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The present study conducted during  October, 2019 to January, 2020 was aimed to assess the microbial quality of selected 
fish species viz., Labeo rohita, Lates calcarifer and Johnius belangeri and check the sanitary condition of two selected fish 

markets i.e., Baghajatin wholesale fish market and Garia retail fish market in Kolkata, India. The results of TPC of fish muscle 
never crossed the limit of 4.70 log cfu g-1 as specified by ICMSF. Total plate count (TPC) of fish muscle were well within the 
limit of acceptability suggesting to be fit for consumption. The Total plate count value of water, ice, and swab samples were 
found higher in the month of October and lower in the month of January. The high values of TPC were recorded in water, 
ice and swab samples suggesting poor sanitation, improper handling and use of contaminated water in ice production. All the 
three species collected from two different selected fish markets were detected to contain the pathogenic microorganisms like 
Salmonella sp., Clostridium sp., Listeria sp. and Staphylococcus aureus. The results also indicated the presence of faecal coliform in 
water, ice and swab samples. It is recommended that potable water must be used for manufacturing of ice and handling should 
be done under good hygiene and sanitary conditions.
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1.   INTRODUCTION

Fisheries sector makes a fundamental commitment to 
improve the healthy livelihoods of human through 

food and nourishment security, as well as providing basic 
nutrition to millions of people throughout the world. 
Considering the high nutritional value, fish are the 
significant carrier of pathogenic microorganisms (Prasad 
and Murugadas, 2019). Fish can be corrupted by aquatic 
environment and post harvesting condition (Ikbal et al., 
2023, Cochrane, 2021). Food security is a comprehensive 
description of dealing with, preparation, processing, 
transportation, and capacity conditions that prevent food-
borne infections and provide the good quality products 
to the consumers (Ikbal et al., 2020, Carthy et al., 2018, 
Cheng et al., 2013). Fish quality may be deteriorated by 
the aerobic spore forming bacteria which causes physical, 
chemical, and microbiological spoilage (Jalal et al., 2017). 
Microbial nature of fish relies upon the nature of water, ice 
and furthermore the transportation system through which 
they are shipped off the market. After catching, the fish 
shifts a few hands beginning from the fishers through the 
middle man mainly fish sellers, then wholesalers and at last 
to the retailers (Pal, 2010). Intrinsic characteristics such 
as fragile muscle tissue, activity of endogenous protease, 
inappropriate handling methods and storage conditions 
can be prone to physical, chemical and microbial changes 
in fish which affects its freshness quality (Singh et al., 2019, 
Cheng et al., 2015). Everybody should guarantee that food 
is protected and appropriate for human utilization (Kapute 
et al., 2012). Raw fish usually contains a variety of bacteria, 
which can be harmful and cause foodborne infections 
quickly if left at room temperature for an extended period 
of time without keeping in low temperature (Nowshad 
et al., 2021, Jaaskelainen et al., 2019, Sharif et al., 2018). 
Microbial population which is essentially present in 
the external surfaces (skin and gills) is mainly liable for 
the deterioration of freshly caught fishes. Pathogenic 
microbes particularly Salmonella spp. and Vibrio spp. are 
the essential worry of food security concerning fish (Beyari 
et al., 2021, Helmi et al., 2020, Pal, 2012). At the point 
when fish is handled with uncontaminated water and 
cooked appropriately, it brings down the chances of food 
contamination. Appropriate temperature is a useful factor 
that can inhibit microbial development and foodborne 
illness (Nur et al., 2020). Particular kind of microscopic 
organisms are liable for the deterioration of fish muscles 
after death (Begum et al., 2010). It mainly relies upon 
the different type of fishes and its chemical composition, 
feeding habit, and the region where the fish is harvested 
and also the type of fishing gear used during the time of 
catching (Francoise, 2010). Other major external sources 

of microbial contamination are ice, water and fish container 
which is known to carry heavy bacterial loads (Sanjee 
and Karim, 2016). Quality and sanitation propaganda 
mainly depend on the cleanliness of fish market, quality of 
water used and the handling practices during the time of 
transportation of fish. Monitoring the microbial quality of 
fish is an integral part of enhancing food safety (Onjong 
et al., 2018). The aim of the fish processing industry is 
to provide safe, wholesome and acceptable product to the 
consumer (Pal and Mahendra, 2015). Microbiological 
quality evaluation means to assess the hygienic conditions 
of fishes and the chance of presence of pathogenic 
microorganisms in fish (Gutema and Hailemichael, 2021, 
Rasul et al., 2020, Shahriar et al., 2019, Hussain et al., 
2018). Utilization of these contaminated fishes might make 
disease or intoxication to the purchasers. The study targets 
evaluating month to month profile of microbiological 
quality of selected fish species collected from Baghajatin 
wholesale and Garia retail fish market and also evaluate 
the sanitary condition of selected fish markets.

