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Abstract 

Fresh vegetables are highly consumed in Bangladesh due to their availability and 

affordability, but unfortunately, they often become contaminated before they reach 

consumers. The contamination primarily occurs in the field through factors such as 

irrigation water, air, and soil, as well as through handlers. The physical and chemical 

characteristics of vegetables can also contribute to microbial contamination, and 

sometimes, improper handling can further exacerbate the issue. A total of 90 fresh 

vegetable samples (including tomato, carrot, cucumber, coriander leaf, and green chili) 

were collected from markets located in Dhaka, Gazipur, and Mymensingh districts. In 

these three districts, the total bacterial load in vegetables ranged from 5.27±0.62 log CFU/

g to 6.84±0.55 log CFU/g. The total viable count (TVC) in various vegetables ranged 

from 8.62±0.54 log CFU/g to 9.44±0.20 log CFU/g, and across the districts, the range was 

from 8.92±0.47 log CFU/g to 9.10±0.10 log CFU/g. The total counts of Salmonella, 

Escherichia coli, Staphylococcus aureus, and Campylobacter in the various vegetables 

varied between 2.26±0.49 log CFU/g and 8.19±0.28 log CFU/g. The prevalence of 

bacteria in different vegetables and districts is above 60%. The Multidimensional Scaling 

(MDS) of Campylobacter spp. and S. aureus in different vegetables revealed a strong 

correlation, while the presence of one bacterium might influence another. Additionally, 

the MDS of the bacteria for carrot, tomato, cucumber, and coriander leaves showed a 

strong correlation, suggesting their bacterial loads were almost similar. The results of this 

study suggested that foodborne bacteria were present in fresh vegetables from different 

markets, and their presence in fresh vegetables is alarming for public health. The results 

can be used by policymakers to develop food safety regulations and guidelines, and 

further research is needed to identify sources of contamination and to reduce the risk of 

foodborne illnesses.  

1. Introduction 

Vegetables offer a rich abundance of water- and fat-

soluble vitamins, dietary fibers, and minerals, including 

calcium, magnesium, and potassium, which impart 

profound benefits to human health (Fan and Song, 2008; 

Balali et al., 2020). The consumption of vegetables may 

mitigate the likelihood of developing various diseases, 

including cancer, cardiovascular disorders, and 

neurodegenerative conditions (Slavin and Lloyd, 2012). 

Consequently, there has been a 30% increase in 

vegetable cultivation worldwide (Hess and Sutcliffe, 

2018).  

These fresh vegetables are susceptible to microbial 

contamination throughout every stage of their 

production, harvesting, processing, and transportation 

(Jung et al., 2014; Murray et al., 2017; Iwu and Okoh, 

2019; Balali et al., 2020). Microbial contamination can 
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originate from a variety of sources, including irrigation 

water, soil, wastewater discharge, air, fecal-contaminated 

soil, organic fertilizers, and water utilized for washing 

vegetables (Marques et al., 2022). The geographic 

location of production, environmental factors influencing 

plant growth, and the timing of harvest can also exert a 

significant impact on the degree of microbial 

contamination observed in vegetables (Razzaq et al., 

2014; Bhilwadikar et al., 2019; Mostafidi et al., 2020). 

Additionally, vegetables that have undergone minimal 

processing before eating are particularly highly 

susceptible to microbial contamination and proliferation. 

This is due to techniques such as cutting and peeling, 

which can compromise the exterior natural barrier and 

release plant fluids that foster microbial growth (Xylia et 

al., 2019; Bhilwadikar et al., 2019). Salad vegetables, 

which are often cut into smaller pieces prior to 

consumption, experience an increase in surface area that 

can intensify the degree of microbial contamination on 

their surface (Lehto et al., 2011; de Quadros Rodrigues 

et al., 2014; Mritunjay and Kumar, 2017; Osafo et al., 

2022). 

Consuming these contaminated vegetables, people 

are getting infected and suffering from foodborne 

diseases. Globally, an estimated 600 million individuals 

are affected by foodborne diseases annually, with 

420,000 of these cases resulting in fatalities (Lee and 

Yoon, 2021). The most common symptoms of foodborne 

diseases include nausea, vomiting, diarrhea, fever, and 

chills (Bintsis, 2017; Smith and Fazil, 2019). These 

symptoms can lead to serious consequences such as 

hemolytic uremic syndrome (HUS) and life-threatening 

dehydration (Hoffmann et al., 2015). Salmonella spp., 

Campylobacter spp., Escherichia coli, Shigella, Vibrio, 

Listeria monocytogenes, Clostridium botulinum, and C. 

perfringens are the primary bacterial agents responsible 

for causing foodborne diseases (Scallan et al., 2011; 

Ullah et al., 2020).  

In the culinary traditions of Bangladesh, salad 

vegetables are typically consumed in their raw form 

(Kadir et al., 2022; Ohiduzzaman et al., 2022). Tomato, 

carrot, cucumber, coriander leaf, green chili, capsicum, 

and lettuce are the most consumed salad vegetables here 

in Dhaka city. Dhaka city is the world’s most densely 

populated city in the world.  

Major suppliers of tomato, carrot, cucumber, 

coriander leaf, green chili, capsicum, and lettuce to 

Dhaka city are Dhaka, Mymensingh, and Gazipur 

districts (Chowdhury et al., 2019; Habib et al., 2021). 

The microbial assessment of these salad vegetables in 

these districts is crucial for ensuring public health and 

safety in the city. Microbial analysis can be employed to 

trace the origin of foodborne diseases, which is a 

valuable tool for both regulatory authorities and 

consumers (Rahman et al., 2021). But here has been 

limited research conducted in Bangladesh to assess the 

microbial contamination present in fresh vegetables 

(Mamum et al., 2021).  

