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Abstract Occurrence of faecal indicator bacteria (FIB) is

being reported regularly by various researchers. But there

is no information about the microbiological quality of the

water used in the retail fish markets. Hence to understand

the hygienic status of the water used in retail outlets, about

51 water samples were collected from the retail outlets of

Navi Mumbai region and microbiological parameters such

as aerobic plate count (APC), faecal indicator bacteria viz.,

Escherichia coli, faecal streptococci (FS) and sulphite

reducing clostridia (SRC) were enumerated. Antibiogram

was also carried out for 57 isolates against 20 antibiotics.

Results indicated that all water samples harboured higher

levels of APC, E. coli, FS and SRC with an average value

of 558, 41, 51 cfu/mL and 2.42/20 mL respectively. Ratio

between the FS and E. coli i.e., 1:1.25 indicates the mul-

tiplication of E. coli in the water used in the retail market.

Higher level of resistance was observed for Augmentin and

Colistin. Four multi drug resistant (MDR) E. coli were

observed in the water samples. Checking of water in the

retail fish market is the most neglected area where high

level of contamination and MDR bacteria have been

detected. So, it was inferred that the repeated use of same

water without replacement is a major cause of higher levels

of FIB and MRD bacteria in the retail fish market water

samples that further leads to their transfer from water to

fish. Hence, running water facility should be used to clean

the fish.
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Introduction

Quality of the water used for fish processing should be of

good quality and potable in nature in order to avoid the

transfer of pathogens from water to fish. Since monitoring

of all pathogens is a cumbersome procedure, European

Council directives have recommended testing the faecal

indicator bacteria instead of all pathogens. Faecal indicator

bacteria (FIB) generally exist as commensal in intestine of

warm blooded animals [1]. Hence, the presence of these

indicator organisms in fishes shows definite faecal con-

tamination [2]. Even though, existence of mere FIB in fish

is not directly linked with the pathogenic bacteria; there is

high possibility of the presence of pathogenic bacteria as

well. Escherichia coli faecal streptococci (FS) and sulphite

reducing clostridia (SRC) are considered as important

indicators for the assessment of faecal contamination [3].

Hence, the presence of these bacteria in potable water used

for cleaning of the fish is to be considered seriously to

overcome their transfer from the water to fish [4].

Escherichia coli is abundant in warm blood animal

faeces; more over 90% of the coliform isolated from the

faecal materials are confirmed as E. coli [5]. Hence, it is
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considered as the best and primary indicator for the faecal

contamination [6]. Moreover, it is an index organism for

Salmonella, coliphages and human enteric viruses [7]. But

it is highly labile and gets rapidly destroyed on freezing the

food materials [1]. Faecal streptococci (FS) are a group of

bacteria having better survivability in environment as well

as freezing temperature than E. coli [1] which is used to

monitor the quality of potable water resources [8]. Majority

of FS isolated from the polluted water are of true faecal

origin [9]. Similarly sulphite reducing clostridia (SRC) are

group of bacteria that reduce sulphate to sulphite. Owing to

their wide distribution and their ability to form spores that

withstand very harsh environmental conditions, the pres-

ence of these SRC in water resources indicates remote

faecal contamination. Since the SRC spores are highly

resistant in nature and withstand the sanitation, it is being

used to evaluate the virus, cyst inactivation and to assess

the effect of sanitation in the drinking water disinfection

processes [7]. Higher incidences of SRC in the freshwater

and marine fishes were also reported in Cochin, Kerala,

India [10].

Most of the researches in India are based on the quality

checking of either inland or pond water [11, 12]. Clear

standards were described by the Central Pollution Control

Board (CPCB) to analyze the water quality for irrigation or

drinking purpose [13]. But, clear guidelines regarding

water used for fish processing were not described by

CPCB. But, Bureau of Indian standard (BIS) has given

clear guidelines regarding the parameter to be analyzed for

ice/water used in fish processing industry i.e., IS-

14517:1998 [14]. Recent emerging multi drug resistant

bacteria viz., Methicillin resistant Staphylococcus aureus

(MRSA) also reported in Indian retail fish market [15, 16].

