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ABSTRACT

	Introduction: Although fruits and vegetables are recognized for their significant nutritional and health benefits, their consumption—particularly in raw form—poses considerable public health concerns due to microbial contamination. 
Aim: This study evaluated the bacterial contamination of fresh fluted pumpkin leaves sold in Abakaliki, Ebonyi State, Nigeria. 
Methods: A total of 10 fluted pumpkin leaves were sampled and analysed. Cut portions of the fluted pumpkin leaves were serially diluted and plated on Nutrient Agar, MacConkey Agar, and Mannitol Salt Agar. 
Results: A total of 43 bacterial isolates were identified, including Escherichia coli (34.88%), Staphylococcus aureus (23.26%), Pseudomonas aeruginosa (18.60%), Salmonella spp. (16.28%), and Shigella spp. (6.98%). The predominance of E. coli, a fecal indicator, highlights the potential health risks associated with the consumption of raw vegetables in the region, reflecting poor sanitation and handling practices. 
Conclusion: Although contamination levels varied, the presence of pathogenic bacteria underscores the need for improved hygiene, safe water usage, and routine microbial monitoring in vegetable production and marketing. The findings emphasize the urgent need for public education and regulatory enforcement to safeguard consumer health by reducing microbial contamination in fresh produce.
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1. INTRODUCTION

Fruits and vegetables constitute fundamental components of a well-balanced diet, significantly contributing to disease prevention and the promotion of overall health (Okyay et al., 2004). Vegetables, in particular, offer varying amounts of proteins and fats, while also serving as substantial sources of essential nutrients, including vitamins A, K, and B6, pro-vitamins, carbohydrates, dietary minerals, and fiber. Moreover, they are abundant in phytochemicals, which exhibit antioxidant, phytoestrogenic, and anti-inflammatory properties (Duedu et al., 2014). These bioactive compounds play a crucial role in physiological functions such as cellular integrity, DNA repair, and the enhancement of lifespan. In recognition of their health-promoting potential, the World Health Organization (WHO) advocates for a daily intake of no less than 400 grams of fruits and vegetables. This recommendation is aimed at mitigating the risk of chronic conditions—such as cardiovascular disease, cancer, diabetes, and obesity—and at addressing micronutrient deficiencies prevalent in various populations (Duedu et al., 2014).

Although fruits and vegetables are recognized for their significant nutritional and health benefits, their consumption—particularly in raw form—poses considerable public health concerns due to microbial contamination. The surfaces of raw vegetables often harbor diverse microorganisms, and when these are improperly handled, prepared, or consumed without adequate hygiene, they can negate the health benefits and increase the risk of transmitting infectious diseases. This risk is especially elevated when produce is eaten raw or unwashed (Nazemi et al., 2012; Said, 2012).

Enteric bacterial infections are globally prevalent and contribute substantially to morbidity, particularly in regions characterized by poor sanitation and inadequate personal hygiene (WHO, 2009). It is estimated that up to 70% of diarrheal illnesses in developing countries are foodborne in origin. Vegetables may become contaminated with enteric pathogens of clinical and public health importance at various points along the supply chain, including cultivation, harvesting, transportation, and processing. Consequently, they have been implicated in numerous documented foodborne outbreaks. The combination of substandard environmental and personal hygiene practices, along with weak public health infrastructure, exacerbates the burden of such infections in low-resource settings (Okyay et al., 2004).

Notably, Salmonella, Escherichia coli, and Shigella species remain among the most significant enteric pathogens worldwide, contributing substantially to morbidity and mortality across both developed and developing nations. The increasing incidence of foodborne diseases is likely associated with the rising consumption of contaminated fresh produce (Eni et al., 2010).

Multiple factors contribute to the microbial contamination of vegetables. Exposure to bacterial pathogens can occur at various stages of the production cycle, including both pre-harvest and post-harvest handling processes (Erkan & Vural, 2008). A significant risk factor in many developing countries is the use of inadequately treated wastewater for irrigation. Similarly, contamination of soil with animal feces and the widespread use of poorly composted organic manures contribute to the microbial load on vegetable crops. In addition, substandard hygiene practices during cultivation, transportation, processing, and food preparation—whether by producers, vendors, or consumers—further exacerbate the risk of contamination (Gupta et al., 2010).

