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[bookmark: _GoBack]ABSTRACT: The health quality of vegetables sold in Cameroon is still not well known. The objective of this study was to determine the health risk associated with the consumption of vegetables sold in markets in Foumbot, to inform strategies for consumer protection. Hundred samples of vegetables (Carrots, celery, basil, parsley, lettuce, tomato, African eggplant, cucumbers, peppers, chillies), i.e. 50 per market (the central and fresh food markets) were taken and faecal coliforms, E. coli, Shigella sp, Salmonella sp and faecal streptococci were investigated using the plattage technique. The one-way ANOVA test (analysis of variance) was used to compare the mean bacterial contamination levels among samples for all analyses, differences were considered significant for values of P < 0.05. Results showed that the bacterial load in the samples exceeded the standards set by the Health and Information Communication System (SCISCOM. Observed values were: African eggplant (4.48 to 5.90 Log CFU/g), basil (4.77 to 4.84 Log CFU/g), carrots (4.42 to 6.05 Log CFU/g), celery (4.54 to 4.84 Log CFU/g), cucumbers (4.59 to 5.64 Log CFU/g), lettuce (3.73 to 4.72 Log CFU/g), parsley (4.01 to 5.98 Log CFU/g), peppers (2.66 to 5.75 Log CFU/g), chillies (4.31 to 4.92 Log CFU/g) and tomatoes (4.09 to 4.89 Log CFU/g). Overall, only a few vegetable samples had bacterial loads that met the standard set by Scicom (1000 faecal coliforms/g, 100 E. coli/g and 0 CFU/25g of vegetable for Shigella sp, Salmonella sp and faecal streptococci). The presence of these bacterial, which exceed the norm, represents a real risk for consumers and is thought to be responsible for the presence of food-borne illnesses in the commune of Foumbot. Consequently, it is imperative to implement education and awareness strategies on food hygiene among vendors and consumers and, establish food safety management protocols, in collaboration with local health authorities. Protecting consumer health and ensuring food safety must become priorities in local public health policies.
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1. INTRODUCTION
The last decade has been marked by rapid growth in the population in cities in developing countries (United Nations, 2015). This population explosion and increased urbanization are subjecting the population to difficulties in the supply of fresh food products (Djegbe et al, 2018). However, nutrition is a basic human need, and as an essential part of daily life, food security is considered a major public health priority worldwide (Patel and Rathod, 2017). Fruits and vegetables are therefore essential components of the human diet that provide essential nutrients to the body such as vitamins, minerals and fiber. It is established that insufficient consumption of fruits and vegetables contributes to the increase in chronic non-communicable diseases such as diabetes and cardiovascular diseases (Hyson, 2011). These are diseases known to be among the leading causes of death and disability in the world, with 2.7 million deaths per year. Based on this observation, WHO and FAO (Food and Agricultural Organisation) encourage and recommend a daily intake of 400 g of fruits and vegetables (WHO, 2004; Kouadio 2022).