Fresh vegetables are prone to microbial 

contamination, originating from factors like irrigation 

water, air quality, soil conditions, and handling practices 

(Alegbeleye et al., 2018). The physical and chemical 

attributes of these vegetables exacerbate contamination, 

raising concerns for public health. Comprehensive 

research is essential to identify contamination sources, 

assess bacterial prevalence, and understand regional 

variations. Considering the problem statement, the 

following research questions were asked to conduct this 

study. What are the microbial contamination levels 

across different regions, including Dhaka, Gazipur, and 

Mymensingh districts? What is the prevalence and 

diversity of foodborne bacteria, such as Salmonella spp., 

E. coli, S. aureus, and Campylobacter spp., within 

different types of salad vegetables collected from 

markets in Bangladesh? Do different types of salad 

vegetables, including tomato, carrot, cucumber, 

coriander leaf, and green chili, exhibit significant 

differences in terms of total bacterial load, total viable 

count, and the presence of specific foodborne bacteria in 

the studied districts? And what insights can be gained 

from the Multidimensional Scaling (MDS) analysis of 

Campylobacter spp. and S. aureus in various salad 

vegetables? 

We hypothesized that variations in microbial loads 

among different vegetables found in different districts 

can impact public health and potentially increase the risk 

of foodborne diseases. Considering the problem 

statement, research questions and hypothesis, this 

research was conducted to evaluate the microbial 

contamination levels in fresh salad vegetables obtained 

from various regions of Dhaka, Mymensingh, and 

Gazipur. The study provides valuable insight into the 

microbial contamination levels and the prevalence of 

different food-borne bacteria in fresh salad vegetables. 

The findings from this study can also serve as a 

foundation for policymakers to develop and implement 

food safety regulations and guidelines aimed at reducing 

the incidence of foodborne illnesses associated with 

fresh vegetable consumption. 

 

2. Materials and methods 

2.1 Ethical approval 

Ethical approval was not required for this study. 
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2.2 Study location, periods, and field sample collection 

Fresh vegetables, including tomatoes, carrots, 

cucumbers, coriander leaves, and green chilies, were 

gathered from local markets in Dhaka, Mymensingh, and 

Gazipur districts of Bangladesh for analysis of their 

microbial contamination (Figure 1). A total of 90 

samples were collected, with 18 samples of each 

vegetable type. Total viable count (TVC), total S. aureus 

count (TStaC), total E. coli count (TEC), total 

Salmonella count (TSC), and total Campylobacter count 

(TCpC) were determined using plate count agar (PCA), 

Mannitol salt agar (MSA), MacConkey agar (MCA), 

xylose lysine deoxycholate agar (XLDA), and Blood 

agar base no. 2, respectively. 300 grams of each of the 

samples were collected in sterile, plastic Ziploc bags and 

transported to the laboratory in an ice box. Precautions 

were taken to prevent any physical contact or cross-

contamination. 

2.3 Culture media preparation 

PCA (Himedia, India), Blood base agar no. 2 

(Oxoid, Germany), MCA (Himedia, India), XLDA 

(Himedia, India), and MSA (Himedia, India) were 

prepared according to the guidelines of the 

manufacturers. 

2.4 Processing of salad vegetables for microbial 

assessment 

The samples were cut into small pieces, followed by 

dispersing 10 g of each sample into 90 mL of 0.1% 

peptone water. This resulted in a homogenized peptone 

water salad vegetable mixture, which was then 

quantitatively inoculated onto various microbial culture 

media for the purpose of assessing microbial 

contamination. 

2.5 Assessment of total Staphylococcus aureus count, 

total Salmonella count, total Escherichia coli count and 

total viable count  

To assess microbial contamination, 100 µL of 

homogenized peptone water salad vegetables mixture 

was inoculated on different culture media, including 

PCA, MSA, XLDA, and MCA, to determine the TVC, 

TStaC, TSC, and TEC, respectively. Incubation of all the 

culture media was done at 37°C for 24 h. The microbial 

enumeration was determined by multiplying the average 

number of colonies in each dilution by the dilution 

factor, and the overall microbial enumeration was 

reported as log CFU/g (ISO 4833-2:2013). 

2.6 Sample preparation for the detection of 

Campylobacter species 

Campylobacter spp. was isolated by the filtration 

method described by Neogi et al. (2020). The total 

Campylobacter spp. was determined according to ISO 

4833-2:2013. The total viable count was determined by 

multiplying the average number of colonies in each 

sample by the dilution factor. After 48 h, the incubated 

media were tested for Campylobacter spp. Colonies from 

the agar plate were then stained and examined under a 

microscope for the Gram-negative curve. Gram-negative 

curves from the agar media were subsequently 

subculture to obtain single pure colonies. 

2.7 Statistical analysis 

One-way analysis of variance ANOVA was used to 

compare the variation of bacterial loads in vegetables 

and districts using SAS 9.4 (SAS Institute, 2014). The 

means were compared, and the presence of significance 

was identified using the Tukey test. The correlation 

matrix of prevalence in bacterial load among different 

vegetables was used to calculate the multidimensional 

scaling (MDS), using Euclidean dissimilarity (Ward's 

method) matrix using XLSTAT 2019.2.2 (XLSTAT, 

2021). 

 

3. Results 

3.1 Total bacterial load of selected salad vegetables 

The highest bacterial load of Dhaka, Gazipur and 

Mymensingh districts was found in cucumber (5.96±0.42 

log CFU/g), coriander leaf (6.52±0.46 log CFU/g), and 

carrot (6.84±0.55 log CFU/g), respectively. The range of 

bacterial load of tomato, carrot, cucumber, coriander leaf 

and green chilli was between 5.70-6.68 log CFU/g, 5.27-

6.84 log CFU/g, 5.74-6.37 log CFU/g, 5.92-6.60 log 

CFU/g, and 5.64-6.32 log CFU/g, respectively. The 

presence of bacterial load in different vegetables and 

sampling locations did not show any significant 

differences (p>0.05) (Table 1). 

