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Food-borne diseases are associated with
fish and fishery products. Biotoxins, hista-
mines and viruses cause large proportion of
these outbreaks. Fishery products are also
recognized as carrier of food-borne bacterial
pathogens like Salmonella spp., Vibrio spp., E.
coli, S. aureus, and Listeria spp. (Venugopal
et al., 1999, 2002). The pathogenic organisms
are present on the fish itself or in the aquatic
environment around the fish; however, the
presence of pathogenic bacteria in and
around fish is low (Huss, 1997). Studies on
seafood meant for export from India have
shown that a large percentage of these
products are contaminated with Salmonella
(Varma et al., 1985; Kamat et al., 2003; Kumar
et al., 2003; Bandekar et al., 2004).

Aquaculture is one of the fastest
growing industry in the world. The annual
fresh water fish production in India consti-
tutes 93.1% of the total 2.83 million metric
tonnes of the aquaculture resources and is
mainly consumed in the domestic sector
(Bhat, 2008). Salmonella spp. and Listeria spp.
have been reported in aquacultured fish
(Nedoluha & Westhoff, 1997, Kamat et al.,
2003; Bandekar et al., 2004; Saroj et al., 2008a).
Although, there are some reports on the
bacteriological quality and incidences of
various pathogens in fresh water fish and
cultured shrimp (Ahmed, 1995; Bhaskar,
1998; Sapana, 2001), detailed study on

microbiological quality of different species
are lacking. The objective of this study was
to generate information on the microbiologi-
cal quality and incidence of bacteria of
public health significance in six species of
freshwater fish marketed in Mumbai during
the period from May 2007-March 2008. The
pathogens covered in this study were
Salmonella spp., Vibrio spp, coagulase positive
S. aureus, Y. enterocolitica and L. monocytogenes.

Forty two samples of six different
species of freshwater fish, Butter catfish
(Ompok bimaculatus), Tengan (Aristichithys
nobilis), Hilsa (Tenulosa ilisha), Mangur (Clarias
batrachus), Catla (Catla catla) and Rohu (Labeo
rohita) were procured from local fish market,
brought to the laboratory in ice under sterile
conditions and microbiological analysis was
done within one hour.

Microbiological media used in this
study were from HiMedia Laboratories,
Mumbai, India. Rabbit plasma was from
Becton Dickinson (Sparks, Md. USA). The
chemicals required for PCR amplification
were from Banglore Genei, India. The
primers used in this study were procured
from BRIT, Mumbai, India.

Microbiological analysis was performed
as per standard methods adopted from
online Bacteriological Analytical Manual, U.S.
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Food and Drug Administration, for the
detection, enumeration, and identification of
individual organisms (BAM, 2006). Salmo-
nella serovar Typhimurium MTCC 98 (Micro-
bial Type Culture Collection, Chandigarh,
India), Listeria monocytogenes NCAIM-B-01442
(an avirulent strain, supplied by Dr. Cs.
Mohacsi-Farkas, Szent Istvan University,
Budapest, Hungary), Escherichia coli ATCC
35218, coagulase positive S. aureus isolated
from poultry and Y. enterocolitica MTCC 859
were used as standards for biochemical tests.

Aerobic plate count (APC) was per-
formed by homogenizing 25 g sample in 225
ml of sterile physiological saline. After
appropriate serial dilutions, the samples
were pour-plated on plate count agar. The
colonies were counted after 48 h of incuba-
tion at room temperature (30°C).

For detection of coliforms, appropriate
dilutions from saline were pour plated on
violet red bile agar (VRBA), and after the
medium was solidified, it was overlaid with
VRBA. Typical dark red colonies were
counted after 24 h of incubation at 37°C and
the isolates were subjected to indole, methyl
red, Voges-Proskauer and citrate tests (IMViC
test) to confirm E. coli. The spread plate
technique was wused to determine the
Staphylococci counts on Baird-Parker agar
(BPA). Dilutions made for APC were plated
on BPA. After 24 to 48 h incubation at 37°C,
the characteristic black colonies with a
peripheral clearance zone were selected.
Coagulase activity was confirmed by check-
ing the clot formation in brain heart infusion
broth with 2% rabbit plasma. For the
isolation of Salmonella, Vibrio, Listeria and
Yersinia, 25 g of samples were pre-enriched
in 225 ml of the respective pre-enrichment
broth, followed by selective enrichment if
required and then streaked on selective agar
plates as per BAM (2006). The selective agars
used for various organisms were bismuth
sulfite agar, xylose lysine deoxycholate agar,

and Hektoen enteric agar for Salmonella,
thiosulphate citrate bile sucrose agar for
Vibrio, Listeria identification agar for Listeria,
MacConkey agar for Yersinia. All the plates
were incubated at 37° C for 24 h except for
MacConkey’s agar plates which were incu-
bated for 18 to 24 h at 30°C. Typical colonies
from respective selective media were picked
and identified by biochemical tests. Isolates
for Salmonella confirmed by biochemical tests
were checked for the presence of invA gene
by PCR method (Shashidhar et al., 2005).
These isolates were serotyped at National
Salmonella and Escherichia Centre, Kasauli,
India. Species level identification of pre-
sumptive positive Vibrio isolates was carried
out as per BAM (2006). Isolates confirmed
biochemically as V. cholerae were checked for
the presence of ctx gene as described by
online BAM (2006).