High level of multi drug resistant E. coli was also reported

in many Indian retail fish market [17]. High level of FIB

bacteria such as E. coli, FS and SRC were found in the

fresh water fishes of Indian retail market of Navi Mumbai

region [18]. Similarly, enormous literatures were reported

about the level of contamination on marine water [19–21].

But no detailed research has been carried out on the quality

of the water used in the retail markets. Only one report was

available regarding the water used in the fish retail market.

Kumar et al. [22] collected 12 water samples of fish retail

outlets along with fish sample’s microbiological quality

checking and found that 8 samples i.e., 66% of the samples

harbour E. coli. In India, most of the consumers prefer to

procure fishes from the retail fish markets; but the quality

of the water used in the fish retail marker is the most

neglected area in fish market. Hence, the present study was

given importance to understand the quality of water used

directly or indirectly in the retail market. Hence, a study

was carried out to understand the quality of water used in

the retail fish markets of Vashi, Navi Mumbai.

Material and Methods

Collection of Water Samples

Total 51 water samples were collected from retail fishery

outlets of Navi Mumbai region using sterile conical flasks

and analysed for aerobic plate count (APC), faecal indi-

cator bacteria such as E. coli, faecal streptococci (FS) and

sulphite reducing clostridia (SRC).

Aerobic Plate Count (APC)

One mL of water sample was serially diluted and poured

over the Tryptone Glucose Beef Extract (TGBE) agar (Hi

Media, #M791) plates and spread over the surface and

incubated at 35 �C for 2 days for APC enumeration and the

colonies between the 30–300 were counted for enumera-

tion [23].

Escherichia coli

Most probable number (MPN) method of analysis is suit-

able method for coliform/faecal coliform/E. coli analyses

in water sample (MPN/100 mL). But, in the present study,

one mL contains average of around 40 E. coli, therefore, all

test tubes were positive for E. coli ([ 1400) for 100 mL

MPN. Hence, in the present study, for enumeration of

E. coli, ISO 9308-1 protocol was followed with slight

modification. i.e., one mL of water was spread over the

Tergitol 7 agar (Hi Media, #M6161) plates supplemented

with 0.25 mL of 1% Triphenyl Tetrazolium Chloride

(TTC) (Himedia, FD057) and the plates were incubated at

37 �C for 24 h [29]. Flat dry yellow colonies with or

without red tinge were further checked on Eosin methelene

blue (EMB) agar plates for characteristic dark purple col-

ony with greenish metallic sheen. These green metallic

sheen colonies were further subjected to IMViC tests for

further confirmation [24].

Faecal Streptococci (FS)

The faecal streptococci were enumerated based on the pour

plated method. The diluted sample (1 mL) from each test

tube was transferred in the sterile empty petri plates.

Beforehand, Kenner faecal (KF) streptococcal agar base

(Hi Media, #M248) was boiled and cooled to 48 �C and

supplemented with 1 mL of 1% TTC (FD057). The agar

medium was poured into the petri plates containing 1 mL

of diluted water sample and rotated firmly for uniform

mixing. After the plates were dried, 5 mL of the KF agar

medium was overlaid on the surface of each plate and

allowed to dry in the room temperature. All the plates were
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incubated at 35 �C for 48 h. Brown colonies surrounded by

a halo zone were subjected to biochemical test for further

confirmation [23].

Sulphite Reducing Clostridia (SRC)

SRC numbers were determined by a three tube most

probable number (MPN) technique using Differential

Reinforced Clostridial Broth (DRCB) (M549, Himedia).

All black colour tubes were confirmed by streaking over

Tryptose Sulfite Cycloserine (TSC) agar and the charac-

teristic colonies were again confirmed by biochemical

reactions [25].

Antibiogram

Antibiogram was carried out for all 57 confirmed E. coli

isolates. The isolated strains were inoculated in Brain Heart

Infusion (BHI) broth. After reaching the 0.5 Mc Farland

level turbidity, the culture was spread plated uniformly

onto pre set Mueller–Hinton agar (HiMedia # M173,)

plates (pH 7.2–7.4) by cotton swab. Then commercially

available antibiotics impregnated disc for 20 antibiotics

disc (Himedia, # IC002) were placed over the plates. The

zone diameter was measured after 24 h using the scale and

the resistance level was interpreted based on the breakpoint

using the standard chart [26].