3.2 Contamination sources of selected fresh salad 

vegetables in different districts 

Tomato, carrot, cucumber, coriander leaf and green 

Figure 1. A total of 90 vegetable samples were collected from 

Dhaka, Gazipur, and Mymensingh districts in Bangladesh. 
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chili were contaminated mostly with E. coli and 

Staphylococcus spp. The range of contamination of salad 

vegetables by E. coli and S. aureus was between 4.95 - 

7.23 log CFU/g and 7.76- 8.19 log CFU/g, respectively. 

The highest TVC (9.44±0.20 log CFU/g), Salmonella 

spp. (4.14±0.32 log CFU/g), E. coli (7.23±0.47 log CFU/

g), S. aureus (8.19±0.28 log CFU/g), and Campylobacter 

spp. (4.04±0.35 log CFU/g) were found in green chili, 

coriander leaf, carrot and cucumber, respectively (Table 

2).  

It was found that vegetables collected from Dhaka, 

Gazipur and Mymensingh districts were contaminated 

mostly with E. coli and S. aureus. The range of 

contamination of salad vegetables by E. coli and S. 

aureus was between 6.25 - 6.94 log CFU/g and 6.50-8.79 

log CFU/g, respectively. The significantly (p<0.0001) 

highest TVC (9.10±0.10 log CFU/g), and Salmonella 

spp. (3.93±0.27 log CFU/g) were found in vegetables 

collected from the Dhaka districts. While significantly 

(p<0.0001) highest E. coli (6.94±0.34 log CFU/g), S. 

aureus (8.79±0.15 log CFU/g), and Campylobacter spp. 

(4.24±0.16 log CFU/g) were found in vegetables 

collected from Mymensingh district, respectively (Table 

3).  

 3.3 Prevalence of different bacteria isolated from fresh 

vegetable samples 

In all of the collected tomato samples from Dhaka 

district, Salmonella, E. coli, and S. aureus were found (n 

= 6, 100%), while 83.33% of samples contained 

Campylobacter spp. (n = 5). Salmonella spp., E. coli, S. 

aureus, and Campylobacter spp. were also found in 5 

(83.33%), 6 (100%), 6 (100%), and 6 (100%) tomato 

samples from the Gazipur district, respectively. In the 

Mymensingh district, Salmonella spp., E. coli, S. aureus, 

and Campylobacter spp. were also found in 5 (83.33%), 

6 (100%), 6 (100%), and 6 (100%) samples (Table 4). 

In the Dhaka district, tests conducted on carrot 

samples showed that Salmonella spp., E. coli, S. aureus, 

and Campylobacter spp. were present in 66.67% (n = 4), 

100% (n = 6), 83.33% (n = 5), and 50% (n = 3) of the 

samples, respectively. In the Gazipur district, tests 

conducted on carrot samples showed that Salmonella 

spp., E. coli, S. aureus, and Campylobacter spp. were 

present in 83.33% (n = 5), 83.33% (n = 5), 100% (n = 6), 

and 100% (n = 6) of the samples, respectively. In all of 

the collected carrot samples from Mymensingh, E. coli, 

S. aureus, and Campylobacter spp. were available (n = 6, 

100%), while 83.33% of samples contained Salmonella 

spp. (n = 5). 

In all of the collected cucumber samples from the 

Dhaka district, Salmonella spp., E. coli, and S. aureus 

were available (n = 6, 100%), while 83.33% of samples 

contained Campylobacter spp. (n = 5). In all of the 

collected cucumber samples from Gazipur district E. 

  Dhaka Gazipur Mymensingh p-value 
Tomato 5.70±0.39a 6.28±0.58a 6.68±0.48a 0.3639 
Carrot 5.27±0.62a 6.15±0.54a 6.84±0.55a 0.1554 

Cucumber 5.96±0.42a 6.37±0.57a 5.74±0.62a 0.7111 
Coriander leaf 5.92±0.44a 6.52±0.46a 6.60 ±0.51a 0.5417 

Green chili 5.64±0.53a 6.32±0.53a 5.87±0.52a 0.6545 

Table 1. Total bacterial load of selected fresh salad vegetables of different districts of Bangladesh. 

Values are presented as mean±SE. Values with different superscripts in the same row are statistically significantly different 

(p≤0.05). 

  TVC SAL ECOL STAPH CAM p value 
Tomato 8.74±0.56a 3.50 ±0.35c 7.13±0.24b 7.88±0.35ab 3.86±0.35c <0.0001 
Carrot 8.95±0.55a 3.33±0.52b 7.23±0.47a 7.76±0.51a 3.16±0.43b <0.0001 

Cucumber 8.62±0.54a 2.26±0.49d 7.01±0.17b 8.19±0.28ab 4.04±0.35c <0.0001 
Coriander leaf 9.25±0.14a 4.14±0.32c 6.73±0.45b 7.86±0.34b 3.76±0.40c <0.0001 

Green chili 9.44±0.20a 3.69±0.42b 4.95±0.69b 7.82±0.24a 3.83±0.31b <0.0001 

Table 2. Contamination source of selected fresh salad vegetables.  

Values are presented as mean±SE. Values with different superscripts in the same row are statistically significantly different 

(p≤0.05). TVC: total viable count, SAL: Salmonella spp., ECOL: E. coli, STAPH: S. aureus, CAM: Campylobacter spp. 