The APC of all the samples was in the
range of 107 to 10® cfu/g. The coliform count
and Staphylococcus count for all the samples
were in the range of 10° to 10° cfu/g (Fig. 1).
The fresh water fish sold in the local market
in Mumbai are brought from Andhra
Pradesh and Kolkota in iced condition with
a transportation time of one to two days. The
high APC as well as coliform and Staphylo-
coccus count in the fish samples may be due
to temperature abuse during transportation
and/or handling and processing.

Nineteen percentage of samples were
found to be positive for Salmonella by
biochemical tests. All the Salmonella isolates
were positive for invA gene by PCR. The
invA gene has been shown to be specific for
Salmonella and it has been used for the rapid
detection of Salmonella (Chiu & Ou, 1996). All
the fish species studied, except Tengan, were
contaminated with Salmonella indicating
wide prevalence of this pathogen. The
Salmonella isolates were serotyped as S.
Weltevreden, S. Oslo, S. Typhimurum and S.
Derby. S. Oslo was present in all the fish
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Fig 1. Microbial load in different varieties of fish

samples that were found positive for Salmo-
nella. S. Weltevreden was detected in Butter
catfish and Mangur while S. Typhimurium
was detected in Catla and Rohu. S. Derby
was detected only in Catla sample (Table 1).
Presence of Salmonella in seafoods has been
reported from India, Thailand, Japan, Viet-
nam, Sri Lanka and US (Heinitz et al., 2000).
In India, Salmonella has been reported in fish,
squid, crustaceans, cuttle fish and scampi
(Hatha & Lakshmanaperumalsamy, 1997;
Kamat et al., 2003; Bandekar et al., 2004; Saroj
et al., 2008a). Presence of S. Typhimurium
and S. Weltevreden has also been reported
from fish and crustaceans (Shabrinath et al.,
2007). Bandekar et al. (2004) reported prese-
nce of S. Worthington and S. Typhimurium

Table 1. Incidence of pathogens in fish
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in scampi. S. Typhimurium was the most
common serovar in seafoods reported world
wide including India (Saroj et al., 2008b).
Recently, S. Weltevreden has been reported
to be the most frequent serovar in imported
seafood samples as analyzed by USFDA
(Heinitz et al., 2000). Ponce et al. (2008)
reported S. Weltevreden as the most com-
mon serovar from seafood samples in South
East Asia. It is also common in aquacultured
shrimp farms. The sources of contamination
are contaminated feeds, animal faeces and
manure added to the shrimp farms (Bhaskar
et al, 1998). S. Oslo was reported from
seafoods in India for the first time by Singh
et al. (1997). S. Derby has been isolated from
slaughter pigs and other food and also from
cases of human salmonellosis (Michael ef al.,
2006).

Escherichia coli was present in 14.2% of
Catla and Mangur, 28.5% of Tengan and
42.8% of Hilsa samples. Butter catfish and
Rohu were found to be free from E. coli. The
presence of E. coli indicates faecal contami-
nation, as E. coli constitute the normal flora
of human and animal intestine. The presence
of coagulase positive S. aureus was from
14.2% of Tengan and 28.5% of Hilsa samples.
14.2% of Butter catfish and Tengan were

No. of positive samples / Total samples

Name of Salmonella* spp. Vibrio** spp. Listeria spp. Coagulase positive Yersinia
fish Staphylococcus enterocolitica
aureus

Butter catfish 1/7 1/7 0/7 0/7 0/7
Catla 2/7 0/7 0/7 0/7 0/7
Rohu 2/7 0/7 0/7 0/7 0/7
Mangur 2/7 0/7 0/7 0/7 0/7
Tengan 0/7 1/7 0/7 1/7 0/7
Hilsa 1/7 0/7 0/7 2/7 0/7

*Salmonella serotypes S. Typhimurium, S. Weltevreden, S. Oslo and S. Derby were detected

**V. cholerae and V. mimicus were detected
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Fig. 2. Agarose gel electrophoresis of different Salmo-
nella isolates showing invA gene. lane 1, 2, 3
represent S. Weltevereden, 4 S. Derby, 5 & 6 S.
Oslo, 7 S. Typhimurium, 8 Negative control, 9 S.
Typhimurium MTCC 98 and 10 Marker pBR 322

positive for Vibrio spp. Butter catfish sample
was positive for V. cholerae, while Tengan fish
was positive for V. mimicus. However, ctx
gene was absent in V. cholerae isolate
indicating that the isolate was non-toxigenic.
Huss (1997) also reported presence of non-
toxigenic non-O1 V. cholerae in shrimps
exported to Denmark. V. cholerae has been
reported in seafoods and coastal environ-
ments of southwest India (Saravanan et al.,
2007). V. mimicus is also the normal flora of
aquatic environment (Bhaskar et al., 1998).
Listeria spp. was not present in any of the
samples. Previous studies from southern
India and western India have also reported
absence of L. monocytogenes in fish (Kamat
& Nair, 1994; Antony et al., 2002; Kamat et
al., 2003; Bandekar et al., 2004; Das et al.,
2008;). It is observed that prevalence of L.
monocytogenes in temperate regions (4-12%)
is more compared to tropical regions (0-2%)
(Davies et al., 2001). Out of 167 presumptive
positive Yersinia isolates, 6 showed typical
biochemical characteristics. However, none
of them were Y. enterocolitica based on
biochemical tests. Khare et al. (1996)
reported presence of Yersinia spp. in fish.

The present study indicates that the
freshwater fish sold in Mumbai are of poor
quality. Presence of coagulase positive
S. aureus indicates unhygienic handling.

Recovery of Salmonella and high coliform
count warrant for strict adherence to Good
Hygienic Practices in retail markets.
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