through enzymatic degradation, reducing shelf life and potentially exposing consumers to high levels of bacterial metabolites and toxins even if the original pathogens are no longer viable [6].
The universal contamination observed in this study underscores the urgent need for comprehensive interventions targeting all aspects of the sliced fruit vending chain, from the initial handling of whole fruits through to the final point of sale.
Salmonella was isolated from two fruit samples, both papaya, belonging to vendors 5 and 7, representing 20% of the vendor population (Table 3). The isolation of this pathogen from sliced fruit constitutes a serious public health concern. Classified as a Group 3 biological hazard by the World Health Organization, Salmonella spp. can cause severe gastrointestinal illness, including salmonellosis, which may progress to systemic infection in vulnerable populations such as children, the elderly, and immunocompromised individuals [21]. The presence of Salmonella in sliced papaya is consistent with findings from multiple studies across sub-Saharan Africa. The isolation of this pathogen specifically from papaya may relate to the fruit's surface characteristics (rough, netted texture) which can trap and protect microorganisms from removal during inadequate washing [7,29].
E. coli was isolated from two fruit samples belonging to vendors 2 and 10, with alarmingly high concentrations of 3.2 × 10¹⁹ CFU/g and 4.6 × 10¹⁹ CFU/g, respectively (Table 3). The presence of E. coli in food is particularly significant as it serves as a specific indicator of fecal contamination [5,21]. Unlike Salmonella, which may originate from various animal and environmental sources, E. coli in food almost invariably indicates direct or indirect contamination with fecal material. The extremely high concentrations observed suggest either massive fecal contamination or significant bacterial proliferation under favorable conditions (ambient temperature, high water activity, nutrient-rich fruit matrix). This finding corroborates studies by Mensah et al. (2002) [17], Muinde et al. (2005) [19], and Barro et al. (2006) [22], who isolated E. coli from street-vended foods and attributed its presence to poor personal hygiene, inadequate handwashing, and fecal contamination of water sources. The presence of this fecal indicator can be directly explained by the hygiene deficiencies documented in our study: infrequent handwashing (60% washed hands <3 times daily), absence of soap use, shared wash water, and allowing customers to handle fruits (60% of vendors). These practices create multiple opportunities for fecal-oral transmission of enteric pathogens
According to the two-class and three-class sampling plans applied in this study [10], each batch from all vendors had more than two fruits with TAPC exceeding 5.0 × 10⁷ CFU/g, rendering all batches unacceptable on the basis of aerobic plate counts. Vendors 2 and 10 had at least one fruit in their batch with E. coli counts exceeding 10³ CFU/g, the threshold for marginal acceptability. Vendors 5 and 7 had at least one fruit in their batch contaminated with Salmonella spp., which, under a two-class plan, renders the entire batch unacceptable regardless of other parameters. Therefore, according to standard microbiological limits, all batches from all vendors were classified as unacceptable for human consumption [10]. This universal classification underscores the systemic nature of the hygiene failures observed and highlights the urgent need for interventions targeting the entire sliced fruit vending sector in Douala.

3.4. CCP and factors favouring contamination 
Washing of hands with soap was not practiced by the vendors. All the fruits were exposed to flies, dust and direct sunlight and most vendors did not use ice. Furthermore, none of the vendors had a training in good hygiene practices. Vendors 2, 5, 7 and 10 from whom were isolated strains of E. coli and Salmonella, did not respect any hygiene practices (Table 4). 
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Table 4: Link between factors favoring contamination and microorganisms isolated per vendor.
	Factors favouring
contamination
	V1
TAPC
	V2
TAPC & E. coli
	V3
TAPC
	V4
TAPC
	V5
TAPC & Salmonella
	V6
TAPC
	V7
TAPC & Salmonella
	V8 TAPC
	V9 TAPC
	V10
TAPC & E. coli

	Washing hands with soap ?
	No
	No
	No
	No
	No
	No
	No
	No
	No
	N o

	Washing hands daily
	MTTT
	LTTT
	LTTT
	ALTT
	LTTT
	ALTT
	LTTT
	ALTT
	LTTT
	LTTT

	Washing fruits and untensils ?
	Yes
	No
	No
	Yes
	No
	Yes
	No
	Yes
	No
	No

	Source of water
	F
	F
	D
	D
	Well
	D
	D
	F
	F
	F

	Working surface clean ?
	No
	No
	No
	No
	No
	No
	No
	Yes
	No
	No

	Sale mode
	B
	B
	C
	C
	B
	B
	Tray
	B
	B
	Wb

	Exposed to flies, dust and sunlight?
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Dustbins near by ?
	Yes
	Yes
	No
	No
	Yes
	Yes
	Yes
	No
	Yes
	Yes