2.   MATERIALS AND METHODS

2.1.  Sampling and experimental fish

Fish samples were collected in the early morning hours 
at monthly intervals during October, 2019 to January, 
2020 from both the Baghajatin wholesale fish market 
(22°29’00.2”N; 88°22’30.7”E) and Garia retail fish market 
(22°28’57”N; 88°23’06”E) of peri-urban Kolkata, West 
Bengal, India. The experimental fish included Rohu 
(Labeo rohita), Asian seabass (Lates calcarifer) and Croaker 
(Johnius belangeri) of size 250–350 g, originating from 
unknown culture systems, were randomly selected from 
the mentioned fish markets.  Water and ice used in fish 
markets were also sampled into sterile conical flasks and 
transported to the laboratory within 2 hours. Fish contact 
surfaces like the platforms where the fishes were kept and 
the crates were swabbed (25 cm2 area is swabbed using a 
square 5×5 cm2) thoroughly with sterile cotton swabs and 
transported to laboratory within 2 hours. Fish, Water, 
Ice and Swab samples were placed in the insulated box 
to avoid further contamination. Proper sealing help to 
prevent the chance of contamination. Sample box was 
carefully carried up to laboratory of Fish Processing 
Technology, Faculty of Fishery Sciences within two hours 
of collection. Assessment of microbiological quality of fish 
samples was done at a monthly span all through the time 
of October 2019 to January 2020 with a sample size of 
10 fishes each month. In the present study, the microbial 
quality of fish samples including Total plate count and 
detection of pathogenic microorganisms and the sanitary 
condition of selected fish markets including the total plate 
count and faecal coliform count of Water, Ice, and Swab 
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samples were measured.

2.2.  Total plate count 

TPC of muscle was done by following the standard method 
given by Anonymous, 2001, with some modifications. In 
brief, 10 g of fish sample was taken and it was homogenized 
with 90 ml of physiological saline. Serial decimal dilutions 
of 10-2, 10-3 10-4, etc were prepared using 9 ml of 0.85% 
physiological saline. 0.1 ml of inoculum from each of the 
dilutions were spread plated onto Nutrient agar (NA) 
plates using a sterile glass spreader. The Petri plates were 
incubated at 37°C for 24 hours.

2.3.  Faecal coliform (MPN method) 

The three tubes MPN (Most Probable Number) of 
indicator bacteria were analysed following standard 
procedures and the results were expressed as MPN ml-1 
(Anonymous, 2001). 

2.4.  Pathogen detection 

HiFastTM food pathogen detection kit was used in this 
study for the detection of Salmonella, Listeria, S. aureus, 
and Clostridium spp. Enrich fish samples in stomacher 
bags on adding the medium. For this, suspend sterile 
enrichment medium bud in distilled water. Shake and 
mix evenly dissolve the bud completely. Add sample 
dilutions to be enriched and incubate the prepared 
suspensions in stomacher bags at 35–37°C for 4–6 hours. 
Inoculate enriched sample into testing medium. Incubate 
at 35–37°C for 4–8 up to 12 hours. Interpret for colour 
change, blackening of medium, clot formation, and stormy 
fermentations in respective media.

2.5.  Statistical analyses

All the data were checked for normal distribution with 
normality plots prior to analysis of variance (ANOVA) to 
determine significant differences among means at α=0.05 
level, using statistical tools of Microsoft Office Excel 
(2019) and R software (4.0.2). Tukey HSD was used to 
determine significant differences between samples.

3.   RESULTS AND DISCUSSION

Marine or freshwater fishes are transported from 
landing centres to wholesale markets and retail fish 

markets which may likewise infect the associate people by 
handling. A wide possibility of destruction of fish can be 
occurred due to the attack of various pathogens, which 
unfavourably influences the human wellbeing and financial 
condition. At the point when the buyers buy these types of 
fishes, the related microorganisms are moved to the people 
who convey those(Begum et al., 2010).  In this way, there 
is generally a gamble of weakening of value because of 
poor or unhygienic handling, transportation and storage. 
Microbiological quality assessment aims to measure the 

hygienic quality of fish and the presence of pathogenic 
microorganisms in fish.

