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INTRODUCTION 
Food safety remains a critical public health concern 
globally, particularly in developing countries where poor 
hygiene, inadequate food handling practices, and limited 
regulatory oversight can contribute significantly to 
foodborne illnesses.[1] Markets such as Nkwo-Ogidi in 
Anambra State, Nigeria, are major sources of ready-to-eat 
foods and fresh vegetables, which are essential to daily 
nutrition. However, these food items are often exposed to 
various environmental contaminants, increasing the risk of 
microbial contamination. Moreover, food products are at 
risk of contamination with mishandling during processing 
and preparation, where there are favorable conditions for 
pathogens.[2] 

 

Vegetables, especially leafy greens, are commonly 
consumed raw or lightly cooked, making them potential 
carriers of pathogenic microorganisms when not properly 
handled or washed.[3] Similarly, ready-to-eat foods sold by 

vendors in open markets are susceptible to contamination 
from air, water, food handlers, and unclean utensils.[4] 

Bacterial contaminations of these food sources pose a 
significant health risk, especially to immunocompromised 
individuals, children, and the elderly. 
 
Several studies have identified pathogenic bacteria such as 
Escherichia coli, Salmonella spp., Staphylococcus aureus, 
and Pseudomonas spp. in foods and vegetables sold in local 
markets. These organisms are known to cause a variety of 
infections ranging from mild gastroenteritis to severe 
systemic illnesses. Monitoring and evaluating the 
microbial quality of foods and vegetables is therefore 
essential to ensuring public health safety.[5,6,7] 

 

Despite the growing awareness of microbial hazards in 
food, limited research has been conducted to assess 
bacterial contamination in foods and vegetables at Nkwo-
Ogidi Market. This study seeks to bridge this research gap 
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ABSTRACT 
Background: Bacterial contamination of ready-to-eat foods and fresh vegetables 
poses a significant public health risk, particularly in markets with suboptimal 
hygiene practices. Aims: This study aimed to investigate bacterial contamination in 
ready-to-eat foods and green leafy vegetables sold at Nkwo Ogidi Market, Anambra 
State, Nigeria. Methodology: A total of 40 food samples (Rice, Beans, Egusi Soup, 
Moi Moi, and Oha Soup) and 37 vegetable samples (Pumpkin, Scent Leaf, Curry Leaf, 
Water Leaf, and Spinach) were collected. Results: After incubation, bacterial 
contamination was observed in 34 (85%) of the food samples and 34 (81.1%) of the 
vegetable samples. Scent leaf vegetables had the highest contamination rate 
(26.7%), while Beans and Oha Soup had the highest contamination rates among the 
foods (26.6%). Escherichia coli (36.6%) was the most common bacterial isolate in 
the vegetables, particularly in scent leaf, while Pseudomonas species (35.3%) were 
the most prevalent in the ready-to-eat foods, especially beans and oha Soup. A chi-
square test of independence revealed no significant association between food type 
and bacterial contamination (χ²=12, df = 20.5, P = 0.059). However, a statistically 
significant relationship was found between vegetable type and bacterial 
contamination (χ² = 20, df = 57.7, P = 0.000). Conclusion: The study highlights 
significant bacterial contamination in commonly consumed food and vegetables, 
emphasizing the need for improved hygienic practices to mitigate public health 
risks. 
 
KEYWORDS: Bacterial contamination, ready-to-eat foods, green leafy vegetables, 
public health, Nkwo Ogidi Market, hygiene practices. 
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by investigating the prevalence and types of bacterial 
contaminants in foods and green vegetables from the 
market. By identifying and isolating bacteria from these 
food items, this research seeks to provide valuable insights 
into the microbiological safety of food available at this 
market. The findings will contribute to a better 
understanding of the potential public health risks 
associated with food consumption in the region and inform 
strategies for improving food safety practices. This 
research is essential for ensuring the health and well-being 
of the community relying on the Nkwo-Ogidi market for 
their food supply. 
 
This study aims to identify and isolate bacterial species 
present in selected ready-to-eat foods and green leafy 
vegetables sold at Nkwo-Ogidi Market, intending to assess 
the extent of contamination and provide data that could 
inform food safety practices in the region. 
 
MATERIALS AND METHODS 
Study Design and Location 
This study employed a cross-sectional descriptive design 
to identify and isolate bacterial species present in ready-
to-eat foods and fresh leafy vegetables sold at Nkwo-Ogidi 
Market, located in Idemili North Local Government Area, 
Anambra State, Nigeria. The market is a major commercial 
hub known for the open sale of various cooked foods and 
raw vegetables. The study population comprised food 
vendors and vegetable sellers within the market premises. 
 