Telfairia occidentalis, commonly known as fluted pumpkin or “ugu” in Igbo, is a member of the Cucurbitaceae family (Vaughan et al., 1994). The crop can be cultivated on flat soil surfaces or raised mounds. In many household gardens, it is often planted along fences or near trees, allowing the vines to climb and the fruits to hang naturally (Akoroda, 1990). The plant thrives best in low-altitude regions with moderate to high rainfall and grows well in sandy soils when supplemented with fertilizers, although it develops more vigorously in fertile, well-drained soils.

Nutritionally, fluted pumpkin leaves and seeds are rich in carbohydrates, proteins, fiber, fats, ash, and essential minerals, making them highly valuable in human diets (Eberhardt, 2000; Yusuf et al., 2006; Idris, 2011). Beyond their nutritional benefits, the vegetable has been associated with medicinal properties, including the management of diabetes, reduction of cardiovascular disease risk, prevention of colon cancer, lowering of plasma cholesterol, and improvement of bowel function (Gordon, 2000; Ekeanyanwu et al., 2010; Gafar et al., 2010).
In West Africa, particularly Nigeria, fluted pumpkin is a widely consumed vegetable used in the preparation of various dishes, most notably soups. It is often preferred lightly cooked to preserve its green color and minimize nutrient loss.

The consumption of raw vegetables harboring pathogenic microorganisms can lead to foodborne illnesses, including food poisoning. The growing incidence of such outbreaks has highlighted the critical need for stringent microbiological quality control measures within the food industry. Microbiological risk assessment (MRA) has emerged as a vital tool for evaluating the safety of food and water, enabling the development of targeted interventions to reduce the prevalence of foodborne diseases. Hence, the present study was undertaken to assess the extent of bacterial contamination in fresh fluted pumpkin (Telfairia occidentalis) leaves marketed in Abakaliki, Ebonyi State.


2. methodology 

2.1 Study Area
The study was conducted in Abakaliki, the administrative capital of Ebonyi State in southeastern Nigeria. Geographically located at approximately 6°19′N latitude and 8°6′E longitude, the city lies within the tropical rainforest zone. The climate is humid, with distinct wet and dry seasons that significantly influence agricultural production and socio-economic activities. The landscape is characterized by gently undulating terrain and fertile soils that support diverse farming practices. Data collection was carried out from February to April, a period marked by predominantly hot and dry weather, with the minor rainy season beginning in April. These climatic conditions, along with fertile soils, make Abakaliki and its surrounding communities favorable for cultivating various fruits and vegetables, which are widely sold in open markets and frequently consumed in fresh form.

2.2 Study Design
A descriptive cross-sectional study was carried out between January and March 2025 at the Abakaliki International Market, Ebonyi State. The site was selected based on both geographical accessibility and population coverage. Sample size determination was proportional to population distribution to ensure representativeness. This approach provided a comprehensive dataset on vegetable commodities available in the retail market during the study period.

2.3 Sample Collection
Data on factors potentially influencing bacterial contamination of vegetables were obtained using a structured questionnaire administered through face-to-face interviews with vendors. Approximately 100 g of each vegetable sample was purchased, with the number of samples determined by availability. Specifically, 10 samples of fluted pumpkin (Telfairia occidentalis, locally called ugu) were collected. Each sample was placed in a sterile plastic bag, properly labeled, and transported in a cold box to the Microbiology Laboratory, Alex Ekwueme Federal University, Ndufu Alike Ikwo. Bacteriological analyses commenced within 24 hours of collection to ensure reliability.