3.1.  Enumeration of TPC in selected fish species

The three species collected from Baghajatin wholesale fish 
market were analysed for total plate count (TPC) as shown 
in Figure 1 and Table 3. The TPC of L. rohita muscle with 
skin was found to be high in the month of October (3.9±0.2 
log cfu g-1) and low in the month of January (3.2±0.04 log 
cfu g-1) with significant (p<0.05) variation over different 
sampling months. Similarly, the TPC value for L. calcarifer 
and J. belangeri was recorded highest during the month of 
October (4.1±0.09 and 4.19±0.05 log cfu g-1) and lowest 
during the month of January (3.48±0.07 and 3.7±0.06 log 
cfu g-1) respectively with significant (p<0.05) variation 
over different sampling months. The TPC value found in 
October was significantly higher than the values obtained 
in the month of January may be due to the temperature 
variations. Similarly, three fish species were also collected 
from Garia retail fish market for total plate count (TPC) 
as shown in Figure 2 and Table 3. The TPC values of 

Figure 1: Variation in TPC of Labeo rohita (log cfu g-1), Lates 
calcarifer (log cfu g-1) and Johnius belangeri (log cfu g-1) collected 
from selected wholesale fish market; *: Results are mean of 
three determinations (n=3) with s.d.; #: Values of means varied 
significantly (p<0.05) with months.
L. rohita muscle with skin were found 4.8±0.35 log cfu 
g-1 in the month of October, 4.6±0.5 log cfu g-1 in the 
month of November, 3.6±0.45 log cfu g-1 in the month of 
December and 3.5±0.4 log cfu g-1 in the month of January 
respectively. The TPC value for L. calcarifer was recorded 
highest during the month of October (4.4±0.4 log cfu g-1) 
and lowest in the month of January (3.97±0.17 log cfu g-1) 
respectively, but the changes were not significant (p<0.05). 
On the other hand, the TPC value of J. belangeri was 
recorded highest during the month of October (4.63±0.14 
log cfu g-1) and lowest in the month of January (4.24±0.13 
log cfu g-1) respectively with significant (p<0.05) variation 
over different sampling months. Bordoloi (2013) reported 
that the total plate count (TPC) of the muscle of fresh 
Labeo rohita varied from 3.1×105 to 6.8×106 cfu g-1 which 
fairly coincides with the finding of the present study. On 
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the other hand, Dey and Dora (2010) recorded that fresh 
croaker showed TPC value of 5.4±0.02 log cfu g-1which is 
in accordance with the findings of the present study.

3.2.  Enumeration of TPC in collected water, ice and swab 
samples 

Water and ice are the most important factor for the 
good quality of fish. The ice made under poor sanitary 
conditions may become a risk factor to the consumers. 
The microorganisms present in the environment enable it 
to enter the food chain through raw material which affects 
the quality of fresh fishes (Cruz-Romero et al., 2008). The 
TPC value of the water samples collected from Baghajatin 
wholesale fish market varied from 4.66±0.05 log cfu ml-1 in 
October to 4.06±0.11 log cfu ml-1 in January which showed 
significant variations (p<0.05) over the sampling months as 
shown in Figure 3 and Table 4. On the other hand, TPC 
value of water samples collected from Garia retail fish 
market ranged between 5.01±0.21 log cfu ml-1 in October 
to 4.27±0.13 log cfu ml-1 in January with significant 
(p<0.05) variation over different sampling months as 
shown in Figure 4 and Table 5. Ice samples used in the 

Baghajatin wholesale fish market over different sampling 
months contained a higher value of TPC in the month of 
October (4.83±0.08 log cfu ml-1) and least (p<0.05) in the 
month of December and January (4.71±0.08 and 4.49±0.18 
log cfu ml-1) respectively as shown in Figure 3 and Table 
4. Similarly, the TPC value of Ice samples collected from 
Garia retail fish market ranged from (5.41±0.21 log cfu 
ml-1) in October to (4.71±0.09 log cfu ml-1) in January 
with significant (p<0.05) variation over different sampling 
months as shown in Figure 4 and Table 5.  Sanjee and 
Karim, (2016) reported that the total viable aerobic count 
(TVAC) in ice samples ranged between 3 to 18 cfu ml-1 .

