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ABSTRACT

Seafood is a major foreign exchange earner and the microbiological quality of exported fish and shellfish is
crucial for their safety and acceptance in international trade. However, seafood that is sold for local
consumption in India undergoes very limited safety or quality checks. If fish are not harvested, processed
and handled hygienically, they can harbour pathogenic microorganisms that can cause foodborne infections
and intoxications and become a major health concern. The present work was carried out to determine the
total viable bacterial count and to evaluate the presence of bacterial pathogens, such as Escherichia coli,
Salmonella and Vibrio cholerae, on the surface of fish and prawns collected from Neendakara and Thangassery
harbours in Kollam district during the monsoon season. The total viable aerobic plate count in the seafood
ranged from 2.74-3.08 log CFU cm-2. The fish collected from both the harbours as well as the prawns collected
from Thangassery harbour were contaminated with E. coli. The samples of prawns collected from Neendakara
were found to contain V. cholerae, a pathogen that should be absent in 25 g of seafood as per the Food and
Safety Standards Authority of India (FSSAI). Salmonella was not detected in any of the samples. Crushed ice
collected from the nearby ice plants did not show any evidence of the tested pathogens, suggesting that the
seafood contamination may have come from other sources such as contact with surfaces, handlers or polluted
water. Therefore, proper monitoring and control measures need to be implemented by relevant authorities
to ensure the quality and safety of domestic seafood and prevent seafood-associated infections.
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Introduction

Globally, food-borne diseases are not only a signifi-
cant public health problem but also an economic
problem due to the loss of productivity, wages, and
other expenses. Food-borne outbreaks in India have
increased from 37 during 1980-2010 (Sudershan et

al., 2011) to 2688 during 2009-2018 (Bisht et al., 2021).
The states of West Bengal, Karnataka and Gujarat
had the highest average outbreaks during 2009-2018
(Bisht et al., 2021). At the current state of food safety
standards, the number of food-borne diseases in In-
dia will escalate to 150–177 million cases annually
by 2030 (Kristkova et al., 2017).  A 2009-2018 study
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published by the US Centers for Disease Control
and Prevention (CDC) showed that fish was the
most common type of food implicated in outbreaks
involving a single food category (CDC, 2018). Given
the significant increase in fish consumption over the
past 40 years, it is important to ensure that fish is of
good quality and free from contamination for the
sake of food safety. Seafood can be contaminated by
pathogens at any point along the supply chain, from
harvesting to the table. Escherichia coli, Salmonella,
Vibrio, Listeria, Shigella, Staphylococcus and
Clostridium are the most prevalent pathogens impli-
cated in seafood poisoning (Afreen and Ucak, 2021).
The bacterial population present in fish is a reflec-
tion of those in their habitat (Novoslavskij et al.,
2016). Also, the quality of the water and the crushed
ice used for cleaning and chilling the fish affect the
microbial quality of fish. According to FSSAI, 2011,
E. coli is permitted up to 20 CFU g-1 while, Salmonella
and Vibrio cholerae must be absent in 25g of the sea-
food sample. These standards are followed very
strictly for exported food, however, such quality
measures are not ensured in the case of domestically
sold seafood. Therefore, to assess the microbiologi-
cal quality of the local seafood, the total bacterial
count and the presence of pathogens namely Escheri-
chia coli, Salmonella and Vibrio on the surface of the
seafood samples and in crushed ice sourced from
Neendakara and Thangassery harbours in Kollam,
Kerala, India was determined.

Materials and Methods

Collection of seafood samples and ice

The captured fish (Opisthopterus sp.) and prawns
(Fenneropenaeus sp.) were collected separately in
sterile polyethylene bags from both Neendakara and
Thangassery harbours in Kollam. The samples were
collected in the early morning during May-June
2021 and brought in ice to the laboratory and pro-
cessed within 3 hours. Ice was also collected from
the nearby ice plants and processed similarly.