2.4 Bacteriological Analysis
Six bacterial species were targeted: Escherichia coli (used as an indicator of fecal contamination) and five pathogenic bacteria (Staphylococcus aureus, Salmonella spp., Shigella spp., Pseudomonas aeruginosa, and Proteus spp.). For analysis, 1 g of each sample was aseptically weighed, homogenized, and diluted in 9 mL of sterile distilled water. Serial dilutions were prepared, and 1 mL aliquots from the 10⁻4, 10⁻5, and 10-6 dilutions were inoculated into sterile Petri dishes. Molten agar (≈45°C) was poured into the plates and swirled for even distribution. Four culture media were employed: Nutrient Agar (NA), MacConkey Agar (MA), Salmonella-Shigella Agar (SSA), and Mannitol Salt Agar (MSA), prepared according to manufacturers’ specifications. Plating was done in duplicates, and plates were incubated at 37°C for 24 hours. Colony-forming units (CFUs) were counted, and pure cultures were obtained through repeated subculturing on fresh media. The streak plate method on Nutrient Agar was used to isolate pure colonies for further identification.

2.5 Identification of Bacterial Isolates
Bacterial identification combined colonial morphology, microscopy, and biochemical testing, following the guidelines of Jolt (1994) was carried out. Colony characteristics such as shape, elevation, edge, pigmentation, and texture were recorded. Identification was further supported by comparisons with standard descriptions (Jolt et al., 1994; Oyeleke & Manga, 2008). Gram staining and a series of biochemical tests were performed for confirmation. These include indole, motility, coagulase, oxidase, citrate and catalase test.

.
3. results and discussion

3.1 Morphological and Biochemical Characteristics of Bacterial Isolates 
The result of the morphological and biochemical characteristics of bacterial isolates was presented in table 1. Out of the 10 different fluted pumpkin samples purchased from the market, five bacterial isolates were recovered. They were Staphylococcus aureus, Escherichia coli, Salmonella spp., Shigella spp. and Pseudomonas aeruginosa.








Table 1: Morphological and Biochemical Characteristics of Bacterial Isolates 


	Culture Media
	Shapes and Arrangement of Cells
	Gram’s reaction
	Motility Test
	Catalase test
	Coagulase Test
	Oxidase Test
	Indole Test 
	Citrate Test
	Probable Organism

	MSA
	Golden yellow colonies
	+
	-
	+
	+
	_
	-
	-
	Staphylococcus aureus

	MA
	Pink colonies
	-
	+
	+
	-
	
	+
	-
	Escherichia coli

	SS
	Colourless colonies with black centers
	-
	+
	+
	-
	-
	
	-
	Salmonella spp.

	SS
	Colourless colonies without black centers
	-
	-
	+
	-
	-
	
	-
	Shigella spp.

	CA
	Green colonies
	-
	+
	+
	-
	+
	-
	-
	Pseudomonas spp.


Keys: MSA Mannitol Salt Agar, SS – Salmonella-Shigella Agar, CA Centrimide Agar, MA – Mac conkey agar, ‘-‘ – Negative, ‘+’ – Positive.


3.2 Total Heterotrophic Plate Count of Fresh fluted pumkin leaves
Table 2 showed the total heterotrophic plate count of fresh fluted pumpkin leaves. The result revealed that the total heterotrophic plate count of fresh pepper ranged from 1.2 x 104 CFU/ml to 7.8 x 104 CFU/ml. The highest total heterotrophic plate count was observed for isolate code FP4 with total plate count of 7.8 x 104 CFU/ml.

Table 2: Total Heterotrophic Plate Count of Fresh fluted pumkin leaves

	Sample code
	Total Plate Count (CFU/ml) x106

	FP1
	1.5

	FP2
	2.4

	FP3
	4.8

	FP4
	7.8

	FP5 
	6.9

	FP6
	3.3

	FP7
	3.1

	FP8
	1.2

	FP9
	1.7

	FP10
	4.3


Keys: FP- Fluted Pumkin
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Figure 1: Total Heterotrophic Plate Count of Fresh Fluted Pumkin Leaves

3.3 Frequency and Percentage Distribution of Bacterial Isolates from Fresh Fluted Pumpkin leaves
The result of frequency and percentage distribution of bacterial isolates from fresh fluted pumpkin leaves were presented in table 3. The result revealed that a total of forty three (43) bacterial isolates were recovered from the fresh fluted pumpkin leaves: Staphylococcus aureus (10), Escherichia coli (15), Salmonella spp. (7), Shigella spp. (3) and Pseudomonas spp. (8) with percentage distribution of 23.26 %, 34.88 %, 16.28 %, 6.98 % and 18.60 % respectively. Escherichia coli (15) was the most frequently isolated followed by Staphylococcus aureus (10), Pseudomonas spp. (8), Salmonella spp. (7) and finally Shigella spp. (3)

Table 3: Frequency and Percentage Distribution of Bacterial Isolates from Fresh Fluted Pumpkin leaves.