Figure 2: Variation in TPC of Labeo rohita (log cfu g-1), Lates 
calcarifer (log cfu g-1) and Johnius belangeri (log cfu g-1) collected 
from selected retail fish market; *: Results are mean of three 
determinations (n=3) with s.d.; #: Values of means varied 
significantly (p<0.05) with months
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Figure 3: Variation in TPC in Ice (cfu ml-1), Water (cfu ml-1) 
and Swab (cfu cm-2) collected from selected wholesale fish 
market; * Results are mean of three determinations (n=3) 
with s.d.; # Values of means varied significantly (p<0.05) with 
months
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Figure 4: Variation in TPC in Ice (cfu ml-1), Water (cfu ml-1) 
and Swab (cfu cm-2) collected from selected retail fish market; 
* Results are mean of three determinations (n=3) with s.d.; 
# Values of means varied significantly (p<0.05) with months     
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Personal hygiene practices and hygienic production 
processes are equally important to ensure fish and fishery 
products are safe to eat. The swab collected randomly 
from the crates and the places where the fishes were 
kept in the Baghajatin wholesale fish market, had TPC 
values ranging from 4.51±0.11 log cfu cm-2 in October to 
4.11±0.07 log cfu cm-2 in January. The variation in TPC 
of swab samples indicated significant variation (p<0.05) 
among the sampling months as shown in Figure 3 and 
Table 4. On the other hand, the TPC values of Swab 
samples collected from Garia retail fish market varied from 
4.66±0.16 log cfu cm-2 in October to 4.18±0.02 log cfu cm-2 
in January which showed significant (p<0.05) variation 
over different sampling months as shown in Figure 4 and 
Table 5. Prabakaran et al. (2011) also reported that the 
TPC of swabs sample taken from the Worker’s hand and 
Fish handling box at fish processing plant Mandapam, 
Tamilnadu was 37×102 cfu 25 cm-2 and 39×102 cfu 25 cm-2 
respectively.

3.3.  Enumeration of faecal coliform 

Coliform detection is basically employed as an indicator 
of sanitary conditions in fish processing environment or as 
an indicator of water quality. For that the Most Probable 
Number approach is used as a multi-step statistical test. 
The faecal coliform count of water sample collected from 
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Figure 5: Variation in Faecal coliform in Ice (cfu ml-1), Water 
(cfu ml-1) and Swab (cfu cm-2) collected from selected wholesale 
fish market; * Results are mean of three determinations (n=3) 
with s.d.; # Values of means varied significantly (p<0.05) with 
months

Baghajatin wholesale fish market was found to have the 
highest value in the month of October (11.93±0.4 MPN 
ml-1) and least in the month of January (5.89±0.48 MPN 
ml-1) with significant variations (p<0.05) over the sampling 
months. The ice samples had the highest faecal coliform 
count of 10.05±0.44 MPN ml-1 in October and lowest 
of 4.06±0.91 MPN ml-1 in January and the values were 
significant (p<0.05) among the sampling months. In 
case of swab samples, faecal coliform count was recorded 
13.39±0.84 MPN ml-1 in the month of November and 
7.95±1.18 MPN ml-1 in the month of January with 
significant variations (p<0.05) over the sampling months 
as shown in Figure 5 and Table 4. On the other hand, 
faecal coliform count of water samples collected from 
Garia retail fish market was found highest in the month 
of October (13.01±0.7 MPN ml-1) and least in the month 
of January (3.8±0.7 MPN ml-1) with significant variations 
(p<0.05) over the sampling months. The ice samples had 
the highest faecal coliform count of 11.5±0.3 MPN ml-1 