Enumeration of Total viable aerobic count (TVAC)
of Fish, Prawn and Ice

The samples for analysis were taken by aseptically
swabbing 25 cm2 area of the surface of fish or shell-
on prawns with separate swabs premoistened with
0.1% buffered peptone water (pH 7.0). The swabs
were then put back in 100 ml of the peptone water

diluent to obtain a 10-2 dilution. 1 ml of the 10-2

diluent was transferred to duplicate Petri dishes and
about 18 ml of molten plate count agar (PCA) was
poured into it, mixed and allowed to solidify. The
plates were incubated in an inverted position at
36±1°C for 48 hrs. 1 ml of the ice sample was serially
diluted in buffered peptone water up to 10-2 and
plated 1 ml of the original sample and the different
dilutions in duplicate plates, poured 18 ml of molten
plate count agar (PCA), mixed and allowed to so-
lidify. After incubation in an inverted position at
36±1°C for 24-48 hrs, the plates having colonies in
the range of 25-250 were used for counting. Total vi-
able aerobic count per cm2 was determined by mul-
tiplying the average number of colonies for each di-
lution by the corresponding dilution factor and ex-
pressed as log colony forming units (CFU) per cm2 of
the seafood samples or log CFU per ml for the ice
samples.

Detection of Escherichia coli, Salmonella and Vibrio

Standard methods for the detection of E. coli, Salmo-
nella and Vibrio cholerae [ IS 5887-1: 1995, IS 15187:
2002 IS15188: 2002 and IS 5887-5 (1976), reaffirmed
2005] were employed. Briefly, 25 g of the seafood
sample or ice was homogenised with 225ml of 0.1%
buffered peptone water (pH 7.0) to get 10-1 dilution.
For the growth of E. coli, 10-1 dilutions were inocu-
lated into MacConkey broth with Durham’s tubes
and observed for growth and gas formation. Tubes
showing gas formation were streaked on Tergitol-7
agar, MacConkey agar and EMB agar and incubated
at 36±1°C for 24-48 hrs. The colonies showing the
characteristic presence of E. coli were then trans-
ferred into suitable media for IMViC tests for confir-
mation. For Salmonella, 25g of the samples were
shaken with 250 ml of buffered peptone water (pre-
enrichment), filtered and the membrane filter incu-
bated in buffered peptone water overnight for pre-
enrichment. To enhance the likelihood of obtaining
all Salmonella strains, a secondary pre-enrichment
was done in which the pre-enrichment culture was
inoculated into Kauffman tetrathionate novobiocin
broth (MKTNB) and Rappaport-Vassiliadis soya
peptone broth (RVS) and both incubated at 36±1°C
for 18-24 hours. Loopfuls from each of MKTNB and
RVS were streaked separately onto brilliant green
agar (BGA) and xylose lysine deoxycholate agar
(XLD) and incubated at 36±1°C for 20-24 hours. For
confirmation of Salmonella, Kligler Iron agar, Urease
test and polyvalent serum were used. Enrichment
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for Vibrio was done by transferring 25g of the
sample to 225 ml of alkaline peptone water and in-
cubated without shaking at 36±1°C. After 18 hours
without shaking, a loopful of inoculum was taken
from the surface pellicle and streaked onto TCBS
agar and Bile salt agar and incubated at 36±1°C for
18-24 hrs. Further, polyvalent cholera typing serum,
Triple Sugar Iron agar test, Catalase test, growth in
Tryptone water and Gram staining were done.

Results

As shown in Table 1, the total viable aerobic counts
of bacteria on the fish skin and prawn surface from
the Neendakara and Thangassery harbours ranged
from 2.74-3.08 log CFU cm-2. The ice collected from
ice plants near the harbours had an average TVAC
of 1.1 log CFU g-1 which was within the limit of < 1.3
log CFU ml-1 specified by ICMSF (1986).

