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Abstract

The present study was carried out to investigate the microbiological quality and incidence of 
pathogenic bacteria found in green chilli and cabbage from different shops in Dhaka city. A 
total of 20 samples, 10 green chillies (Capsicum annuum) and 10 cabbages (Brassica oleracea 
var. capitata) were randomly collected from 20 sampling sites in central Dhaka. The numbers 
of total heterotrophic bacteria, total coliform and total Staphylococcus aureus were enumerated 
for each sample by dilution and spread plate technique. The ranges of total heterotrophic 
bacterial counts (log10cfu/g) in chilli and cabbage samples were 8.30 – 11.43 and 10.27 – 11.83, 
respectively. Total coliform counts (log10cfu/g) ranged between 5.30 – 8.39 and 6.38 – 8.57 in 
chilli and cabbage samples, respectively. The level of contamination by Staphylococcus aureus 
was lower than that of coliforms and demonstrated counts (log10cfu/g) between 4.25 – 7.91 and 
5.61 – 7.77 in chilli and cabbage, respectively. The presence of Salmonella, Shigella and Vibrio 
species were determined following appropriate enrichment culture technique. More than 40% 
of both types of samples were contaminated with one or more of the pathogens (Salmonella 
spp., Vibrio cholerae or V. parahaemolyticus). It can be concluded that high level of bacterial 
contamination of green chilli and cabbage poses serious threat to public health if they were 
consumed raw or after inadequate processing.

Introduction

Cabbage and green chilli are generally consumed 
raw as salad items in Bangladesh and in many other 
parts of the world. Vegetables are cheap sources of 
important proteins, vitamins and essential amino 
acids (USDA, 2011; Liu, 2013). Green chilli is an 
integral component of Bangladeshi, Indian, Thai and 
Mexican cuisines. It is used in cooking for almost all 
savoury dishes as well as spices. Green chilli is low 
in fat and cholesterol but rich in fibre, vitamins and 
minerals. The spicy and hot flavour of green chilli is 
imparted by a chemical, capsaicin. On the other hand, 
cabbage is one of the popular winter vegetables in 
Bangladesh. It is widely grown in both tropical and 
temperate regions of the world with positive increase 
in production.

The growth of different vegetables varies in 
different seasons of the year that suit their growth 
conditions. Vegetables can be contaminated from 
different sources, such as soil, water, insects, air, 
birds, animals and from equipment during cultivation 
and marketing them. Generally vegetables have 
103 to 105 microorganisms/cm3 or 104 to 107 
microorganisms/g. Some of the predominant bacterial 

types are lactic acid bacteria, Corynebacterium, 
Enterobacter, Proteus, Micrococcus, Enterocoocus, 
Pseudomonas and spore-formers. They may also 
have different types of molds, such as Alternaria, 
Fusarium, and Aspergillus growing on their surface. 
Vegetables can be contaminated by enteric pathogens 
if animal or human wastes and polluted water are 
used for fertilization and irrigation which may cause 
illness in human (Soriano et al., 2001; Amoah et al., 
2009). Listeria monocytogenes, Salmonella spp., 
Shigella spp., Clostridium botulinum, Clostridium 
perfringens and Escherichia coli are important 
pathogens reported to cause food borne infections 
associated with different vegetables (Soriano et al., 
2001; Harris et al., 2003; Polcovnicu et al., 2008). 
Pathogens present in contaminated foods may 
harbour virulence genes, toxins and enzymes, which 
aids in pathogenesis (Fremaux et al., 2007; Sahilah 
et al., 2010). Raw vegetables may be bruised during 
processing and distribution resulting in the release 
of plant nutrients which may serve as the potential 
organic and inorganic substrates for microorganisms 
(Zhao et al., 1997; Soriano et al., 2001). As a 
consequence, outbreaks of food borne diseases are 
often associated with vegetables in many countries 
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of the world (CDC, 2000, 2010). 
Food borne outbreaks are likely to occur worldwide 

because of the consumption of contaminated ready to 
eat salad vegetables (Ponka et al., 1999; Tauxe et al., 
1997).  Global incidence of cholera was estimated 
to be 2.8 million cases and 91,000 deaths every year 
(Ali et al., 2012). It is important to establish critical 
control points to reduce contamination to safe levels 
by applying the principles of Hazard Analysis and 
Critical Control Point (HACCP) (Michalowska 
and Korczak, 2008). This study was conducted to 
determine the level of microbial contamination of 
green chilli and cabbage in samples collected from 
different selling spots in Dhaka city.