Results and Discussion

Of 51 water samples collected from the retail fish markets

of Vashi, Navi Mumbai, APC values of all the samples

were more than the recommended limit. As per the EC

(1998), the APC should be 20 cfu/mL at 37 �C [8]. But, in

the present study, the average APC was 558.92 cfu/mL of

water sample (Table 1) i.e., around 27 times higher than

the European commission recommendation. Similarly,

Bureau of Indian Standard (BIS) has published certain

microbial limitation in 1998 for the APC related to the

water used for fish processing i.e., IS-14517:1998 [14] the

limit for the APC is 100 cfu/mL. Hence, as compared to

BIS, the APC average was 5.5 times higher than the rec-

ommended limit.

As per IS-14517 recommendation, E. coil should be

absent in 100 mL [28]; but in the present study, E. coli

counts in all 51 samples were more than the recommended

level, with the average count of 41.37 cfu/mL. As per BIS,

water used in the fish processing Industry is contaminated

4137 times higher than the recommended limit. However,

it is difficult to compare the coliform level with the CPCB

standard of E. coli level; because, the limit for the coliform

count is 50 MPN/100 mL. In general, higher level of

E. coli was observed in the water.

For quality standards, the recent EC directive 98/83

recommends the level of Enterococci (sub set of faecal

streptococci) absent in 250 ml [8]. FS in the water samples

was 51.92 cfu/mL on an average. Recent dreadful report

suggested that, the Enterococcus species viz. E. faecalis

and E. faecium are responsible for endocarditis, intra-ab-

dominal infection, surgical wound infection, and urinary

tract infections in humans [27, 28]. Moreover, these FS are

heat resistant; even withstanding pasteurization tempera-

ture. In addition, they are not affected by the ingestion [29];

thus enabling the bacteria to spread easily by handling.

As per the previous EC directive [28] recommendation,

the level of SRC was absent in 20 ml. Since, C. perfringens

is a more suitable indicator in SRC, recent 98/83/EC

Directives amended as absence of C. perfringens in 100 ml

of water [8]. Among the 51 samples tested, SRC counts of

8 samples were nearly zero (0.6–0.8 cfu/mL). The average

levels of SRC were 2.42/20 mL. Since SRC can withstand

the cooking temperature and other food processing tech-

niques, most of the fishes carry the SRC even after cook-

ing/processing or any other preservation method. Hence,

hygienic handling practices have to be followed to avoid

the SRC/C. perfringens in seafood.

The presence of the faecal indicators in the samples

indicated that the water samples were highly contaminated

with the faecal materials. Butniaux and Mossel [30]

reported that polluted pond water contains 40 9 106 col-

iform, 4 9 106 of E. coli and 4 9 106 Enterococcus sp. per

gram of faecal matter. The presence of 10 number of

E. coli in the food is equal to contamination by 2.5 g faecal

materials in fish. They also observed that ratio between the

Enterococcus with E. coli is 1:0.1 respectively. But, in the

present study, FS with E. coli ratio was 1: 1.25. i.e., very

high level of E. coli in the water sample, which is possible

due to multiplication of E. coli in water samples. In addi-

tion, correlation coefficient determination was carried out

between the APC and Faecal Indicator bacteria and within

Faecal Indicator bacteria and found that better correlation

was found between the E. coli and FS i.e., 0.45; which

indicates that a multiplication of the FS also takes place

along with the E. coli. It was the reason for the higher level

of the FS in the water samples. But, in case of the SRC, no

multiplication happened, because of its anaerobic nature.

So, the present study clearly indicates that the water sam-

ples used in the fish retail outlet act as a reservoir for E. coli

multiplication.

Of 57 E. coli strains isolated from the samples, antibi-

ogram was carried out with 20 antibiotics (Fig. 1; Table 1).

Most of the isolates were resistant to augmentin (73%) and

colistin (26%) (Table 1). Augmentin is a combination of

amoxicillin trihydrate and potassium clavulanate (a beta-
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lactamase inhibitor); combination results in antibiotic with

an increased spectrum against beta-lactamase. Augmentin

is prescribed as a last choice of penicillin class resistant

bacteria. Bacteria resistance to Augmentin indicates their

MDR nature. It is a drug of choice for extended spectrum

of beta lactamase (ESBL) producing bacteria. Hence, the

resistant to Augmentin indicates higher resistant bacteria

present in the water samples. The resistant bacteria are

generally mutant; which multiply more in number due to

clonal selection and also potential agent for the transfer of

the resistant gene in the water samples. Generally, Aug-

mentin is not used in the pond water treatment and hence is

an indication of the handler’s contamination.