Fish sourced from Thangassery and Neendakara
harbours were E. coli positive and isolates gave the
characteristic smooth, non- mucoid yellow colonies
surrounded by yellow zone on T7 agar, pink
coloured colonies in MacConkey agar and blue-
black colonies with greenish metallic sheen in Eosin
Methylene Blue (EMB) agar respectively in the pre-
liminary tests. The bacterial isolates suspected to be
E. coli on the different media were subjected to bio-
chemical tests for confirmation. The samples were
Indole positive, MR and gas production positive, VP
negative and Citrate negative, indicating the pres-
ence of E. coli. E. coli isolates were urease and H2S
production negative during their biochemical test.

Prawn samples obtained from Neendakara
harbour showed the presence of smooth yellow flat-
tened colonies with opaque centre and translucent
peripheries on Thiosulphate citrate Bile salts sucrose
agar (TCBS) medium which is selective for cholera
Vibrio. The suspected Vibrio colonies which tested
positive for the preliminary slide agglutination test
were subjected to Triple Sugar Iron Agar (TSI), oxi-
dase and catalase biochemical tests. In TSI, no H2S
was produced as indicated by the absence of a black
precipitate. The catalase test gave a positive reac-
tion. Together, these results indicated the presence
of V. cholerae in the prawn samples from
Neendakara. However, E. coli and Salmonella spp
were not detected in these samples.

The prawn samples from Thangassery harbour
on the other hand, showed smooth, pink and lactose
fermenting colonies on MacConkey agar, blue black
colonies with greenish metallic sheen on EMB agar
and smooth, non- mucoid yellow colonies with rust
brown centre on T7 agar. The biochemical analyses
of these colonies showed + + - - result for the Indole-
Methyl Red-Voges-Proskaeur-Citrate, (IMViC) Test
respectively. From the results obtained, it is clear
that the prawn sample from Thangassery landing
site was contaminated with E. coli suggesting the
occurrence of faecal contamination. However, these
prawn samples tested negative for Salmonella spp.
and Vibrio spp.

No typical colonies of E. coli, V. cholerae or Salmo-
nella were observed from ice on any of the selective
media indicating that the ice samples were free from
these pathogenic bacteria. The results of these analy-

Table 1. Total viable aerobic count (TVAC) on live fish skin, prawn surface and crushed ice sourced from Neendakara
and Thangassery harbours in Kollam, Kerala, India. Results are expressed as mean ± standard deviation.

Neendakara Harbour Thangassery harbour

Fish skin (log CFU cm-2) 2.87 ± 1.5 2.74 ± 1.1
Prawn surface (log CFU cm-2) 3.08 ± 2.0 2.97 ± 1.9
Crushed ice (log CFU ml-1) 0.85 ± 0.5 1.24 ± 0.8

Table 2. Detection of Escherichia coli, Salmonella spp., and Vibrio cholerae contaminationin fish, prawn and crushed ice
samples collected from Neendakara and Thangassery harbours in Kollam, Kerala, India.

Source Sample Escherichia coli Salmonellaspp Vibrio cholerae

Neendakara Harbour Fish + - -
Prawn - - +
Crushed ice - - -

Thangassery Harbour Fish + - -
Prawn + - -
Crushed ice - - -
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ses are summarized in Table 2.

Discussion

The safety of fish and fish products is significantly
influenced by microorganisms. The bacterial count
on the surface of fish and prawns can vary depend-
ing on a number of factors, including the type of fish
or prawn, the habitat in which it lives and its health
status. In this study, we observed an average total
aerobic count of about 2.8 and 3.0 log CFU cm-2 on
the surface of the fish and prawns respectively, col-
lected from the two Kollam harbours. The prawn
samples were found to have a higher bacterial load
compared to the fish, which is expected as they are
bottom dwelling organisms and are contaminated
with mud that is often trawled up with them
(Adams and Moss, 2000). Lakshmi et al., 2021 ob-
served bacterial counts in the range of 3.84- 4.88 log
CFU g-1 in the skin of Mugil fish collected from dif-
ferent sites in Ashtamudi Lake in Kollam. In this
study, the investigated samples from the Arabian
Sea had a comparatively higher bacterial load possi-
bly because of the difference in the source and type
of fish and the sampling methods employed. A
study of the bacterial count on the skin surface of
Etroplus suratensis collected from upstream and
downstream regions of the Mogral river in
Kasargod, Kerala was 4.41 and 4.92 log CFU g-1 re-
spectively (Megha and Harikumar, 2016). Jahan et al
(2019) showed that the bacterial count on the surface
of the fish, which varied with the species and the
source, ranged from 3.5 to 5.17 log CFU g-1.