  TVC SAL ECOL STAPH CAM p value 
Dhaka 9.10±0.10a 3.93±0.27c 6.25±0.22b 6.50±0.27b 2.72±0.39d <0.0001 
Gazipur 8.92±0.47a 3.43±0.33c 6.64±0.50b 8.42±0.15a 4.23±0.14c <0.0001 
Mymensingh 8.98±0.34a 2.79±0.40d 6.94±0.34b 8.79±0.15a 4.24±0.16c <0.0001 

Table 3. Contamination loads in the collected vegetables from different districts of Bangladesh. 

Values are presented as mean±SE. Values with different superscripts in the same row are statistically significantly different 

(p≤0.05). TVC: total viable count, SAL: Salmonella spp., ECOL: E. coli, STAPH: S. aureus, CAM: Campylobacter spp. 
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coli, S. aureus, and Campylobacter spp. were available 

(n = 6, 100%), while 83.33% of samples contained 

Salmonella spp. (n = 5). In all of the collected cucumber 

samples from Mymensingh district E. coli, S. aureus and 

Campylobacter spp. were available (n = 6, 100%), while 

33.33% of samples contained Salmonella spp. (n = 2). 

In all of the collected coriander leaf samples from 

Dhaka district, Salmonella spp., E. coli, and S. aureus 

were available (n = 6, 100%), while 83.33% of the 

samples Campylobacter spp. (n = 5). In all of the 

collected coriander leaf samples from Gazipur district, 

Salmonella spp., S. aureus and Campylobacter spp. were 

available (n = 6, 100%), while 83.33% of samples 

contained E. coli (n = 5). In all of the collected coriander 

leaf samples from Mymensingh district, E. coli, S. 

aureus and Campylobacter spp. were available (n = 6, 

100%), while 66.67% of samples contained Salmonella 

spp. (n = 4).  

In almost all of the collected green chili samples 

from Dhaka district, Salmonella spp., E. coli, and 

Campylobacter spp. were available (n = 5, 83.33%), 

while 100% of samples contained S. aureus (n = 6). In 

all of the collected green chili samples from Gazipur 

district, Salmonella spp., S. aureus, and Campylobacter 

spp. were available (n = 6, 100%), while 66.67% of 

samples contained E. coli (n = 4). In all of the collected 

green chili samples from Mymensingh district, S. aureus 

and Campylobacter spp. were available (n = 6, 100%), 

while 66.67% of samples contained Salmonella spp. (n = 

4) and 83.33% of the samples had E. coli (n = 5) (Table 

4). 

3.4 Correlation of bacterial loads available in different 

vegetables in Bangladesh  

With a Kruskal's stress value of 1.759E-5, the 

multidimensional scaling (MDS) analysis of bacterial 

prevalence among bacteria in different vegetables 

indicated that S. aureus (Sta) (dimensions: 0.263,-0.292) 

and Campylobacter spp. (Cam) (0.263,-0.292) were 

highly correlated with each other. Whereas, Salmonella 

spp. (Sal) (dimensions: -0.609, -0.274) and E. coli (Ecol) 

(dimensions: 0.084, 0.859) maintained a distance with 

Sta (dimensions: 0.263,-0.292) and Cam (dimensions: 

0.263,-0.292) (Figure 2). The Shepard diagram suggested 

that the MDS result of bacteria and different districts was 

reliable (Figure 3). 

On the other hand, with a Kruskal's stress value of 

0.176, the multidimensional scaling (MDS) analysis of 

bacterial prevalence in different vegetables indicated that 

carrot (dimensions: -0.326, 0.410), tomato (dimensions: -

0.263, 0.349), cucumber (dimensions: -0.126, 0.257) and 

coriander (dimensions: 0.029,-0.058) were highly 

correlated with each other. Whereas, the prevalence of 

chili (dimensions: 0.686, -0.958) was found to be an 

outlier than other investigated vegetables in terms of 

bacterial loads (Figure 4). The Shepard diagram 

Sample 
name  

Location 
No. of 

samples 

Number and percentage of bacterial prevalence 

Salmonella spp. E. coli S. aureus Campylobacter spp. 

Tomato 

Dhaka 6 6 (100) 6 (100) 6 (100) 5 (83.33) 

Gazipur 6 5 (83.33) 6 (100) 6 (100) 6 (100) 

Mymensingh 6 5 (83.33) 6 (100) 6 (100) 6 (100) 

Total 18 16 (88.89) 18 (100) 18 (100) 17 (94.44) 

Carrot 

Dhaka 6 4 (66.67) 6 (100) 5(83.33) 3 (50) 

Gazipur 6 5 (83.33) 5 (83.33) 6(100) 6 (100) 

Mymensingh 6 5 (83.33) 6 (100) 6(100) 6 (100) 

Total 18 14 (77.78) 17 (94.44) 17(94.44) 15 (83.33) 

Cucumber 

Dhaka 6 6 (100) 6 (100) 6(100) 5(83.33) 

Gazipur 6 4 (66.67) 6 (100) 6(100) 6(100) 

Mymensingh 6 2 (33.33) 6 (100) 6(100) 6(100) 

Total 18 12 (66.67) 18 (100) 18(100) 17(94.44) 

Coriander 
leaf 

Dhaka 6 6 (100) 6 (100) 6 (100) 5 (83.33) 

Gazipur 6 6 (100) 5 (83.33) 6 (100) 6 (100) 

Mymensingh 6 4 (66.67) 6(100) 6 (100) 6 (100) 

Total 18 16 (88.89) 17 (94.44) 18 (100) 17 (94.44) 

Green chili 

Dhaka 6 5 (83.33) 5 (83.33) 6 (100) 5 (83.33) 

Gazipur 6 6 (100) 4 (66.67) 6 (100) 6 (100) 

Mymensingh 6 4 (66.67) 5 (83.33) 6 (100) 6 (100) 

Total 18 15 (83.33) 14 (77.78) 18 (100) 17 (94.44) 

Table 4. Prevalence of different bacteria isolated from selected fresh vegetables of different districts of Bangladesh. 