Materials and Methods

Sampling sites
Two types of vegetables (green chilli and 

cabbage) were collected randomly from 10 different 
selling spots (grocery shops) and from street vans 
from Moghbazar and surrounding areas in central 
Dhaka city between August 2013 and December 
2013. Samples were collected early in the morning in 
a sterile plastic bag and transported to the laboratory 
as soon as possible for further processing. Sample 
collection sites for these two vegetables are shown 
in Table 1.

Sample processing
All samples were processed following standard 

methods (APHA, 2012). Briefly, 25 g of each sample 
was mixed with 250 ml sterile normal saline and 
homogenized in a blender. Homogenized sample 
was serially diluted to 10-9 following 10-fold serial 
dilution and spread on different types of media for 
enumeration of bacterial load (Cappuccino and 
Sherman, 1996).

Microbiological analysis
All microbiological analyses were done in 

triplicate to determine the mean of the bacterial count.

Enumeration of total heterotrophic bacteria 
A total of 0.1 ml of diluted homogenate was 

spread on nutrient agar (NA, Oxoid, UK) for 
enumerating total heterotrophic bacteria (THB). 
After incubation at 37oC for 24 hours, plates were 
examined to enumerate total number of colonies.

Quantitation of total coliforms
Diluted homogenates were plated onto 

membrane Faecal Coliform (mFC, Oxoid, UK) agar 
and incubated at 37°C overnight. Characteristic 

blue coloured colonies were counted to estimate the 
number of total coliforms. 

Estimation of total Staphylococcus aureus
Diluted homogenates (0.1 ml) was spread onto 

Mannitol Salt Agar (MSA, Himedia Laboratories Ltd., 
India) and incubated for 24-48 hours at 37°C. Typical 
yellow mannitol fermenting colonies were counted to 
quantitate the total number of Staphylococcus aureus 
in the sample. 

Isolation of Salmonella spp. and Shigella spp. 
A total of 1 ml of homogenized suspension was 

added to 9 ml of lactose broth and incubated for 4 hours 
at 37°C. 0.1 ml of suspension was transferred to 10 
ml of Selenite Cystine broth (Himedia Laboratories 
Ltd., India) and incubated for 4-6 hours at 37°C 
before streaking onto Salmonella Shigella (SS) agar. 
Plates were incubated at 37°C overnight to determine 
the presence of any Shigella and Salmonella like 
colonies. A single representative colony was identified 
by biochemical tests to determine the particular type 
of bacteria.

Isolation of Vibrio spp.
One ml of homogenized sample was added to 9 

ml of Alkaline Peptone Water (APW) and incubated 
at 37°C for 4-6 hours. Enriched APW was streaked 
onto Thiosulfate Citrate Bile salts Sucrose (TCBS) 
agar media. Plates were further incubated at 37°C 
overnight. One representative colony was subcultured 
for biochemical identification of the pathogens.

Table 1. Sample collection sites of green chilli and 
cabbage in Dhaka city
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Biochemical tests for identification of pathogenic 
bacteria

Standard biochemical tests were performed to 
confirm the identification of pathogenic bacteria 
isolated from both types of vegetable samples. KIA, 
MIU, citrate, catalase, oxidase, MR and VP tests were 
done for identification of the pathogens (Cappuccino 
and Sherman, 1996).

Results

This study focuses on the quantitation of bacterial 
load, indicator bacteria and presence of potential 
pathogenic bacteria in green chilli and cabbage 
samples collected from different shops in Dhaka 
city. Total heterotrophic bacterial counts (HPC) were 
determined using Nutrient agar, total coliform count 
was determined on mFC agar and S. aureus counts 
were determined using Mannitol Salt agar. The 
respective counts for different groups of bacteria for 
different study sites are shown in Figures 1 and 2, 
respectively. All bacterial counts were calculated as 

log10cfu/g. The range of total HPC ranged between 
8.30-11.43 and 9.28-11.86 for green chilli and 
cabbage, respectively. 