market were found positive for the presence of Clostridium 
sp. and Listeria sp. during the month of October and 
November. Salmonella sp. was detected in the month of 
October and December in L. rohita. Clostridium sp. and 
Listeria sp. was detected in the month of October, December 
and January in L. calcarifer and J. belangeri. Salmonella sp. 
was detected in the month of November and December 
for all samples of L. calcarifer and J. belangeri. Presence 
and absence of Listeria sp., Clostridium sp. and Salmonella 
sp. in Labeo rohita, Lates calcarifer and Johnius belangeri is 
as shown in Table 1. Bacillus cereus, Enterococcus faecalis, 
Staphylococcus aureus, Streptococcus pyogenes, Escherichia coli, 
Klebsiella pneumoniae, Pseudomonas aeruginosa, Salmonella 
typhi, Shigella sp., and Vibrio cholerae were among the 
microorganisms recovered from the three commercially 
edible tuna fish species, i.e., Euthynnus affinis, Katsuwonus 
pelamis, and Auxis thazard (Patrata and Aluri, 2021). There 
are many sources of E. coli in the environment including 
water samples, soil and sediments and treated wastewater 
effluent (Ishii et al., 2006). Contamination of fish 
products with L. monocytogenes depends on many factors 
such as cleaning and processing procedures, improper 
handling at the retail level and using of contaminated raw 
materials (Zarei, 2012). L. rohita samples collected from 
Garia retail fish market were found positive for presence 
of Clostridium sp. and Listeria sp. during the month of 
October and December. Salmonella sp. was detected in the 
month of October, November and December for L. rohita. 
Clostridium sp. and Listeria sp. was detected in the month 
of October, November and January in L. calcarifer and J. 
belangeri. Salmonella sp. was detected in all samples of L. 
calcarifer and J. belangeri in the month of November and 
December. Presence and absence of Listeria sp., Clostridium 
sp. and Salmonella sp. in Labeo rohita, Lates calcarifer and 
Johnius belangeri is as shown in Table 2. The presence of 
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in October with lowest significant value (p<0.05) was 
recorded in the month of January (4.7±0.6 MPN/ml). 
In case of swab samples, the faecal coliform count was 
recorded 19.8±0.6 MPN ml-1 in the month of October 
and 12.5±1.1 MPN ml-1 in the month of December with 
significant variations (p<0.05) over the sampling months 
as shown in Figure 6 and Table 5. The faecal coliform 
count of water samples collected from retail fish market of 
Vashi, Navi Mumbai was 50 MPN 100 ml-1  as stated by 
Visnuvinayagam et al. (2019).

3.4.  Pathogens detection of mentioned species 

The aim of these hygienic practices is to prevent or reduce 
fish contamination and microbial growth. Most of the 
mediums involved in the marketing of fish are unaware that 
they are potential carriers of pathogenic microorganisms. 
L. rohita samples collected from Baghajatin wholesale fish 

Figure 6: Variation in Faecal coliform in Ice (cfu ml-1), Water 
(cfu ml-1) and Swab (cfu cm-2) collected from selected retail 
fish market; * Results are mean of three determinations (n=3) 
with s.d.; # Values of means varied significantly (p<0.05) with 
months
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Table 2: Presence and Absence of Listeria sp., Clostridium sp. and Salmonella sp. in Labeo rohita, Lates calcarifer and Johnius 
belangeri collected from selected retail fish market
+    L. rohita L. calcarifer J. belangeri

Months Salmonella 
sp.

Clostridium 
sp.

Listeria 
sp.

Salmonella 
sp.

Clostridium 
sp.

Listeria 
sp.

Salmonella 
sp.

Clostridium 
sp.

Listeria 
sp.

October + + + - + + - + +
November + - - + + + + + +
December + + + + - - + - -
January - - - - + + - + +
* Results are mean of three determinations (n=3) with s.d.;  + Presence;  -absence

Staphylococcus aureus indicates the unhygienic condition 
of the fish market. S. aureus can be easily transferred to 
seafood during handling (Zarei et al., 2012). According 
to Olgunoglu (2012), the fresh fish, fish meal, farmed and 

imported frozen shrimp can carry Salmonella sp., mainly 
if they are caught from contaminated areas with faecal 
pollution or processed, packed, stored, distributed under 
unsanitary conditions.

Table 3: Monthly changes in Total plate count (log cfu g-1) of selected fishes
Month Wholesale fish market Retail fish market

L. rohita L. calcarifer J. belangeri L. rohita L. calcarifer J. belangeri
October 3.9±0.2 4.1±0.09 4.19±0.05 4.8±0.35 4.4±0.4 4.63±0.14
November 3.6±0.04 3.96±0.06 4.09±0.06 4.6±0.5 4.5±0.3 4.53±0.16
December 3.5±0.04 3.84±0.06 3.89±0.06 3.6±0.45 4.26±0.12 4.38±0.15
January 3.2±0.04 3.48±0.07 3.7±0.06 3.5±0.4 3.97±0.17 4.240.13