	Bacterial Isolates
	Frequency 
	Percentage Distribution (%)

	Staphylococcus aureus
	10
	23.26

	Escherichia coli
	15
	34.88

	Salmonella spp.
	7
	16.28

	Shigella spp.
	3
	6.98

	Pseudomonas spp.
	8
	18.60

	Total 
	43
	100


 

4. DISCUSSION
Vegetables are a common component of human diets across many communities due to their nutritional value, particularly their high content of essential minerals. Despite these benefits, the consumption of vegetables—especially in developing countries—has been linked to outbreaks of gastroenteritis, often associated with microbial contamination. Concerns have grown regarding the hygienic handling and overall sanitary conditions under which vegetables are harvested, stored, and sold, thereby exposing consumers to potential health risks. The present study assessed the bacteriological quality of fresh fluted pumpkin (Telfairia occidentalis) leaves sold in Abakaliki, Ebonyi State.

The findings of this study demonstrated a notable level of bacterial contamination in all fluted pumkin leaf samples analyzed. Data collection occurred during the dry season, minimizing the likelihood of flood-related contamination, which is often a significant factor during the wet season. The total plate count of the fluted pumpkin leaf samples ranged from 1.2 × 10⁶ to 7.8 × 10⁶ CFU/ml. The highest bacterial load was observed in sample FP4 (7.8 × 10⁶ CFU/ml), followed by FP5 (6.9 × 10⁶ CFU/ml), while the lowest counts were recorded in FP8 (1.2 × 10⁶ CFU/ml) and FP1 (1.5 × 10⁶ CFU/ml). Most of the samples (FP1, FP2, FP3, FP6, FP7, FP9, and FP10) exhibited counts within the range of 1.5–4.8 × 10⁶ CFU/ml, representing moderate levels of contamination. The mean bacterial load across all samples was approximately 3.7 × 10⁶ CFU/ml, with a median of 3.3 × 10⁶ CFU/ml and a standard deviation of 2.1 × 10⁶ CFU/ml, indicating considerable variability in contamination levels. Notably, FP4 and FP5 exceeded both the mean and permissible microbial thresholds for ready-to-eat vegetables, which are generally recommended to be below 10⁶ CFU/ml (FAO/WHO, 2008; Gilbert et al., 2000). The wide range in contamination levels suggests differences in sanitary handling, environmental exposure, and water quality during marketing and storage, consistent with previous findings that link high microbial loads in leafy vegetables to poor postharvest hygiene (Abadias et al., 2008; Odebisi et al., 2021)

A total of 43 bacterial isolates were recovered from the fluted pumpkin leaves analyzed in this study. The identified bacterial species included Staphylococcus aureus (10 isolates), Escherichia coli (15 isolates), Salmonella spp. (7 isolates), Shigella spp. (3 isolates), and Pseudomonas spp. (8 isolates), representing 23.26%, 34.88%, 16.28%, 6.98%, and 18.60% of the total isolates, respectively. These findings are consistent with previous research by Opere et al. (2020) and Alemu et al. (2018) all of whom reported similar bacterial genera in vegetables obtained from markets.

Among the bacterial species detected, E. coli was the most prevalent, accounting for 34.88% of isolates. This observation aligns with prior studies conducted in various countries, where E. coli contamination rates were reported as follows: Istanbul (41.7%), Brazil (40–41.5%), Vietnam (100%), and Bangladesh (36%) (Buyukunal et al., 2015; Maffeia et al., 2013; Chau et al., 2014; Mahfuza et al., 2016). The high occurrence of E. coli, a fecal coliform bacterium commonly present in human and animal feces, suggests significant fecal contamination. In regions where open defecation is prevalent, and where human waste is frequently used as fertilizer, such contamination becomes more pronounced. Nevertheless, the prevalence of E. coli in this study was lower compared to rates reported in the aforementioned countries.