Cases of collective food poisoning associated with the consumption of vegetables have increased in developed countries over the last twenty years, involving pathogenic microorganisms. The most significant recent poisoning occurred in Germany in 2011, following the consumption of vegetables, caused by a strain of E. coli; the reported data show 3,816 cases of bloody diarrhea, 845 cases of Hemolytic Uremic Syndrome (Toe, 2018). Diseases associated with the consumption of contaminated fruits and vegetables are therefore common in several regions of developing countries, but they still remain underestimated (Barth. et al., 2009;  Bala et al., 2018; Djegbe et al., 2018; Toe, 2018; Erhirhie et al., 2020, Ohiduzzaman et al., 2022;  Kaptué et al 2024). Despite the benefits of eating fruits and vegetables, many studies have shown that these foodstuffs, when consumed fresh, provide an ideal substrate for microbial contamination (Mbae et al., 2018). From a health safety perspective, these are products known to be foods at risk of transmitting pathogenic microorganisms. These pathogenic microorganisms can therefore be the cause of several diseases such as cholera, caused by Vibrio cholerae, which the World Health Organization estimated at around 3 million clinical cases and more than 95,000 deaths (Cholera Surveillance Interim Guidelines, 2023), typhoid fever which affects nearly 9 million people and causes nearly 11,000 deaths (Akwa and Nguimbous, 2021). 
Cameroon is no exception to this problem, with recurring cholera epidemics since 1974, recording 26 new cases and 502 cases of dehydrating diarrhea in children under five, as well as 9,671 cases of typhoid fever, resulting in 344 deaths (ONSP, 2022). In an effort to eradicate these diseases, the Cameroonian government, in collaboration with national and international partners, is implementing various initiatives, including improving access to drinking water, deworming campaigns and urban sanitation programs. However, the irrigation and marketing of market garden products are often neglected, despite their crucial role in the transmission of these diseases. In Foumbot, vegetables are irrigated both in the rainy and dry season. In the dry season, due to absence of rains, vegetables are irrigated using alternative water sources some of which are of poor quality. Studies by Ntangmo Tsafacket al. (2023) on the health quality of vegetable in Mbouda- Cameroon highlights poor quality water used in irrigation affecting the health quality of vegetable products. This situation raises concerns about the eating habits of the population in Foumbot, who are increasingly consuming raw vegetables. Thus, it is imperative to assess the health quality of vegetables irrigated and sold in the markets in the municipality of Foumbot, especially since no data is available on this subject. The municipality of Foumbot is positioned as the main agricultural granary of Cameroon in the market gardening sector and is a major supplier for national and sub-regional markets (Data Cameroon, 2023). 
In this context, the main objective of this study is to assess the health risk associated with the consumption of vegetables marketed in the municipality of Foumbot, by analysing their bacterial contamination. This research is of crucial importance in raising awareness among consumers as well as actors in the production chain about the importance of hygiene and food safety. By providing precise data on the microbiological quality of vegetables, this study aims to inform decision-makers and guide public health policies. The objective is to guarantee food safety and protect the health of consumers in the region, while promoting more informed and responsible consumption of market garden products.