Table 4: Monthly changes in total plate count (log cfu ml-1) and faecal coliform count (MPN ml-1) of Water, Ice and Swab 
sample collected from selected wholesale fish market
Month TPC (log cfu ml-1) Faecal coliform count (MPN ml-1)

Water sample Ice sample Swab sample (log cfu cm-2) Water sample Ice sample Swab sample
October 4.66±0.05 4.83±0.08 4.51±0.11 11.93±0.4 10.05±0.44 16.52±0.63
November 4.54±0.09 4.9±0.06 4.29±0.1 10.96±0.18 7.36±0.99 13.39±0.84
December 4.25±0.07 4.71±0.08 4.23±0.09 7.65±0.71 6.79±1.32 11.45±1.18
January 4.06±0.11 4.49±0.18 4.11±0.07 5.89±0.48 4.06±0.91 7.95±1.18

Table 1: Presence and Absence of Listeria sp., Clostridium sp. and Salmonella sp. in Labeo rohita, Lates calcarifer and Johnius 
belangeri collected from selected wholesale fish market
+        L. rohita L. calcarifer J. belangeri

Months Salmonella 
sp.

Clostridium 
sp.

Listeria 
sp.

Salmonella 
sp.

Clostridium 
sp.

Listeria 
sp.

Salmonella 
sp.

Clostridium
sp. 

Listeria 
sp.

October + + + - + + - + +
November - + + + - - + - -
December + - - + + + + + +
January - - - - + + - + +
* Results are mean of three determinations (n=3) with s.d.;   + Presence;  -absence

-

-
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Table 5: Monthly changes in Total plate count (log cfu g-1) and Faecal coliform count (MPN ml-1) of Water, Ice and Swab 
sample collected from selected retail fish market
Month TPC (log cfu ml-1) Faecal coliform count (MPN ml-1l)

Water sample Ice sample Swab sample (log cfu cm-2) Water sample Ice sample Swab sample
October 5.01±0.21 5.41±0.21 4.66±0.16 13.1±0.7 11.5±0.3 19.8±0.6
November 4.82±0.08 5.22±0.23 4.49±0.19 12.1±0.8 10.8±0.4 15±0.9
December 4.43±0.13 5.05±0.23 4.27±0.03 6.8±0.4 6.1±0.7 12.5±1.1
January 4.27±0.13 4.71±0.09 4.18±0.02 3.8±0.7 4.7±0.6 8.8±0.6

4.   CONCLUSION

The muscle of both the fish species collected from 
two selected fish markets were considered as safe for 

human consumption. The hygienic status of Garia retail 
fish market was very poor than Baghajatin wholesale fish 
market. This might be due to poor sanitation, improper 
handling and use of contaminated water in ice production. 
The crates and platforms must be disinfectant with 100–
200 ppm of chlorine. Quality of water and ice used in 
Garia retail fish market should be improved immediately. 

5.   REFERENCES

Anonymous, 1986. International commission of 
microbiological specifications for foods. ICMSF. 
Microorganisms in Foods 2- Sampling for 
Microbiological analysis: Principles & Specific 
applications. 2nd Edition, University of Toronto 
Press. Toronto, Canada. 

Anonymous, 2001. American Public Health Association 
(APHA). Committee on Microbiological Methods 
for Foods. In: Compendium of methods for the 
microbiological examination of foods (Edn: 4th), 
Washington, 676.

Anonymous, 2012. Export Inspection Council (EIC). 
Executive Instructions for Approval and Monitoring 
of Fish & Fishery Products for Export. F&FP, 
Ex.Inst., Issue 4.

Begum, M., Ahmed, A.T., Das, M., Parveen, S., 2010. 
A comparative microbiological assessment of five 
types of selected fishes collected from two different 
markets. Advances in Biological Research 4(5), 259–
65.

Beyari, E.A., Aly, M.M., Jastaniah, S.D., 2021. Incidence 
of foodborne bacteria that cause serious health 
hazards in fish: A review. Annals of Medical and 
Health Sciences Research 11(S4), 60-66.

Bordoloi, R., Muzaddadi, A.U., 2013. Microbiological 
quality of Rohu (Labeo rohita) marketed at Agartala 
(Tripura) and its public health significance. Journal of 
Aquatic Food Product Technology 22(4), 380–391.