Sample Collection 
A total of seventy-seven (77) samples were collected 
during the study period, including forty (40) ready-to-eat 
food samples—such as rice, beans, moi moi, egusi soup, 
and oha soup—and thirty-seven (37) fresh vegetable 
samples—such as pumpkin leaves, scent leaves, curry 
leaves, water leaves, and spinach. Samples were randomly 
selected from diverse vendors and stalls across different 
sections of the market to ensure wide representation. 
 
Each sample was aseptically collected in sterile containers 
and transported in ice-packed coolers to the microbiology 
laboratory. All samples were processed within two hours 
of collection to preserve microbial viability. 
 
Inclusion and Exclusion Criteria 
The inclusion criteria consisted of ready-to-eat foods 
displayed for public consumption and fresh, unpackaged 
leafy vegetables. Excluded from the study were: 
 Pre-packaged or processed food items 
 Stale or visibly spoiled food and vegetables 
 Vegetables that had been washed or stored in sealed 

containers 
 
Ethical Considerations 
Although no human subjects were directly involved, verbal 
consent was obtained from all vendors before sample 
collection. Ethical clearance was granted by the Iyi-Enu 
Research Ethics Committee. 

Sample Processing and Bacterial Isolation 
Food samples were homogenized, while vegetable samples 
were rinsed and weighed. Ten grams (10 g) of each sample 
were aseptically transferred into sterile saline solution and 
serially diluted.[8] Aliquots of the diluted samples were 
inoculated onto various selective and differential culture 
media, including nutrient agar, MacConkey agar, mannitol 
salt agar, and Salmonella-Shigella (SS) agar. All plates were 
incubated aerobically at 37°C for 24 to 48 hours. 
 
Distinct colonies observed on the culture media were 
subcultured to obtain pure isolates and subsequently 
subjected to identification procedures. The bacterial 
isolates were identified following the Manual of Systematic 
Bacteriology[9] (Clauss and Berkeley, 1986). The 
morphology of the isolated bacteria was examined 
following Gram’s staining and on the basis of some 
biochemical test viz., Methyl Red and Catalase test[10] 
(Cappuccino and Sherman, 2005). 
 
Bacterial Identification 
Isolated colonies were initially characterized by Gram 
staining and further identified using a series of standard 
biochemical tests, including catalase, coagulase, oxidase, 
indole production, citrate utilization, and sugar 
fermentation assays. Identification to the genus or species 
level was based on established microbiological 
protocols.[11] 

 

Data Collection and Quality Control 
Observations on bacterial growth, colony morphology, and 
biochemical profiles were systematically documented. The 
number and types of bacteria isolated from each food and 
vegetable sample were recorded. In addition, observations 
regarding vendor hygiene practices—such as cleanliness 
of utensils, use of protective gear, and general sanitation—
were noted to assess potential contamination sources. 
To ensure reliability and reduce bias: 
 Samples were collected across a diverse range of 

vendors and locations within the market. 
 Selected samples underwent duplicate analysis for 

consistency. 
 Laboratory personnel were blinded to the identity and 

origin of the samples during processing and 
identification. 

 
Data Analysis 
All recorded data were entered into the Statistical Package 
for Social Sciences (SPSS), version 25. Descriptive statistics 
were used to determine the frequency and percentage of 
bacterial isolates across the different sample categories. 
Inferential statistics, specifically chi-square tests, were 
applied to evaluate associations between contamination 
rates and sample types. A p-value of less than 0.05 was 
considered statistically significant. 
 
Study Limitations 
The study focused exclusively on aerobic bacterial isolates; 
fungi and anaerobic organisms were not assessed due to 
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resource limitations. Additionally, only one market 
location was studied, which may restrict the 
generalizability of the findings to other areas. Molecular 
methods for bacterial identification were not employed, 
and all identifications relied on conventional 
microbiological techniques. 
 
RESULT 
A total of 40 different food samples—Rice, Beans, Egusi 
Soup, Moi Moi, and Oha Soup—were collected from 
various food vendors at Nkwo Ogidi Market. Additionally, 
37 samples of green leafy vegetables, including pumpkin, 
scent leaf, curry leaf, water leaf, and spinach, were 
obtained from the same location. After overnight 
incubation, bacterial contamination was observed in 34 
(85%) of the food samples. Similarly, 34 (81.1%) of the 
vegetable samples were found to harbor bacterial isolates, 
as presented in Table 1 and Fig 1. 
 