In several microbial analyses of fish conducted in
different parts of India, high bacterial counts and
pathogens such as E. coli, Vibrio sp., Salmonella,
Enterobacter sp., Shigella etc were recorded on the
skin, gills and other parts of the fish body (Sujatha et
al., 2011; Velappan and Munuswamy, 2016; Dutta et
al., 2015). The quality of seafoods depends not only
on the quality of the waters from where the fish are
captured but also on the cleanliness of the contact
surfaces, the fish handlers, the landing centres and
the ice which is used for storage. According to Pal et
al, 2016, crushed ice was usually a major source of
contamination of seafoods. In this study, the bacte-
rial load in the crushed ice sourced from the nearby
ice plants was very low (<10 CFU g-1) and none of
the tested pathogens were detected. This may be
due to the improved facilities and good hygienic
practices of the ice plant authorities. However, the

crushed ice, could become a source of contamination
after repeated reuse and coming in contact with dif-
ferent seafoods, surfaces and handlers.

In this study, E. coli was detected in the fish
samples collected from both the harbours and in the
prawn sample from the Thangassery harbour. E. coli
contamination of seafood is quite common in several
parts of India (Anthony et al., 2002; Thampuran et
al., 2005; Sehgal et al., 2008;  Jeyasanta et al., 2012,
Singh et al., 2016; Dutta and Sengupta, 2016; Singh et
al., 2017; Prakasan et al., 2018; Singh et al., 2020). In
the present study, the E. coli contamination could
have occurred during postharvest handling rather
than from the fishing waters as E. coli was undetec-
ted in one of the prawn samples. Although we did
not test the antibiotic resistance patterns of the E. coli
isolates, the occurrence of multidrug resistant E. coli
as well as pathogenic E. coli O157 isolated from sea-
food in India (Sehgal et al., 2008; Singh et al., 2016,
Singh et al., 2020) is particularly concerning as they
can endanger the health of consumers.

According to FSSAI, 2011, pathogens such as Sal-
monella and Vibrio cholerae must be absent in 25g of
fresh or frozen seafood samples. Although we did
not detect any Salmonella in any of the seafood
samples, Vibrio cholerae was present in the prawn
samples from Neendakara harbour. V. cholerae is
known to be abundant in aquatic habitats and its
presence in seafood is inevitable (Raymond and
Ramachandran, 2019). Several studies in India have
reported the occurrence of V. cholerae in wild caught
and farmed seafood (Saravanan et al., 2007;
Kakatkaret al., 2010; Sujatha et al., 2011; Kumar and
Lalitha, 2013; Madhusudana and Surendran, 2013:
Sudha et al., 2014; Joseph et al., 2015; Dutta et al.,
2015).

Conclusion

Since seafood is cooked properly in Indian house-
holds, the chances of foodborne infections due to
consumption of contaminated seafood are low.
However, cross contamination of other foods or sur-
faces due to the use of the same cutting and process-
ing utensils can present a health risk resulting in
abdominal cramps, diarrhoea, nausea, vomiting, etc.
Hence, to reduce the risk of foodborne infections
from fish and other seafood, it is important to follow
safe food handling and preparation practices. In
addition, regular testing of locally sold seafood
samples and ensuring clean and hygienic conditions
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during harvesting, landing, transportation and pro-
cessing of seafood is essential to prevent any future
outbreaks.