Values: sample number (percentage) 
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suggested that the MDS result of bacteria and different 

vegetables was reliable (Figure 5). 

 

4. Discussion  

Ensuring an adequate yield of fresh vegetables is 

essential for meeting food demand and ensuring food 

security, particularly in developing countries where food 

safety and quality are persistent challenges (Amissah-

Reynolds et al., 2020; Salamandane et al., 2020). Food is 

a primary vector for transmitting foodborne 

microorganisms, and fresh vegetables are susceptible to 

contamination by foodborne pathogens, thereby serving 

as potential vehicles for human pathogen transmission 

(Berger et al., 2010; Petrović and D’Agostino, 2016; 

Heredia and García, 2018; Moon et al., 2022). 

Foodborne illnesses are caused by nearly 250 different 

pathogens, including bacteria, viruses, and parasitic 

organisms (Linscott, 2011; Abebe et al., 2020; Haramain 

et al., 2021). In 2011, it was estimated that globally, 

approximately 2 million deaths were attributed to 

diarrheal illnesses, with approximately 70% of these 

cases being foodborne (Bintsis, 2017; Profit et al., 2021). 

Over the past few decades, there has been extensive 

research conducted on the interaction between human 

pathogens and plants, with the aim of improving the 

microbiological safety of plant production (Upadhyay et 

al., 2014; Lahlali et al., 2022; Ohiduzzaman et al., 

2022). However, the present study examined the 

microbial contamination levels of salad vegetables sold 

in Dhaka, Gazipur, and Mymensingh regions and aimed 

to isolate and identify the bacterial strains present in 

these vegetables. 

4.1 Total bacterial load of selected salad vegetables 

The results of bacterial loads in vegetables collected 

from different districts indicated that the highest 

bacterial loads were found in cucumber, coriander leaf, 

and carrot in the respective districts of Dhaka, Gazipur, 

and Mymensingh, with average values of 5.96±0.42 log 

CFU/g, 6.52±0.46 log CFU/g, and 6.84±0.55 log CFU/g. 

The range of bacterial loads for tomato, carrot, 

cucumber, coriander leaf, and green chili fell within the 

ranges of 5.70-6.68 log CFU/g, 5.27-6.84 log CFU/g, 

5.74-6.37 log CFU/g, 5.92-6.60 log CFU/g, and 5.64-

6.32 log CFU/g, respectively. Interestingly, the statistical 

analysis (p>0.05) reveals that there were no significant 

differences in bacterial load among the various 

vegetables and sampling locations. This suggests that, 

despite variations in bacterial loads, these differences do 

not reach a level of statistical significance, implying 

relatively consistent levels of microbial contamination 

across different vegetable types and districts. 

The study demonstrates that microbial contamination 

levels in salad vegetables across the sampled districts are 

generally consistent, as indicated by the lack of 

significant differences in bacterial load among 

vegetables and locations. This consistency in 

contamination levels suggests that the risk of foodborne 

pathogens in these fresh vegetables remains relatively 

uniform across the regions studied (Younus et al., 2020). 

Figure 5. Shepard diagram of multidimensional scaling 

(MDS) analysis. 

Figure 3. Shepard diagram of multidimensional scaling 

(MDS) analysis. 

Figure 2. Multidimensional scaling (MDS) analysis of 

bacterial prevalence in different vegetables Sal: Salmonella 

spp., Ecol: E. coli, Sta: S. aureus, Cam: Campylobacter spp. 

Figure 4. Multidimensional scaling (MDS) analysis of 

bacterial prevalence in different vegetables. 
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While the study did not find significant differences, it's 

important to emphasize that the presence of bacteria at 

these levels in salad vegetables is a cause for concern, 

especially when considering public health (Osafo et al., 

2022). These findings underscore the importance of 

implementing and maintaining rigorous food safety 

practices throughout the supply chain to mitigate the risk 

of foodborne illnesses. Despite the lack of significant 

differences, continuous monitoring and adherence to 

microbiological criteria in the production and 

distribution of fresh vegetables remain crucial (Balali et 

al., 2020). This ensures that contamination levels remain 

within acceptable limits, promoting food safety and 

safeguarding public health. 

4.2 Contamination source of selected fresh salad 

vegetables in different districts 

The results of bacterial loads in vegetables indicated 

that the tomato, carrot, cucumber, coriander leaf, and 

green chili, were primarily contaminated with two types 

of bacteria, E. coli and Staphylococcus spp. The 

contamination levels for these bacteria ranged between 

4.95 - 7.23 log CFU/g and 7.76 - 8.19 log CFU/g, 

respectively. Furthermore, among these vegetables, 

green chili exhibited the highest TVC with an average of 

9.44±0.20 log CFU/g, followed by coriander leaf 

(4.14±0.32 log CFU/g), carrot (7.23±0.47 log CFU/g), 

and cucumber (8.19±0.28 log CFU/g). Campylobacter 

spp. contamination levels were found to be the lowest, 

with an average of 4.04±0.35 log CFU/g across the 

vegetables. 