	Presence of ice ?
	No
	No
	No
	No
	No
	Yes
	No
	Yes
	No
	No

	Customers handling fruits ?
	No
	Yes
	Yes
	No
	Yes
	No
	Yes
	No
	Yes
	Yes

	Training in GHP ?
	No
	No
	No
	No
	No
	No
	No
	No
	No
	No


V= vendor         C= counter          D= drilling          B= bucket           F= faucet        Wb= wheelbarrow
MTTT= more than three times           LTTT= less than three times          ALTT= at least three times
The identification of Critical Control Points (CCPs) in the food preparation process is essential for developing targeted interventions to improve food safety. In the context of sliced fruit vending, CCPs represent steps where control measures can be applied to prevent, eliminate, or reduce contamination to acceptable levels [8,23,30]. The present study identified multiple failures at potential CCPs throughout the preparation and sale process (Figure 2).


[bookmark: _Toc97199413]Figure 2: CCP and factors favoring contamination at each step of the slided fruit production chain.

The isolation of E. coli from vendors 2 and 10 strongly suggests fecal contamination, which is most plausibly explained by hand contact following toilet use without adequate handwashing [5,7,21]. The observation that washing of hands with soap was not practiced by any of the vendors represents a fundamental failure at the most basic CCP in food handling [8].
The absence of protective barriers (mesh screens, display cases) at the point of sale represents a missed opportunity to control this CCP. Simple, low-cost interventions such as the use of food-grade mesh covers could significantly reduce contamination from both insect vectors and airborne particulates [25].
The observation that all fruits were exposed to flies, dust, and direct sunlight identifies environmental contamination as a critical control point that was entirely uncontrolled in this study. The absence of protective barriers (mesh screens, display cases) at the point of sale represents a missed opportunity to control this CCP. Simple, low-cost interventions such as the use of food-grade mesh covers could significantly reduce contamination from both insect vectors and airborne particulates [24].
The finding that most vendors did not use ice represents a failure to control temperature as a CCP. Temperature abuse is particularly critical because it amplifies the effects of other hygienic failures. Even minimal initial contamination can become hazardous if products are held at ambient temperatures for extended periods [18,26]. The combination of contamination events (from hands, flies, utensils) followed by temperature abuse creates ideal conditions for pathogen multiplication to infectious doses.
The finding that none of the vendors had received training in good hygiene practices identifies lack of knowledge as the fundamental underlying factor enabling all other contamination risks.
This knowledge deficit explains why even vendors with years of experience (such as vendor 10 with >10 years in the trade) still produced contaminated products. As emphasized by Mensah et al. (2002) [17] and Muinde et al. (2005) [19], experience without training may actually reinforce poor practices rather than improve them.
The identification of these CCP failures suggests that effective interventions must be multi-faceted: training programs targeting basic food hygiene principles, including the importance of handwashing with soap, temperature control, and protection from environmental contaminants. Provision of infrastructure such as access to clean water, soap, and affordable cooling solutions (ice, insulated containers). Simple technologies including mesh food covers to protect against flies and dust. Regulatory oversight including licensing requirements that mandate hygiene training. Without addressing these fundamental control points, the sliced fruit vending sector in Douala will continue to pose significant public health risks to consumers.

4. Conclusion
The findings of this study demonstrate that the lack of training in good hygiene practices is a major contributing factor to the microbiological contamination of sliced fruit sold on the streets of Douala. The analysis identified several critical control points along the vending chain, including inadequate personal hygiene among vendors, unsanitary sales environments, and recurrent failures in maintaining the cold chain and proper storage conditions. These factors were directly associated with the presence of pathogenic bacteria, particularly Escherichia coli and Salmonella spp., in the fruit samples analyzed. Effective control of these critical points by public health and hygiene services would therefore be essential to prevent contamination, ensure consumer safety, and guarantee compliance with national and international food safety standards.
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TRANSPORT/
RECEPTION OF WHOLE FRUITS


Whole fruits are transported to selling points by motorcycles, tricycle motors and taxis which are not proper means of transportation of fresh produces. 


STORAGE OF WHOLE FRUITS (*CCP)


The whole fruits are stored at the selling site covered by dirty tarpaulins or spread on the floor of a storage room or backyard at home.  


WASHING OF HANDS, FRUITS AND UTENSILS (*CCP)


PEELING, SLICING AND PACKAGING (*CCP) 


VENDING (*CCP)



Most vendors don't bother washing the fruits, those who wash them use just one bucket of water to wash a lot of fruits. Washing of hands is rarely practiced and done without soap. Most of the utensils used are not clean.


working surfaces are dusty and unkept, with flies and ants everywhere. utensils and hands are not washed after peeling a fruit, they are immediately used to slice and package the fruits. With presence of near by dustbins.


passing vehicles raise dust which are deposited on the exposed sliced fruits. fruits are exposed to flies, direct sunlight and are sold at room temperature without ice. No fruit is placed in a cooler for sale. customers manipulate the fruits to make their choices.
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