Total coliform count was determined in both 
green chilli and cabbage samples (Figure 1 and 2). 
The highest count for green chilli was found in site 
1 (8.39) and the lowest count was found in site 2 
(5.30). Total coliform counts for cabbage samples 
ranged between 8.58 and 6.38 in site 6 and 5, 
respectively. Total count of Staphylococcus aureus 
was determined in 10 sites for both green chilli and 
cabbage samples. Site 5 showed the highest count 
(7.91) and site 2 showed the lowest count (4.26) of S. 
aureus. Total count of S. aureus in cabbage samples 
ranged between 5.34 and 7.78 in sites 9 and site 7, 
respectively (Figures 1 and 2).

Selected pathogenic bacteria including 
Salmonella, Shigella and Vibrio species were found 
to be present in some of the samples studied (Table 
2). Samples 1, 4, 7 and 10 of green chilli were not 
found to be contaminated with any of the above 
pathogens. Samples 3 and 8 showed the presence of 

Table 2. Isolation of pathogenic bacteria from green chilli and cabbage

Figure 1. Quantitation of total heterotrophic bacteria, total 
coliforms and Staphylococcus aureus in green chilli

Figure 2. Distribution of total heterotrophic bacteria, total 
coliforms and Staphylococcus aureus in cabbage sample
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all of the above mentioned pathogens. For cabbage 
samples only sample 7 showed the presence of the 
above mentioned pathogens and samples 4 and 8 did 
not show presence of any of the pathogens.

Discussion

Over the past decade outbreaks of human disease 
associated with the consumption of raw fruit and 
vegetables have occurred in developing countries 
and have now become more frequent in developed 
countries (Moy, 2004). In Bangladesh, vegetable 
products are the most common food items. Vegetable 
borne diseases may put the overall public health at a 
serious risk. Freshly consumed vegetables especially 
those used in salad mixtures, have been implicated in 
food poisoning and thus hazardous to the health of 
the consumers. This could be linked to the fact that 
most of these vegetables are consumed without any 
thermal process or even thorough washing (Lund, 
1992; Bowen et al., 2006; Campos et al., 2011). The 
present study portrays the pathogenic load of two 
salad vegetables (green chilli and cabbage) consumed 
in Bangladesh. 

Khan et al. (1992) reported that bacterial 
contamination results from various unsanitary 
cultivation and marketing practices. In another 
study Tambekar and Mundhada (2006) reported 
that bacterial contamination of salad vegetables was 
linked to the fact that they are usually consumed 
without any heat treatment. These vegetables 
can become contaminated with pathogenic 
microorganisms during harvesting, through human 
handling, harvesting equipment, transport containers, 
wild and domestic animals. Pathogens from human 
and animal reservoirs as well as other environmental 
pathogens can be found at the time of consumption. 
Although spoilage bacteria, yeasts and mold dominate 
the microflora on raw fruits and vegetables, the 
occasional presence of pathogenic bacteria, parasites 
and viruses capable of causing human infections has 
also been documented (Hasan et al., 2006).

The presence of E. coli in salad vegetables 
analysed in the present study was indicative of fecal 
contamination. It is a well-known fact that E. coli are 
part of the normal flora of the human intestines. Some 
strains of E. coli have been linked to diarrhoea, gastro-
enteritis and urinary tract infections (Hasan et al., 
2006). E. coli and Klebsiella spp. are well known in 
the environment and can be cultured from soil, water, 
leafy green vegetables and salads (Ibrahim, 1996). 
Khan et al. (1992) also isolated E. coli, Klebsiella 
spp. and Enterobacter spp. from salad vegetables. 
In a study done by Tambekar and Mundhada (2006), 

E. coli was found to be predominant in some salad 
vegetables which included coriander followed by 
carrot, radish, spinach, fenugreek and cucumber. The 
present study showed that E. coli, Salmonella spp., 
S. aureus, Vibrio spp. and Pseudomonas spp. were 
common in chilli and cabbage samples which were 
similar to other findings conducted previously in 
Bangladesh (Rahman and Noor, 2012).