The study suggested that E. coli and Staphylococcus 

spp. are the predominant contaminants in the studied 

salad vegetables. This suggests that these bacteria are 

more resilient or prevalent in the agricultural and 

distribution environments of these vegetables (Osafo et 

al., 2022). Notably, there is variability in contamination 

levels across the different vegetables. Green chili had the 

highest overall microbial load (TVC), indicating a higher 

susceptibility to contamination (Ohiduzzaman et al., 

2022). This variation emphasizes the need for specific 

preventive measures targeting vegetables that are more 

prone to contamination, such as green chili. The presence 

of these bacteria in salad vegetables, especially at the 

observed levels, raises concerns for food safety. E. coli 

and Staphylococcus spp. can pose health risks if 

consumed, highlighting the importance of proper food 

handling, storage, and cooking practices to minimize 

these risks (Osafo et al., 2022). These findings 

underscore the importance of routine monitoring and 

quality control measures throughout the production and 

distribution of salad vegetables. It is crucial to adhere to 

microbiological criteria to ensure that contamination 

levels remain within safe limits. Consumption of pristine 

vegetables has extended over recent times because 

vegetables can deliver imperative constituents for 

humans. Still, fresh vegetables consumed raw have been 

associated with outbreaks of foodborne diseases (Liu and 

Song, 2019). Food borne sickness has been chronicled in 

an accelerating number, substantially related to 

consuming fresh vegetables (Ghimire et al., 2020). This 

can be due to poor treatment of fresh vegetables at the 

farmer echelon to the dealer level, so impurity repeatedly 

occurs during harvesting, lifting, or marketing (Bahri et 

al., 2022). Escherichia coli, as an enteric pathogen 

causing hemorrhagic colitis, is turning progressively 

significant for public health, particularly the 

psychotropic strain E. coli O157 H7, which can grow on 

fresh-cut vegetables and reused meat products at 4 – 

12℃ (Osiriphun et al., 2020). Escherichia coli has 

become a hazardous foodborne pathogen globally 

responsible for gastroenteritis epidemics in North 

America, Europe, Asia, and Africa, and many strains 

have been constantly intertwined in undercooked foods, 

polluted ground beef, raw milk, unpasteurized cider and 

apple juice, bean sprouts, or fresh leafy vegetables (Giri 

et al., 2021). In the USA and the European Union (EU), 

39.5% and 42.6% of foodborne disease outbreaks from 

raw vegetable consumption, respectively, were caused by 

pathogenic bacteria. In developing countries, a 

disquisition in Brazil showed that E. coli is present in 

53.1% of ready-to-eat (RTE) vegetables, whereas 

Listeria spp. and Salmonella spp. reckoned for 3.7% and 

1.2%, respectively. In Rwanda, 15% of raw vegetables 

are defiled by pathogenic microorganisms, with E. coli 

accounting for the most significant portion (6.1%) 

(Wang et al., 2019). E. coli pathotypes are inclusively 

known as diarrheagenic E. coli (DEC). The DEC 

pathotypes differ regarding their preferential host 

colonization spots, virulence mechanisms, and clinical 

symptoms and consequences. The DEC pathotypes can 

be classified as Enteropathogenic E. coli (EPEC), 

Enterohemorrhagic E. coli (EHEC/ STEC), 

Enteroaggregative E. coli (EAEC), Enterotoxigenic E. 

coli (ETEC) and Enteroinvasive E. coli (EIEC). Each of 

these pathotypes represents a bunch of duplicates that 

can exhibit specific virulence factors (Alabi et al., 2022). 

The results showed that E. coli concentrations from 4.95 

to 7.23 log CFU/g in different vegetables, and 6.25 to 

6.94 log CFU/g among three districts are above the 

allowed limit of 2 log CFU/g. This suggests that the 

samples of fresh vegetables tested contained significant 

quantities of E. coli. According to Younus et al. (2020), 

E. coli was found in ready-to-eat mixed vegetable salads 

ranging from 4.98 log CFU/g to 6.66 log CFU/g. This 

result shows a comparatively lower mean value than our 

result. Also, in terms of the prevalence of E. coli, we 
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found 93.33% in fresh vegetables. But Ema et al. (2022) 

found 40% E. coli on salad vegetables, Nigar et al. 

(2021) found 55 samples E. coli positive (46.22%) out of 

the 119 vegetable samples. That means that our result 

shows more E. coli prevalence (more than twice) 

compared with those two studies. A higher percentage of 

E. coli is likely caused by contaminated harvesters, 

infected wildlife, polluted water, and inadequately 

constructed manure. 

The pathogen S. aureus has been associated with 

food handling procedures. The third most common 

bacterium in the world that taints food is S. aureus. 

Ingestion of enterotoxins through the digestive system 

typically results in toxicities. Bacteria cause more than 

90% of known foodborne illnesses. Among them, 75% 

of reported cases are due to S. aureus (Moussé et al., 

2020). S. aureus is the main cause of food poisoning 

cases, despite the fact that S. intermedius and S. hyicus 

are also members of the enterotoxigenic Staphylococcus 

spp. (Bilgin et al., 2019). This pathogen was discovered 

in 25% of ready-to-eat food in China and was linked to 

more than 20% of reported fruit and vegetable-related 

disease outbreaks in Brazil (Kothe et al., 2021). 

According to the Centers for Disease Control and 

Prevention (CDC), 3000 deaths and 48 million illnesses 

from foodborne illnesses occur in the United States each 

year, yet only a small number of cases are detected by 

conventional monitoring methods. Staphylococcus 

aureus is a major cause of contaminated food because it 

can thrive in harsh environments. Staphylococcus aureus 

was responsible for 25 fatalities and one million cases of 

foodborne disease in 2010 (Li et al., 2020). 