In contrast, findings from Opere et al. (2020) in Lagos State, Nigeria, indicated Staphylococcus spp. (26.21%) as the most predominant bacterial contaminant in leafy and salad vegetables across five markets. This discrepancy may be attributed to differences in environmental conditions, seasonal variations during data collection, or the laboratory techniques employed in microbial analysis. The frequency of Staphylococcus aureus in this study was 23.26%, which is comparable to previous reports from Bangladesh (24%) (Ballah et al., 2022), but lower than those from India (56–74%) (Sabbithi et al., 2014) and Nigeria (29.2%) (Igbeneghu & Lamikanra, 2014). The presence of S. aureus in vegetables is a public health concern, as many strains are capable of producing heat-stable enterotoxins that can cause foodborne illnesses (Marta, 2011). Its detection indicates inadequate hygienic practices during handling and marketing, rendering the vegetables potentially unsafe for raw consumption

In this study, Pseudomonas species accounted for 18.60% of the total bacterial isolates. Notably, Pseudomonas aeruginosa and Escherichia coli emerged as the predominant enteric bacteria isolated from the vegetable samples. This observation supports the findings of the International Commission on Microbiological Specifications for Foods (ICMSF, 1998), which noted that Pseudomonas and Erwinia are among the most frequently occurring coliforms in vegetables.

Salmonella species were also commonly detected, comprising 16.28% of the total isolates. However, this figure is lower than those reported in similar studies conducted in India, where contamination rates ranged between 45% and 58% (Sabbithi et al., 2014). Additionally, Shigella species were identified in the present study, representing 6.98% of isolates. This occurrence is comparatively lower than the 14.1% reported by Alemu et al. (2018) in a related study.

It is important to note that certain bacterial species such as Bacillus, Klebsiella, and Proteus—which have been identified in other studies—were not isolated in the current investigation. These variations in bacterial presence and frequency may be attributed to differences in environmental and ecological conditions, microbial load in the source environment, laboratory culture methodologies, and seasonal factors influencing sample collection.

The detection of substantial bacterial loads across all samples aligns with previous studies. For instance, Kemajou et al. (2017) reported bacterial contamination in all five categories of vegetables sampled from markets in Rivers State, Nigeria. Similarly, Adebayo-Tayo et al. (2012) and Eni et al. (2010) observed widespread microbial contamination in vegetables obtained from Uyo and Sango markets, respectively. The high microbial load observed in the current study is likely attributable to several contributing factors, including poor storage conditions, unhygienic handling practices, the use of contaminated water for rinsing produce, inadequate transportation standards, and prolonged exposure to airborne contaminants in unsanitary market environments—issues commonly found in developing nations.


4.2 Conclusion
This study highlights the significant bacterial contamination present in fresh fluted pumpkin leaves sold in Abakaliki, Ebonyi State, with Escherichia coli and Staphylococcus aureus being the most prevalent pathogens identified. The detection of fecal coliforms such as E. coli indicates poor sanitary conditions and potential health risks associated with the consumption of raw vegetables. The presence of other pathogens including Pseudomonas aeruginosa, Salmonella spp., and Shigella spp. further underscores the microbial hazards linked to vegetable handling and marketing practices in the region. Variations in contamination rates compared to other studies suggest that ecological factors, hygiene standards, and methodological differences influence microbial quality. These findings emphasize the need for improved sanitary measures, proper handling, and routine microbial monitoring to ensure the safety of vegetables and protect public health. We therefore recommend that vendors and farmers should adopt strict hygiene measures during harvesting, handling, and marketing of vegetables to reduce microbial contamination. This includes regular hand washing, use of clean water for washing produce, and minimizing exposure to contaminated environments. Educational programs should be implemented for farmers, vendors, and consumers to raise awareness about the risks of microbial contamination and promote best practices in vegetable production, storage, and consumption.
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