The detection of S. aureus was of serious public 
health importance because of its ability to cause a wide 
range of infections especially food-borne intoxication 
(Tambekar and Mundhada, 2006). Contamination 
with S. aureus has been linked to carriage in nasal 
passages of food handlers or by infected workers. 
The presence of S. aureus and some Gram negative 
rods have been reported to contaminate some salad 
vegetables such as carrots, cucumber, tomato and 
radishes (Beuchat, 1995). The association of S. 
aureus with some of the samples investigated in the 
present study was an alarming finding from a public 
health standpoint. 

Salmonella spp. and Shigella spp. are non-
lactose fermenters usually associated with 
water contamination. Contamination with these 
organisms could arise from washing vegetables 
with contaminated water or handling of vegetables 
by infected workers. Pathogens such as E. coli, 
Salmonella spp., S. aureus and Vibrio spp. were found 
to be present in 40% of the green chilli and cabbage 
samples. This is a serious threat to public health and 
may cause an outbreak of food borne infection and 
spread of diseases. In this study, Salmonella spp. 
were isolated from green chilli and cabbage. Their 
presence in food is of serious concern to food safety 
and major public health concern worldwide (WHO 
2002, 2008). Ibrahim (1996) reported the presence of 
Salmonella spp. from lettuce, cucumber and parsley. 
Salmonella spp. has also been isolated from carrots, 
cucumber and lettuce collected from different 
markets and vendors in Nigeria (Itohan et. al., 2011).

The presence of microorganisms in salad 
vegetables is a direct reflection of the sanitary quality 
of the cultivation water, harvesting, transportation, 
storage, and processing of the produce (Beuchat, 
1995). Other workers also reported isolation of 
similar loads and types of bacterial contamination 
in fruits and vegetables in another study in India 
(Tambekar and Mundhada, 2006). Survival of 
microorganisms is linked to their capacity to obtain 
nutrients from vegetables having intact and bruised 
skin (Odhav, 2007). It was found that in healthy plant 
tissues bacteria can enter through natural apertures 
such as stomata, lenticels, broken trichomes and stem 
scars and may survive (Bartz and Wei, 2003).
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In a separate study the shelf life quality of 
green bell peppers was improved by using edible 
coating formulations.  Three different biopolymers 
(pectin, arabic, and xanthan gums) were evaluated 
in mixtures with candelilla wax as hydrophobic 
phase, jojoba oil as plasticizer and a crude extract of 
polyphenols as source of bioactive compounds. Use 
of mixtures of biopolymers, candelilla wax, jojoba oil 
and polyphenols to develop edible and functionalized 
coatings significantly extended shelf life of green bell 
pepper (Ochoa-Reyes et al., 2013). Similar findings 
were reported on lime fruits coated with coconut 
oil; it may be explained by closure of opening of the 
stomata, reducing transpiration and respiration rate 
and also reducing microbial activity (Bisen et al., 
2008 and 2012).

Overall, this study revealed the presence of a high 
load of microorganisms in the commonly consumed 
vegetable items. The pathogens might be introduced 
from the crop land, organic fertilizers, irrigating water, 
packaging materials, transport vehicles etc. Besides, 
unhygienic personnel handling and processing of the 
vegetables and their storage in such a condition which 
favours microbial growth might also account for such 
spoilage of vegetables. The contaminating pathogens 
are responsible for various types of enteric diseases 
as well as serious intoxications in human health. 
Further study on detection of the virulent genes in 
the isolated pathogenic bacteria would be useful for 
determining the cause of outbreak of diseases. It is 
necessary to create awareness among the producers, 
processors, handlers and consumers of raw vegetables 
in order to reduce the bacterial contamination 
and reduce the risk of illness associated with the 
consumption of salad vegetable items. Improvement 
in the health and hygiene condition of the vegetable 
handlers, appropriate preservation, maintenance 
and processing will be necessary to control any 
outbreak associated with the consumption of raw and 
unprocessed vegetables. 

Conclusion

The high bacterial load and presence of indicator 
organism especially E. coli serve as an indicator 
of contamination of vegetable items from faecal 
sources. It is now important to promote awareness 
on different sources of contamination, transmission 
chain and their link with food borne disease. It is 
necessary to authorize regulatory bodies to monitor 
the microbiological quality and standards established 
and practiced by farmers and sales people for the 
handling and distribution vegetable items.
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