Carthy, Mc., U., Uysal, I., Badia-Melis, R., Mercier, 
S., O’Donnell, C., Ktenioudaki, A., 2018. Global 

food security–Issues, challenges and technological 
solutions. Trends in Food Science & Technology 77, 
11–20.

Cheng, J.H., D.W., Sun., X.A. Zeng., D.L., 2015. Recent 
advances in methods and techniques for freshness 
quality determination and evaluation of fish and fish 
fillets: A review. Critical Reviews in Food Science 
and Nutrition. 55, 1012–1025.

Cheng, J.H., Dai, Q., Sun, D.W., Zeng, X.A., Liu, D., 
Pu, H.B., 2013. Applications of non-destructive 
spectroscopic techniques for fish quality and safety 
evaluation and inspection. Trends in Food Science & 
Technology 34(1), 18–31.

Cochrane, K.L., 2021. Reconciling sustainability, 
economic efficiency and equity in marine fisheries: 
Has there been progress in the last 20 years?. Fish 
and Fisheries 22(2), 298–323.

Cruz-Romero., M., Kerry., J.P., Kelly, A.L., 2008. 
Changes in the microbiological and physicochemical 
quality of high-pressure-treated oysters (Crassostrea 
gigas) during chilled storage. Food Control 19(12), 
1139–1147.

Dey, S.S., Dora, K.C., 2010. Effect of sodium lactate 
as cryostabilizer on physico-chemical attributes of 
croaker (Johnius gangeticus) muscle protein. Journal 
of Food Science & Technology 47(4), 432–436.

Françoise, L., 2010. Occurrence and role of lactic acid 
bacteria in seafood products. Food Microbiology 
27(6), 698–709.

Gutema, B., Hailemichael, F., 2021. Microbial quality of 
traditionally dried fish products from selected parts of 
Ethiopia. Frontiers in Environmental Microbiology 
7(1), 1.

Helmi, A.M., Mukti, A.T., Soegianto, A., Mahardika, K., 
Mastuti, I., Effendi, M.H., Plumeriastuti, H., 2020. 
A review of Salmonella sp. in Tilapia fish (Oreochromis 
niloticus): Public health importance. Systematic 
Reviews in Pharmacy 11(10), 819–26.

Hussain, M.A., Kabir, M.L., Sayeed, M.A., Mahbub-
E-Elahi, A.T.M., Ahmed, M.S., Islam, M.J., 
2018. Organochlorine pesticide residues and 
microbiological quality assessment of dried barb, 
Puntius sophore, from the northeastern part of 

389

International Journal of Bio-resource and Stress Management 2023, 14(3):383-390



© 2023 PP House

Bangladesh. Fishes 3(4), 44.
Ikbal, A., Bhattacharya, A., Ray, B., 2023. Post harvest 

losses in fisheries and its mitigation measures: An 
Overview. Vigyan Varta 4(2), 141–145.

Ikbal, A., Bardhan, A., Singh, S. M., 2020. Chapter-3 
radiation: food safety and quality control measures 
in fishery products. Food Technology and Nutrition 
83, 55.

Ishii, S., Ksoll, W.B., Hicks, R.E., Sadowsky, M.J., 2006. 
Presence and growth of naturalized Escherichia coli 
in temperate soils from Lake Superior watersheds. 
Applied and Environmental Microbiology 72(1), 
612–21.

Jaaskelainen, E., Jakobsen, L.M., Hultman, J., Eggers, N., 
Bertram, H.C., Bjorkroth, J., 2019. Metabolomics 
and bacterial diversity of packaged yellowfin tuna 
(Thunnus albacares) and salmon (Salmo salar) show 
fish species-specific spoilage development during 
chilled storage. International Journal of Food 
Microbiology 293, 44–52.

Jalal, K.C., Akbar, J.B., Lyana, N., Faizul, H.N., Noor, 
I.Y.M., Irwandi, J., Bulbul, M., 2017. Comparative 
study on spoilage and pathogenic bacteria in 
selected commercial marine and freshwater fishes. 
International Food Research Journal (Supplementary 
Issue) 24, 298–304.

Kapute, F., Likongwe, J., Kang’ombe, J., Kiiyukia, C., 
Mpeketula, P., 2012. Quality assessment of fresh 
lake Malawi tilapia (Chambo) collected from selected 
local and super markets in Malawi. FoodHACCP.
com Publishing.