Acknowledgement

The authors are grateful to the Department of Zool-
ogy, Fatima Mata National College and Cashew
Export Promotion Council of India (CEPCI) Labora-
tory and Research Institute, Kollam for providing
facilities and technical support respectively.

Conflict of interest

None.

References

Adams, M.R. and Moss, M.O. 2000. Microbiology of pri-
mary food commodities, p. 137-176. In: Food Micro-
biology. 2nd ed. Royal Society of Chemistry, United
Kingdom.

Afreen, M. and BAÐDATLI, Ý., 2021. Food-borne patho-
gens in seafood. Eurasian Journal of Agricultural Re-
search. 5(1): 44-58.

Anthony, M.M., Jeyasekaran, G., Jeyashakila, R.,
Shanmugam, S.A. 2002. Microbiological quality of
raw shrimps processed in seafood processing plants
of Tuticorin, Tamil Nadu, India. Asian Fisheries Sci-
ence. 15: 33.

Bisht, A., Kamble, M.P., Choudhary, P., Chaturvedi, K.,
Kohli, G., Juneja, V.K., Sehgal, S. and Taneja, N.K.,
2021. A surveillance of food borne disease outbreaks
in India: 2009–2018. Food Control. 121 : 107630.

Centers for Disease Control and Prevention (CDC). 2018.
National Outbreak Reporting System (NORS). Re-
trieved from https://wwwn.cdc.gov/
norsdashboard/

Food safety and standards (contaminants, toxins and resi-
dues) regulations, 2011. Food Safety and Standards
Authority of India, Ministry of Health and Family
welfare, Govt. of India. Notification dated the 1st
August, 2011. http://www.fssai.gov.in/

ICMSF (International Commission on Microbiological
Specifications for Foods). (1986). Microorganisms in
foods 2. Sampling for microbiological analysis; principles
and specific applications (2nd ed.). Toronto: University
of Toronto Press.

Jahan, S., Jewel, M.A.S., Haque, M.A., Hasan, J., Mita,
M.M., Aktar, A. and Al-Amin, M. 2019. Current sta-
tus of bacterial contamination in some fish species
of Bakkhali river Estuary, Bangladesh. Archives of
Agriculture and Environmental Science. 4 (1): 96-100.

Jeyasanta, K. I., Aiyamperumal, V. and Patterson, J. 2012.
Prevalence of antibiotic resistant Escherichia coli in

seafood of Tuticorin coast, South-eastern India.
Advances in Biological Research. 6(2): 70-77.

Joseph, T.C., Murugadas, V., Reghunathan, D., Shaheer,
P., Akhilnath, P.G. and Lalitha, K.V. 2015. Isolation
and characterization of Vibrio cholerae O139 associ-
ated with mass mortality in Penaeus monodon and
experimental challenge in post-larvae of three spe-
cies of shrimp. Aquaculture. 442 : 44-47.

Kakatkar, A.S., Gautam, R.K., Nagar, V., Karani, M. and
Bandekar, J.R. 2010. Incidence of food-borne patho-
gens in freshwater fish from domestic markets of
Mumbai. Fishery Technology. 47(2) : 195-200.

Lakshmi, J., Nandakumar, S. and Kumar, M.S. 2021. Bac-
terial pollution indicators associated in the tissues of
an estuarine fish Mugil cephalus from Ashtamudi
lake, a Ramsar site of Kerala, India. Sustainability,
Agri, Food and Environmental Research. 9(4).

Madhusudana, R.B. and Surendran, P.K. 2013. Detection
of ctx gene positive non-O1/non-O139 V. cholerae in
shrimp aquaculture environments. J Food Sci
Technol. 50: 496–504 (2013). https://doi.org/
10.1007/s13197-011-0374-4.

Megha, P. U. and Harikumar, P. S. 2016. Isolation and
identification of pathogenic bacteria in edible fish:
A case study of Mogral river, Kasargod, Kerala, In-
dia. Elixir Bio Sciences. 100: 43672-43677.