2. MATERIAL AND METHODS
2.1 Presentation of the study area
Located in the West-Cameroon region, Noun Department, the Foumbot municipality is located at 5.50803˚ latitude north and 10.6325˚ longitude west, with a population of 77,130 inhabitants and an area of 579 km². It is located in the so-called tropical Sudano-Guinean climate zone and has two seasons: a rainy season which ranges from mid-March to mid-November and a dry season which ranges from mid-November to mid-March (Mfokou, 2018). The average rainfall in this area varies between 2500 and 5000 mm of rain per year. The main boundary on the west side of this municipality is marked by the Noun River, the main hydrographic resource of Foumbot. The soils are mostly of volcanic origin; but mainly made up of tropical ferruginous soils that are not very leached and black with a high agronomic value (Communes and united towns of Cameroon, 2014 in Mfokou, 2018). It is an essentially rural area because agriculture remains at more than 84% of the primary economic activity most practiced by the population. The municipality has mainly two markets namely; the central market and the B market or fresh food market which is the main supplier of Cameroonian markets and the sub-region in market garden products and others (Mfokou, 2018).
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Fig. 1. Location map of Foumbot municipality (extract from the National Institute of Cartography data base, 2021, field data)

2.2 Sampling of vegetables
The vegetable samples were collected on a random basis (after purchase) from the vendors who agreed after a brief presentation of the objective of the work. As no data was available on the number of vegetable vendors, and in order to obtain a representative sample, the samples were collected from the majority of vendors.  Sampling of vegetables took place in dry season from markets following their harvest. Markets were chosen for sampling than farmlands due to the ease of collection of representative samples purchased and consumed by the population. Three groups of vegetables consisting of leafy vegetables, roots and fruits were chosen. Carrots, celery, basil, parsley, lettuce, tomato, African eggplant, cucumbers, peppers, chillies were purchased from traders at the market. These vegetables were chosen because they are the most sold and available at any time of the year and can be eaten raw. In total, 100 vegetable samples were collected, i.e. 10 samples per type of vegetable (5 samples per market), including 50 in the central market and 50 others in the fresh food market. The different vegetables were purchased from the different sellers having the desired vegetables, then placed in a refrigerated enclosure and transported to the The bacteriological analysis was carried out i the laboratory of the Biogeoscience research team of the Soil Analysis and Environmental Chemistry Research Unit of the Faculty of Agronomy and Agricultural Sciences at the University of Dschang for analysis.

2.3 Sample processing and analysis
Bacteriological analysis of vegetables
This analysis was carried out in order to search for indicators of fecal pollution in vegetables. The analyses were carried out using the plating technique, which consists of spreading the inoculum as quickly as possible with a sterile Pasteur pipette over the entire surface of the medium poured into a petri dish. The search for bacteria on the vegetable samples was carried out according to the protocol described by Amoah et al., 2004. It consists of grinding 25g (fresh mass) of vegetable sample in a sterile mortar and transferring the ground material into a sterile beaker containing 180 mL of distilled water, then shaking. After making dilutions (10, 100, 1000 and 10000) from the initial suspension of the mother solution, 0.1 mL of each sample was inoculated on the agar medium poured into a petri dish. Faecal coliforms coliforms  (burgundy colonies after incubation)  and Escherichia coli (burgundy colonies with metallic sheen after incubation) was done at 37°C and 44ºC on Endo-Agar medium incubated for 24 hours;  fecal streptococci (burgundy colonies after incubation) at 37ºC on Slanetz medium incubated for 48 hours; Salmonella sp (black colonies after incubation and Shigella sp. (transparent colonies after incubation), was done at 37ºC on Salmonella-Shigella agar (SS agar) medium incubated for 24 hours.
The parameter evaluated after bacteriological analysis of the vegetable samples was the bacteria load per gram of vegetable. The following formula was used to evaluate the bacterial load:

With: N: the number of CFU per gram of initial product; 
∑(c): the number of colonies counted; 
V: the volume of the solution deposited; 
n1: the number of dishes considered at the first dilution retained; 
n2: the number of dishes considered at the second dilution retained; 
d: the dilution factor.

2.4 Analysis of collected data
The data collected was entered and saved in Microsoft Excel 2016 and then transferred to SPSS version 22 for analysis. The data obtained are quantitative continuous and follow a normal distribution. The descriptive statistics used to describe our data are the mean and standard deviation. The ANOVA test (one factor) was used to compare the average degree of bacterial contamination between vegetables after logarithmic transformation of the basic data. If there was a significant difference between the variables, a Duncan's post hoc test was used to identify the origin of the difference. For all analyses, differences between variables were considered significant at p<0.05.

3. RESULTS
The contamination levels of vegetables by fecal coliforms, Shigella sp., Salmonella sp. and fecal streptococci varied significantly from one vegetable to another as illustrated in Tables 1 and 2 in both markets (P < 0.05). Highest bacteria load of fecal coliforms (6.07 log cfu/g) was detected on carrots, Shigella sp. (5.85 log cfu/g) on peppers, Salmonella sp. (3.78 log cfu/g) on parsley and fecal streptococci (5.20 log cfu/g) on basil in the central market (Table 1). 
Table 1. General bacteriological quality of vegetables in the central market
	