Nowshad, F., Mustari, N., Khan, M.S., 2021. Overview of 
microbial contamination of foods and associated risk 
factors. In: Techniques to Measure Food Safety and 
Quality, Springer, Cham., 11–29.

Nur, I.T., Mou, A.N., Habiba U., 2020. Comparative 
microbiological analysis of four different sea fishes 
collected from local market in Dhaka Metropolis 
Food Research 4(1), 161–165.Olgunoglu, I.A., 2012. 
Salmonella in fish and fishery products, salmonella-a 
dangerous foodborne pathogen. Chapter 1, 1st ed. 
Intech Open Limited, London.

Onjong, H.A., Ngayo, M.O., Mwaniki, M., Wambui, J., 
and Njage, P.M.K., 2018. Microbiological safety of 
Fresh Tilapia (Oreochromis niloticus) from Kenyan 
fresh water fish value chains. Journal of Food 
Protection 81(12), 1973– 1981.

Pal, M., Mahendra, R., 2015. Sanitation in food 
establishments. LAP Lambert Academic Publishing.

Pal, M., 2012. Food spoilage. Ph.D. Lecture Notes. Addis 
Ababa University, College of Veterinary Medicine, 
Debre Zeit, Ethiopia 1–8.

Prabakaran, P., Sendeesh Kannan, K., Anand, M., 
Pradeepa, V., 2011. Microbiological quality 

assessment in a fish processing plant at Mandapam, 
Ramanathapuram District. Archive of Applied 
Science Research 3(2), 135–8.

Prasad, M.M., Murugadas, V., 2019.  Microbial quality 
and safety of fish and fishery waste. ICAR-Central 
Institute of Fisheries Technology. ITEC training 
programme on ‘Protocols for the Production of High 
Value Secondary Products from Industrial Fish and 
Shellfish Processing’ from 25/11/2019 to 21/12/2019 
at ICAR-CIFT, Kochi.

Patrata, S., Aluri, J.S., 2021. A study on phyto-chemical 
analysis and antibacterial activity of spices on 
pathogenic bacteria isolated from commercially 
important edible marine fishes, (Cantor), L. and 
(Lacepede) (Family Scombridae). Transylvanian 
Review of Systematical and Ecological Research 
23(3), 37–72.

Rasul, M.G., Yuan, C., Shah, A.A., 2020. Chemical and 
microbiological hazards of dried fishes in Bangladesh: 
A food safety concern. Food and Nutrition Sciences 
11(6), 523–539.

Sanjee, S.A., Karim, M., 2016. Microbiological quality 
assessment of frozen fish and fish processing 
materials from Bangladesh. International Journal of 
Food Science  Article ID 8605689, 1–6. https://doi.
org/10.1155/2016/8605689.

Shahriar, A., Akter, T., Kobra, A.T., Emran, T.B., 
Mallick, J., Dutta, M., 2019. Isolation of pathogenic 
and non-pathogenic microbial stains from different 
types of sea fish samples and their quality assessment 
with antibiogram properties. Journal of Advances in 
Microbiology 19(1), 1–10.

Sharif, M.K., Javed, K., Nasir, A., 2018. Foodborne 
illness: threats and control. In Foodborne Diseases. 
Academic Press, 501–523.

Singh, S.M., Chowdhury, S., Nath, S., Chandravanshi, 
N.K., 2019. Quality assessment of fresh indian 
mackerel (Rastrelliger kanagurta) and ribbon fish 
(Trichiurus lepturus) from the Namkhana landing 
center west bengal, india. Journal of Experimental 
Zoology, India 22(2), 955–962,

Visnuvinayagam, S., Murthy, L.N., Parvathy, U., 
Jeyakumari, A., Adiga, T.G., Sivaraman, G.K., 2019. 
Detection of multi drug resistant bacteria in retail 
fish market water samples of Vashi, Navi Mumbai. 
Proceedings of the National Academy of Sciences, 
India Section B: Biological Sciences 89(2), 559–64.

Zarei, M., Maktabi, S., Ghorbanpour, M., 2012. Prevalence 
of Listeria monocytogenes, Vibrio parahaemolyticus, 
Staphylococcus aureus, and Salmonella spp. in seafood 
products using multiplex polymerase chain reaction. 
Foodborne Pathogens and Disease 9(2), 108–12.

Roy et al., 2023

390

https://doi.org/10.1155/2016/8605689
https://doi.org/10.1155/2016/8605689