Furthermore, bacterial contamination was highest in scent 
leaf vegetables, accounting for 26.7% of the total 
contaminated vegetable samples. Among the ready-to-eat 
foods, Beans and Oha Soup recorded the highest 
contamination rates, each with 26.6%, as illustrated in 

Figures 2 and 3. The most prevalent bacterial isolate from 
the vegetables was Escherichia coli (36.6%), with the 
highest occurrence observed in scent leaf (5 isolates). 
Conversely, Pseudomonas species were most frequently 
found in the ready-to-eat food samples (35.3%), with 
beans and Oha Soup exhibiting the highest number of 
isolates at 26.6% (9 isolates), as illustrated in Figures 4 
and 5 and Tables 2 and 3. 
 
A chi-square test of independence was conducted to 
examine the relationship between food type and bacterial 
contamination. The result was not statistically significant, 
χ² =12, df = 20.5, P = 0.059, indicating that bacterial 
contamination was not significantly associated with 
specific food types. 
 
Conversely, a chi-square test of independence examining 
the relationship between vegetable type and bacterial 
contamination revealed a statistically significant 
association, χ² =20, df = 57.7, P = 0.000. This suggests that 
certain vegetable types were more likely to be 
contaminated with specific bacterial species. 
 

 
Table 1: Percentage of bacteria isolated from food and vegetables sold at nkwo ogidi market. 

 
S/N 

 
Source 

 
Samples 

Total number 
of samples 

with isolates 

Total number of 
samples without 

isolates 

Total number of 
samples 

1 VEGETABLES 
pumpkin, scent leaf, 

curry leaf, water 
leaf and Spinach 

30(81.1%) 7(18.9%) 37(100%) 

2. 
READY –TO- 
EAT FOOD 

Rice, Beans, Egusi 
Soup, Moi Moi and 

Oha Soup 
34(85%) 6(15%) 40(100%) 

   

Total number 
of sample with 

isolates = 
64(83.1%) 

Total number of 
samples without 

isolates = 
13(16.9%) 

Total number of 
samples = 
77(100%) 

 

 
Figure 1: Percentage of bacteria contaminants in food and vegetables sold at nkwo ogidi market. 
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Table 2: Different bacteria isolates from food obtained from the different food vendors. 

Sample 
Total number of 

Pseudomonas 
isolates 

Total number 
of E. coli 
isolates 

Total number 
of Klebsiella 

isolates 

Total number 
of Salmonella 

isolates 

Total 
number of 

isolates 
Rice 2 3 0 1 6(17.7%) 
Beans 3 3 0 3 9(26.5%) 
Moi- Moi 0 1 2 0 3(8.82%) 
Egusi soup 5 2 0 0 7(20.6%) 
Oha soup 2 1 3 3 9(26.5%) 

Total Number 
of isolates = 34 

Total number of 
Pseudomonas s 

isolates  
=12(35.3%) 

Total number 
of E.coli 

isolates = 
10(29.4%) 

Total number 
of Klebsiella 
isolates:  = 
6(17.65%) 

Total number of 
Salmonella 
isolates = 

6(17.65%) 

 
34(100%) 

 
Table 3: Different bacteria isolated from the different vegetable samples. 

Sample 
Total number of 
Pseudomonas s 

isolates 

Total number 
of E. coli 
isolates 

Total number of 
Klebsiella isolates 

Total number of 
Salmonella 

isolates 

Total 
number of 

isolates 
Scent leaf 2 5 0 1 8 (26.7%) 
Spinach 0 0 2 3 5(16.7%) 
Pumpkin leaf 2 3 2 0 7(23.2%) 
Water leaf 3 2 0 0 5(16.7%) 
Curry 2 1 0 2 5(16.7%) 

Total Number of 
isolate = 30 

Total number of 
Pseudomonas s 

isolates = 9(30%) 

Total number 
of E.coli isolates 

= 11(36.6%) 

Total number of 
Klebsiella isolates 

= 4(13.3%) 

Total number of 
Salmonella 

isolates = 6(20%) 
30(100%) 

 

 
Figure 2: Percentage of bacteria contaminants from different foods obtained. 