	                      Bacteria load (Log CFU/g) mean ± standard error

	Type of vegetable
	
	Fecal coliform
	E. coli
	Shigella sp
	Salmonella sp
	Fecal s

	
	Min
	5.69
	0
	4.57
	0
	4.38

	African egg plant
	Max
	6.05
	0
	5.01
	0
	4.86

	
	Mean 
	5.88±0.13
	0.00
	4.87±0.17
	0.00
	4.66±0.02

	
	Min
	4.25
	0
	4.72
	0
	4.80

	Basil
	Max
	5.35
	3.90
	5.16
	4.78
	5.09

	
	Mean 
	4.89±0.47
	0.78±1.74
	4.93±0.15
	2.98±1.81
	5.02±0.12

	
	Min
	5.86
	5.86
	3.71
	0
	4.06

	Carrot
	Max
	6.18
	4.98
	4.89
	4.49
	4.63

	
	Mean 
	6.07±0.24
	0.00
	4.96±0.18
	1.88±2.57
	4.43±0.40

	
	Min
	4.31
	0
	4.17
	0
	4.53

	Celery
	Max
	5.25
	3.88
	5.02
	0
	4.66

	
	Mean 
	4.94±0.39
	0.77±1.73
	4.68±0.31
	0.00
	4.61±0.53

	
	Min
	5.61
	0
	4.03
	0
	4.40

	Cucumber
	Max
	5.91
	4.55
	4.80
	4.04
	4.76

	
	Mean
	5.78±0.11
	0.91±2.03
	4.58±0.32
	2.06±1.92
	4.56±0.14

	
	Min
	4.73
	0
	4.03
	0
	3.07

	Lettuce
	Max
	4.97
	0
	5.02
	4.62
	4.67

	
	Mean
	4.86±0.09
	0.00
	4.58±0.38
	2.36±2.31
	3.80±0.70

	
	Min
	5.58
	0
	3.98
	3.44
	4.35

	Parsley
	Max
	6.29
	4.07
	5.26
	4.03
	5.08

	
	Mean 
	6.01±0.26
	0.81±1.82
	4.84±0.49
	3.79±0.22
	4.83±0.28

	
	Min
	4.73
	0
	3.68
	0
	3.94

	Pepper
	Max
	5.15
	2.60
	5.02
	3.88
	4.84

	
	Mean 
	4.86±0.17
	0.52±1.16
	4.63±0.54
	2.16±2.00
	4.44±0.39

	
	Min
	4.58
	0
	5.62
	0
	4.56

	Chilies
	Max
	4.99
	3.92
	6.05
	5.66
	4.86

	
	Mean
	4.71±0.16
	2,00±1,89
	5.85±0.18
	1.85±2.64
	4.69±0.11

	
	Min
	4.54
	0
	2.60
	0
	3.77

	Tomato
	Max
	5.08
	4.30
	5.11
	0
	5.00

	
	Mean 
	4.91±0.22
	0.86±1.93
	4.18±1.07
	0.00
	4.28±0.46

	P-value
	
	0.00
	0.59
	0.00
	0.01
	0.00

	Standard
	
	˂2 Log CFU/g
	˂1 Log CFU/g
	0 in 25g
	0 in 25g
	0 in 25g


Fecal s = fecal streptococci, CFU= Colony Forming Unit
Table 2. General bacteriological quality of vegetables in the fresh food market
	