Staphylococcus aureus in individual fresh-cut vegetables 

demonstrates inadequate hygiene practices, and 

concentrations of more than 4 log CFU/g are potentially 

hazardous. In this study, S. aureus counts varied from 

7.76 to 8.19 log CFU/g in different vegetables, which is 

above the allowed limit of 4 log CFU/g; 2.79 to 3.93 log 

CFU/g among three districts. But Rahman et al. (2021) 

stated that the count of S. aureus varied from 3.48 log 

CFU/g to 4.81 log CFU/g. This implies that S. aureus 

counts in our study vary from his study. Also, in terms of 

the prevalence of S. aureus in our study, 98.89% were 

shown in total. But according to Yigrem et al. (2022), 

among the retail vegetable samples, 31 (28.18%) were 

positive for S. aureus. This percentage is much lower 

than the percentage we found in our study. The result 

suggests that in retail settings, the hands of vendors, 

washing water, or insects may be the cause of raw 

vegetable contamination by S. aureus. 

The results of microbial loads from different districts 

indicated that vegetables collected from Dhaka, Gazipur, 

and Mymensingh districts were primarily contaminated 

with two types of bacteria, E. coli and S. aureus. The 

range of contamination for E. coli and S. aureus was 

between 6.25 - 6.94 log CFU/g and 6.50 - 8.79 log CFU/

g, respectively. Specifically, vegetables collected from 

Dhaka were found to have the highest TVC with an 

average of 9.10±0.10 log CFU/g and a low Salmonella 

spp. contamination of 3.93±0.27 log CFU/g. In contrast, 

vegetables collected from Mymensingh district exhibited 

significantly higher levels of E. coli (6.94±0.34 log CFU/

g), S. aureus (8.79±0.15 log CFU/g), and Campylobacter 

spp. (4.24±0.16 log CFU/g). The findings highlight 

significant regional differences in the contamination of 

salad vegetables. Dhaka district showed higher TVC 

levels, suggesting a potentially lower level of hygiene 

practices in this area (Iqbal et al., 2015; Ohiduzzaman et 

al., 2022). Conversely, Mymensingh district exhibited 

significantly higher levels of E. coli, S. aureus, and 

Campylobacter spp., indicating unique contamination 

patterns in this region. The microbiological quality of 

vegetables is greatly influenced by the number of 

bacteria present, and a high TVC indicates a potentially 

hazardous situation with the risk of contamination (Seow 

et al., 2012; Iqbal et al., 2015; Ohiduzzaman et al., 

2022). The TVCs varied among different points where 

vegetables were sourced, because of varying levels of 

aseptic conditions maintained by vegetable dealers in 

those locations. The difference in bacterial 

contamination was more pronounced in areas where the 

aseptic conditions were poor, whereas when the source 

was well-maintained, the degree of bacterial 

contamination was similar across all locations (Islam et 

al., 2011; Alegbeleye et al., 2018). The relatively low 

Salmonella spp. levels found in Dhaka vegetables may 

be indicative of better food safety practices in that 

region, as Salmonella spp. is a common indicator of food 

safety (Ehuwa et al., 2021; Desiree et al., 2021). 

Ohiduzzaman et al. (2022) have found Salmonella spp. 

in fresh vegetables as well, which was in concentrations 

ranging from 4.75 to 5.27 log CFU/g. This result is 

higher than the result we found. The different results 

came out because of the different locations. Also, 

according to Desiree et al. (2021), 88 (28.2%) 

Salmonella spp. were found in 312 vegetable samples. 

Salmonella spp. are more prevalent than usual, which is 

likely a result of subpar production and handling 

methods used on farms, cross-contamination during 

transit, and subpar hygiene and sanitation procedures 

used in markets (Popa and Popa, 2021; Ehuwa et al., 

2021; Elbehiry et al., 2023). Salmonella spp. is one of 

the major foodborne pathogens that can cause minacious 

disease in humans. Salmonella spp. infection remains a 

preeminent public health concern worldwide, 

contributing to the heavy burden of industrialized and 

underdeveloped countries through the costs associated 
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with surveillance, forestallment, and treatment of 

complaints on raw foods like vegetables and fruits 

(Corredor-García et al., 2021). Particularly, some spurts 

of human Salmonella spp. infection correlated to span-

new vegetables has been blazoned in developed 

countries. Extensively, 94 million cases of gastroenteritis 

and 155,000 deaths are attributed to Salmonella spp. 

each year (Yang et al., 2020). Salmonella spp. were 

found in all of the fresh vegetables that were examined, 

according to the findings. Salmonella spp. were found in 

concentrations ranging from 2.26 to 4.19 log CFU/g in 

different vegetables, and from 2.79 to 3.93 log CFU/g 

among three districts, which was unsatisfactory. 

Salmonella spp. in any proportion poses a substantial 

risk to consumers (Gilbert et al., 2000). Whereas, in our 

cases, 73 (81.11%) Salmonella spp. were found in 90 

vegetable samples. 

The higher levels of E. coli, S. aureus, and 

Campylobacter spp. in vegetables from Mymensingh are 

of concern, as these bacteria can pose health risks if 

consumed (Ohiduzzaman et al., 2022). This underscores 

the importance of implementing and enforcing strict food 

safety measures, especially in regions where 

contamination levels are significantly elevated. Further 

research may be needed to identify the specific sources 

of contamination in Mymensingh and develop targeted 

strategies for reducing the incidence of foodborne 

illnesses associated with the consumption of salad 

vegetables in that region. 

The most prevalent causes of foodborne acute 

bacterial gastroenteritis are C. jejuni and C. coli. In 

general, intake of raw or undercooked animal products, 

tainted water, and contaminated food and drink goods 

transmits Campylobacter spp. to people. Additionally, 

contact with sick animals or exposure to an environment 

polluted by their excrement can result in the transmission 

of pathogens to people (Abay et al., 2022). 

Salmonellosis has been overtaken by human 

campylobacteriosis in a number of cases during the past 

10 years, according to the European Center for Disease 

Prevention and Control (ECDC) and the Zoonoses 

Reports of the European Food Safety Authority (EFSA). 