 

 
Figure 3: Percentage of bacteria contaminants in different vegetables sold at nkwo ogidi market. 
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Figure 4: Percentage of different bacteria isolated from vegetables sold at nkwo ogidi market. 

 

 
Figure 5: Different bacteria isolates from food obtained from the different food vendors. 

 
DISCUSSION 
This study highlights the significant public health risks 
associated with bacterial contamination in foods and 
vegetables sold at Nkwo-Ogidi Market, with contamination 
rates of 85% in food samples and 81.1% in vegetable 
samples. The high prevalence of contamination is 
consistent with findings from similar studies in developing 
regions.[12,13,14] The findings of this study align with 
previous research by Shoba et al., which revealed that 
improper handling of produce—ranging from harvesting 
and storage to processing and distribution—contributes 
significantly to the bacteriological contamination of 
vegetables.[5] 

 

The detection of Escherichia coli as the most prevalent 
bacterial contaminant in vegetables, particularly scent leaf, 
suggests fecal contamination due to unsanitary irrigation 
water or improper handling.[15] This finding is in line with 
work done by Favour et al., and Paul et al., who also 
observed E. coli to be the most predominant bacteria 
isolated from vegetables.[15, 16] The broad surface area of 
leafy vegetables like scent leaf may increase their 
susceptibility to retaining contaminants. 
 
Furthermore, this study identified a statistically significant 
association between vegetable type and bacterial 
contamination, underscoring the influence of vegetable 

characteristics on contamination risks.[12,13,14] Leafy 
vegetables' close contact with soil and environmental 
exposure make them more vulnerable than other produce 
types.[17] In contrast, the lack of a significant association 
between food type and bacterial contamination may reflect 
variations in food handling and preparation practices, such 
as cooking methods that reduce bacterial loads but fail to 
prevent post-cooking contamination. Several factors 
contribute to the contamination of street foods: cross-
contamination via utensils; unsanitary vending sites; the 
use of potentially contaminated tap water in food 
preparation; improper disposal of waste, attracting 
disease-carrying rodents and insects; sporadic fly 
contamination; and unhygienic handling by vendors using 
bare hands. Ready-to-eat street foods are also susceptible 
to cross-contamination from utensils, knives, raw 
ingredients, flies, vendors' bare hands during serving, and 
occasional consumer handling.[16] At many vending sites, 
tap water for handwashing and utensil cleaning is often 
unavailable. Consequently, washing is typically done in one 
or more buckets, sometimes without soap. Furthermore, 
toilets, proper waste disposal, and refrigeration facilities 
are rarely present. This leads to wastewater and garbage 
being discarded nearby, creating a nutrient-rich 
environment for insects and rodents that can transmit 
foodborne pathogens.[16, 19] 
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The prevalence of Pseudomonas in ready-to-eat foods, 
especially in beans and oha soup, points to issues with 
storage and post-cooking contamination. These findings 
align with studies reporting high bacterial contamination 
rates in informal food markets due to environmental 
conditions and inadequate hygiene practices.[4,16] Our 
finding of Pseudomonas as the most common bacterium in 
food samples differs from the results of Akilan et al. and 
Paul et al., who found Escherichia coli to be more prevalent 
in their food sample analyses. These discrepancies could 
be attributed to variations in bacterial detection methods, 
the number of samples examined, and the specific 
practices of the food vendors involved in each study. The 
study's limitations, including convenience sampling and 
the absence of bacterial load and antibiotic resistance 
analysis, may restrict the generalizability of findings. 
Future research should adopt rigorous sampling methods, 
investigate antibiotic resistance profiles, and assess 
bacterial loads to provide a comprehensive understanding 
of food safety in Nkwo-Ogidi Market. Public health 
interventions targeting hygiene practices among vendors 
and consumers, alongside improved food safety 
regulations, are crucial for mitigating contamination risks 
and safeguarding community health. 
 
CONCLUSION 
This study reinforces the need for improved hygiene 
practices in markets, particularly for vendors handling 
ready-to-eat foods and fresh vegetables. The high 
contamination rates found in this study highlight the 
potential public health risks associated with poor food 
safety practices in Nkwo Ogidi Market. The significant 
association between vegetable type and bacterial 
contamination underscores the importance of properly 
handling and storing fresh produce to minimize the risk of 
foodborne diseases. Further studies incorporating 
molecular methods and broader geographical sampling 
could provide more comprehensive insights into the 
dynamics of foodborne bacterial contamination in Nigeria. 
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