	                              Bacteria load (Log CFU/g) mean ± standard error

	Type of vegetable
	
	Fecal coliform
	E. coli
	Shigella sp
	Salmonella sp
	Fecal s

	
	Min
	5.61
	0
	4.77
	0
	3.83

	African egg plant
	Max
	6.15
	5.63
	5.15
	3.94
	4.56

	
	Mean
	5.92±0.19
	1.12±2.52
	5.00±0.16
	0.78±1.76
	4.30±0.28

	
	Min
	4.36
	0
	4.58
	0
	3.55

	Basil
	Max
	5.20
	3.50
	5.08
	2.60
	4.93

	
	Mean
	4.80±0.33
	0.70±1.56
	4.74±0.20
	0.52±1.16
	4.53±0.56

	
	Min
	5.74
	0
	4.72
	0
	3.77

	Carrot
	Max
	6.37
	0
	5.16
	4.74
	4.77

	
	Mean
	6.04±0.13
	0.99±2.22
	4.48±0.44
	0.89±2.00
	4.41±0.27

	
	Min
	4.45
	0
	3.68
	0
	4.48

	Celery 
	Max
	5.08
	4.03
	4.82
	3.55
	4.67

	
	Mean
	4.73±0.26
	0.80±1.80
	4.40±0.43
	0.88±1.77
	4.60±0.07

	
	Min
	4.63
	0
	4.10
	0
	4.53

	Cucumber
	Max
	5.81
	4.03
	5.03
	4.32
	4.78

	
	Mean
	5.50±0.49
	1.58±2.17
	4.70±0.35
	1.48±2.07
	4.63±0.10

	
	Min
	3.92
	0
	3.92
	0
	3.50

	Lettuce
	Max
	5.05
	3.88
	4.69
	2.60
	3.96

	
	Mean
	4.59±0.43
	0.77±1.73
	4.37±0.34
	0.52±1.16
	3.65±0.19

	
	Min
	5.66
	0
	5.56
	3.83
	4.66

	Parsley
	Max
	6.24
	4.38
	4.92
	5.17
	5.08

	
	Mean
	5.94±0.26
	0.87±1.95
	5.17±0.25
	4.23±0.62
	4.91±0.15

	
	Min
	4.79
	0
	3.64
	0
	3.68

	Pepper
	Max
	5.20
	0
	4.96
	3.71
	4.54

	
	Mean
	4.98±0.18
	0.00
	4.29±0.50
	0.74±1.66
	4.19±0.32

	
	Min
	4.62
	0
	4.65
	0
	4.55

	Chilies 
	Max
	4.86
	3.71
	6.16
	5.76
	4.69

	
	Mean
	4.70±0.10
	0.74±1.66
	5.66±0.60
	3.46±3.16
	4.62±0.06

	
	Min
	4.30
	0
	4.18
	0
	3.38

	Tomato
	Max
	5.11
	0
	5.28
	5.01
	4.62

	
	Mean
	4.88±0.33
	0.00
	4.91±0.42
	1.91±2.62
	3.91±0.50

	P-value
	
	0.00
	0.94
	0.00
	0.04
	0.00

	Standard
	
	˂2 log CFU/g
	˂1 log CFU/g
	0 in 25g
	0 in 25g
	0 in 25g
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4. DISCUSSION
Bacteriological analyses of vegetables were essentially based on the components characterizing pollution. The different bacteria presented bacteria loads higher than the health standards of SCISCOM (2017) (100 CFU/g for fecal coliforms, 10 CFU/g for Escherichia coli, 0 CFU/25g for Shigella.sp, Salmonella sp. and fecal streptococci). These results are in agreement with those obtained by Akoachere et al. (2018) in the markets of the South-West region, Eshetu Chilo. et al (2018) in Mettu town in southwest Ethiopia, Saah, (2019) in Mbouda town market in West Region Cameroon, Kaptué et al. (2024) in Douala town market in Litoral Region Cameroon and Ntangmo Tsafack et al (2021,2022) in Bafoussam and Dschang towns in West Region Cameroon and can be explained by several interconnected factors. Firstly, inadequate agricultural practices, such as the use of contaminated irrigation water and the application of untreated organic fertilizers, promote the proliferation of pathogens (Abbou et al.,2014; Woldetsadik et al., 2017 et Alio Sanda et al., 2017). In addition, the lack of awareness among producers and vendors about hygiene standards during harvesting, transportation and sale contributes to cross-contamination of products. Finally, storage and sale conditions in markets, exposure of vegetables to unsanitary environments increase the risk of bacterial contamination (Kudah et al., 2018; Koffi-Nevry et al.,2012). These combined elements explain why contamination levels exceed the standards set by SCISCOM and other public health agencies, thus highlighting the urgency of intervention to improve food safety. 
Among all the vegetables analysed, lettuce was the least contaminated in both markets. This result is far from those of Abass et al (2016) in Ghana, Toe (2018) in Abidjan, Maiwore et al (2020) in Maroua, and Ntangmo Tsafack et al (2012, 2019, 2022) in the city of Dschang which shows that the number of E. coli on lettuce persists, and is higher than the standard even seven days after watering (Ntangmo Tsafack et al. 2012), and can be explained by several environmental and agronomic factors specific to the Foumbot region. Unlike previous studies where lettuce showed high levels of E. coli contamination, it is possible that locally adopted cultivation methods and harvesting practices minimize exposure to contaminated soil and water. In addition, climatic conditions and post-harvest management, such as washing and storage techniques, could contribute to reducing bacterial load (Wognin et al., 2022). Finally, the variety of lettuce grown and differences in agricultural practices between the studied regions may also play a significant role in the variability of contamination results, suggesting the importance of a contextual approach in assessing the microbiological quality of vegetables. 