Colistin (polymyxin E) is a polymyxin antibiotic rec-

ommended for the last-resort antibiotics for multidrug-re-

sistant bacteria. It is commonly administered as injection.

Generally the injectable resistant antibiotics are rarely

encountered in the environmental samples. But, in the

present study, higher level of Colistin is viewed seriously

because of the potential involvement of the handlers, not

by the environmental contamination. The remaining iso-

lates were resistant to cefpodoxime (22%), nitrofurantoin

(10%), and co-Trimoxazole (7%). Antibiotics such as

nalidixic acid, imipenem, levofloxacin, cefoxitin and gen-

tamicin were observed to have 1–5% resistance. No resis-

tance was observed for ciprofloxacin, tobramycin,

moxifloxin, ofoxacin, ceftazidime, norfloxacin, gati-

floxacin, amikacin, aztreonam and ceftriaxone. Even

though, these isolates were resistant to augmentin and

cepodoxime, they were susceptible to aztreonam and

Table 1 Resistant level of the E. coli isolates against the different antibiotics

Name and dose of antibiotics No. of isolates Resistant Intermediate resistant Percentage of resistant

Augmentin (AMC) 30 lg 57 42 73.68

Colistin (CL) 10 lg 57 15 30 26.32

Cefpodoxime (CPD) 10 lg 57 13 17 22.81

Nitrofurantoin (NIT) 300 lg 57 6 8 10.53

Co-Trimoxazole (COT) 25 lg 57 4 - 7.02

Nalidixic acid (NA) 30 lg 57 3 - 5.26

Imipenem (IPM) 10 lg 57 2 6 3.51

Levofloxacin (LE) 5 lg 57 1 - 1.75

Cefoxitin (CX) 30 lg 57 1 2 1.75

Gentamicin (GEN) 10 lg 57 1 2 1.75

Ciprofloxacin (CIP) 5 lg 57 - - 0.00

Tobramycin (TOB) 10 lg 57 - 4 0.00

Moxifloxacin (MO) 5 lg 57 - - 0.00

Ofloxacin (OF) 5 lg 57 - - 0.00

Ceftazidime (CAZ) 30 lg 57 - - 0.00

Norfloxacin (NX) 10 lg 57 - 1 0.00

Gatifloxacin (GAT) 5 lg 57 - - 0.00

Amikacin (AK) 30 lg 57 - - 0.00

Aztreonam (AT) 30 lg 57 - - 0.00

Ceftriaxone (CTR) 30 lg 57 - - 0.00

Fig. 1 Antibiogram for the E. coli isolates with 20 antibiotics.

Decreased zone of Inhibition was observed for augmentin (AMC) and

cefpodoxime (CPD)
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ceftriaxone and hence these isolates were non-extended-

spectrum beta-lactamase (ESBLs) producer. About four

isolates were found to be resistant to C 3 antibiotic classes

and hence categorized as multi drug resistant (MDR)

bacteria.

Conclusion

The present study was concerned about the most neglected

area in fish market i.e., water used in the fish market for

cleaning of fishes. The study inferred that retail markets are

potential sources of FIB and MDR bacteria. Reason for the

occurrence is due to repeated use of contaminated water for

cleaning of fish in retail fish markets i.e. dipping of the fish

for cleaning in the same water without replacement. Hence,

the retailers need to follow stringent hygienic practices by

use of clean potable free flowing water for washing of fish.

Meanwhile, researchers need to examine the water quality

of the retail fish market while collecting the fish samples to

assess the transfer of MDR pathogens from water to fish in

retail fish outlets. The current data provides an insight of

the prevailing unhygienic condition of retail fish markets

thus providing information to the consumers, producers

and regulators to establish appropriate public policies.

Similar studies are mandatory for creating general aware-

ness among consumers regarding the quality of water and

ultimately the fish in retail market thus instigating the

consumer to demand/insist for the supply of safe and

quality fish.
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