Novoslavskij, A., Terentjeva, M. and Eizenberga, I. 2016.
Major foodborne pathogens in fish and fish prod-
ucts: a review. Ann Microbiol. 66 : 1–15. https://
doi.org/10.1007/s13213-015-1102-5.

Pal, M., Ketema, A., Anberber, M., Mulu, S. and Dutta, Y.
2016. Microbial quality of fish and fish products.
Beverage & Food World. 43(2) : 46-49.

Prakasan, S., Prabhakar, P., Lekshmi, M., Kumar, S. and
Nayak, B.B. 2018. Isolation of Shiga toxin-producing
Escherichia coli harboring variant Shiga toxin genes
from seafood. Vet. World. 11 : 379–385. doi:
10.14202/vetworld.2018.379-385

Raymond, A. and Ramachandran, A. 2019. Bacterial
pathogens in seafood-Indian scenario. Fishery Tech-
nology. 56 : 1–22.

Sanath Kumar, H., Otta, S.K., Karunasagar, I.,
Karunasagar, I. 2001. Detection of Shiga-toxigenic
Escherichia coli (STEC) in fresh seafood and meat
marketed in Mangalore, India by PCR. Lett. Appl.
Microbiol. 33 : 334–338. doi: 10.1046/j.1472-
765X.2001.01007.x

Saravanan, V., H. Sanath Kumar, IndraniKarunasagar,
Iddya Karunasagar, 2007. Putative virulence genes
of Vibrio cholerae from seafoods and the coastal en-
vironment of Southwest India. International Journal
of Food Microbiology. 119 (3): 329-333.

Sehgal, R., Kumar, Y. and Kumar, S. 2008. Prevalence and
geographical distribution of Escherichia coli O157 in
India: A 10-year survey. Trans. R. Soc. Trop. Med.
Hyg. 102 : 380–383. doi: 10.1016/j.trstmh.2008.01.015



S116 Eco. Env. & Cons. 29 (Special Issue on Int. Conf. on Impact of Clim. Change on Aq. Life, 23-25, Nov., Kollam, Kerala): 2023

Singh, A.S., Lekshmi, M., Nayak, B.B. and Kumar, S.H.
2016. Isolation of Escherichia coli harboring blaNDM-5

from fresh fish in India. J. Microbiol. Immunol. Infect.
49 : 822–823. doi: 10.1016/j.jmii.2014.11.004.

Singh, A.S., Nayak, B.B. and Kumar, S.H. 2020. High
Prevalence of Multiple Antibiotic-Resistant, Ex-
tended-Spectrum -lactamase (ESBL)-
Producing Escherichia coli in Fresh Seafood Sold in
Retail Markets of Mumbai, India. Vet Sci. 16; 7(2) :
46. doi: 10.3390/vetsci7020046. PMID: 32316123;
PMCID: PMC7356741.

Kristkova, Z.S., Grace, D. and Kuiper, M. 2017. The econom-
ics of food safety in India: a rapid assessment.
Wageningen University & Research.

Sudha, S., Mridula, C., Silvester, R. and Hatha A. A. 2014.
Prevalence and antibiotic resistance of pathogenic
vibrios in shellfishes from Cochin market. Indian J.
Geo. Mar. Sci. 43 : 815–824.

Sujatha, K., Senthilkumar, P., Sangeeta, S.,
Gopalakrishnan, M.D. 2011. Isolation of human
pathogenic bacteria in two edible fishes,
Priacanthushamrur  and Megalaspiscordyla  at
Royapuram waters of Chennai, India. Indian J. Sci.
Technol. 4(5): 539541.

Thampuran, N., Surendraraj, A. and Surendran, P.K. 2005.
Prevalence and characterization of typical and
atypical Escherichia coli from fish sold at retail in
Cochin, India. Journal of Food Protection. 68: 2208-
2211.