Carrots showed the highest faecal coliform loads, confirming the results of Weldezgina and Mutela (2016), who also highlighted an increased vulnerability of root vegetables to contamination from soil, irrigation water, and the use of animal manure as fertilizer. This result may be explained by the fact that carrots, as root vegetables, are in direct contact with the soil, making them particularly susceptible to microbial contamination (Akoachere et al., 2018). Soil particles can contain various pathogens, including faecal coliforms, from sources such as animal droppings and wastewater. In addition, the use of non-composted organic fertilizers, often rich in pathogens, increases the risk of contamination of carrots during their growth. Irrigation practices, if they involve untreated or contaminated water, can also contribute to the introduction of bacteria into the root system. Thus, the combination of these environmental and agronomic factors explains why carrots have higher levels of contamination compared to other types of vegetables. The presence of pathogenic microorganisms in vegetables, including bacteria, constitutes a major challenge for public health, particularly in tropical and subtropical countries. El Said (2012) highlights that the consumption of unwashed or poorly handled vegetables is a potential source of infections. Studies such as those of Ntangmo et al. (2019) and Kaptué et al 2024 have highlighted coliform levels exceeding health thresholds, increasing the risk to consumers' health.
According to Ndiaye (2010) and Kudah et al. (2018), the human influx into the market is a factor in the supply of microorganisms and increases the level of contamination of raw edible vegetables. Alvaro et al. (2009) and Ameko et al. (2012), indicated that many actions, including rinsing operations, non-protection of vegetables during sale, create favourable environments and opportunities for the multiplication of pathogenic microorganisms.


5. CONCLUSION
This study highlights a significant health risk associated with the consumption of vegetables sold in the municipality of Foumbot, with levels of bacteriological contamination far exceeding established food safety standards. Analysis of 100 samples taken from two markets (central and fresh food) revealed alarming bacterial loads, exceeding the limits of 1 to 2 log CFU/g set by the Communication and Information System for Health (SCISCOM). In particular, vegetables such as African eggplants, basils, carrots, and peppers presented critical levels of contamination, which poses an increased risk to the health of consumers, especially those who consume these vegetables raw. The results highlight the importance of rigorous monitoring of the microbiological and parasitic quality of vegetables. Exposure to such levels of bacteria contamination represents a direct threat to public health, particularly for vulnerable populations, such as children and immunocompromised individuals. Consequently, it is imperative to implement education and awareness strategies on food hygiene among vendors and consumers. Awareness campaigns on vegetable washing and cooking practices, as well as regular product quality checks in markets, should be implemented to reduce health risks. Finally, it is crucial to establish food safety management protocols, in collaboration with local health authorities, to ensure the consumption of safe and healthy vegetables for the population of Foumbot. Protecting consumer health and ensuring food safety must become priorities in local public health policies.
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