This is mostly due to C. jejuni (Habib, Mohamed and 

Khan et al., 2021). One of the main causes of foodborne 

gastrointestinal illnesses globally, Campylobacter 

accounts for over 17% of all human diarrhea cases 

worldwide. About 90% of Campylobacter infections are 

caused by C. jejuni, making it the main cause of 

campylobacteriosis. Campylobacteriosis is a serious 

economic and public health burden with an estimated 

yearly cost of $1.7 billion in the United States and €2.4 

billion in the European Union (Petersen et al., 2021). 

Campylobacter spp. were prevalent in the fresh 

vegetable samples examined in this investigation. 

Unsatisfactory concentrations of Campylobacter spp. 

were observed in our investigation, ranging from 3.16 to 

4.04 log CFU/g in different vegetables, and from 2.72 to 

4.04 log CFU/g among three districts. Campylobacter 

spp. were discovered in fresh vegetable samples by 

Ohiduzzaman et al. (2022), with quantities ranging from 

2.73 to 4.55 log CFU/g. In terms of comparison, both 

works displayed comparable results. In fresh vegetables, 

we discovered 92.22% positive Campylobacter spp. 

According to Kougblénou et al. (2019), 18.8% of green 

fresh vegetable samples tested positive for 

Campylobacter spp. Our results demonstrate a 5-fold 

increase in Campylobacter spp. prevalence as compared 

to his. Azimirad et al. (2021) found 3.5% Campylobacter 

spp. from raw and ready-to-eat green leafy vegetables. 

This percentage is lower when compared with the 

percentage we found in our work. The findings showed 

that Campylobacter spp. is prevalent in salad veggies, 

which poses a danger to consumers and can cause 

illnesses such as gastroenteritis and Guillain-Barré 

syndrome (GBS). 

4.3 Prevalence of different bacteria isolated from fresh 

vegetable samples 

The prevalence study analyzed the presence of 

foodborne pathogens in various types of salad vegetables 

collected from different districts in Bangladesh. The 

findings revealed a widespread contamination of salad 

vegetables by Salmonella spp., E. coli, S. aureus, and 

Campylobacter spp. across all districts. Specifically, all 

tomato samples from Dhaka, Gazipur, and Mymensingh 

districts were contaminated with these pathogens. 

Similar trends were observed for carrot, cucumber, 

coriander leaf, and green chili samples, with varying 

prevalence but consistently high contamination rates. 

The high prevalence of these mentioned bacteria in the 

vegetables might be due to contaminated irrigation 

water, unsanitary farming practices, soil contamination, 

airborne contamination, cross-contamination during 

harvest and transport, local climate, lack of proper 

storage and refrigeration and varietal susceptibility 

(Mritunjay and Kumar, 2016; Alegbeleye et al., 2018; 

Alegbeleye et al., 2022). Vegetables are often irrigated 

with water from various sources, including rivers, lakes, 

or underground wells. If this water is contaminated with 

fecal matter or other pathogens, it can easily transfer 

these bacteria to the crops. Farmworkers who handle 

these vegetables may not follow proper hygiene 

practices, leading to the introduction of harmful 

microorganisms. This can include improper 

handwashing, using contaminated tools, or not wearing 

protective gear. The soil in which these vegetables are 

grown can contain harmful bacteria due to the presence 
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of animal waste, unsanitary conditions, or the use of 

contaminated compost. Air quality, especially in areas 

with high pollution or close proximity to industrial 

activities, can deposit bacteria onto the crops. Salad 

vegetables are often transported in open containers and 

may come into contact with contaminated surfaces, 

further spreading the pathogens (Jung et al., 2014; 

Akoachere et al., 2018). The local climate and weather 

conditions can influence bacterial growth. High 

temperatures and humidity can promote the proliferation 

of bacteria on the vegetables. After harvest, if these 

vegetables are not stored at the right temperature or in 

sanitary conditions, it can lead to bacterial growth 

(Alegbeleye et al., 2022). 

4.4 Correlation of bacterial loads available in different 

vegetables in Bangladesh 

MDS analysis of bacteria and vegetables suggested 

that the MDS dimensions of S. aureus and 

Campylobacter spp. were similarly correlated with each 

other. These findings imply that S. aureus and 

Campylobacter spp. came from similar sources of 

contamination and have a strong relationship. Whereas 

Salmonella spp. and E. coli maintained a distance from 

S. aureus and Campylobacter spp. This can be 

interpreted as a different prevalence for Salmonella spp. 

and E. coli. According to Abakari et al. (2018), E. coli 

was correlated positively and significantly with Shigella 

spp.; which is different from our result. The results of the 

MDS examination of the number of bacteria found in 

various vegetables showed that carrot, tomato, 

cucumber, and coriander had MDS dimensions that were 

highly associated with one another, but chili maintained 

a significant distance from the other vegetables. Chili has 

a distinct bacterial predominance. According to Cobbina 

et al. (2013), there was a positive correlation between E. 

coli levels in lettuce and amaranth, which is different 

from our result.  

 

5. Conclusion 

The current study delved into the microbial load of 

ready-to-eat salad vegetables, considering various factors 

such as vegetable types and districts. The findings 

underscored significant differences in bacterial loads 

among specific vegetables and districts, highlighting the 

need for vigilance in ensuring food safety. The 

prevalence of various microbes, notably S. aureus, 

Salmonella spp., E. coli, and Campylobacter spp., was 

notably high, raising concerns about public health. 

Notably, coriander leaf, tomato, cucumber, and carrot 

exhibited strong correlations, as did S. aureus and 

Campylobacter spp. The results emphasize the 

importance of raising public awareness regarding the 

potential health risks associated with these vegetables 

and call for stringent adherence to microbiological 

criteria in the handling and distribution of fresh 

vegetable samples by farmers and marketers. 
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