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Abstract- Present study was carried out to assess the microbiological quality of two freshwater fishes (Labeo rohita and Wallago
attu) which are available for sale at three local markets (site A: whole sale market, site B: retailer market and site C: supers stores) of
Lahore. Mean bacterial count was higher in fishes purchased from site A as compared to site B and site C. Among fish species, higher
mean colony forming units (CFU/g) was recorded in L. rohita as compared to W. attu. In comparison of different organs, higher mean
bacterial load was measured in skin followed by gills and muscles. Bacterial genera isolated from fishes were food-borne pathogens
which include Aeromonas, Bacillus, Enterobacter, Shigella, Staphylococcus, Yersinia, Streptococcus and Klebsiella which were
significantly different in all sites except Moraxella. These genera not only involve in spoilage but also linked with human illness. On
the basis of results, it is suggested that harvesting, handling, transportation and storage of fishes especially at site A should be

performed hygienically to reduce the microbial exposure.

Index Terms: Labeo rohita, Wallago attu, fish organs, sampling sites, food-borne pathogens.

I.INTRODUCTION

hand, the demand of highly nutritious food has been

increasing with gradual increase in world population
[1]. Fishes due to presence of good quality macromolecules
are considered as highly risk commodity [2]. Microbes are
major cause of spoilage in fishes. These microbes are present
naturally on outer surfaces of fishes such as skin and gills and
in gastrointestinal system [3]. Furthermore, the microbial
contamination occurs due to inappropriate handling and
storage during harvesting, transportation, marketing,
processing till serving as a meal [4].
The most common pathogens are Salmonella spp.,
Staphylococcus  aureus,  Escherichia  coli,  Listeria
monocytogenes, Clostridium spp., Shigella spp., Aeromonas
spp., and Yersinia spp [5]. Globally, these are considered as
major meat pathogens that are responsible for causing 42% of
food-borne outbreaks [6]. For example, Aeromonas is widely
distributed pathogen in aquatic environments which not only
cause the diseases in aquatic animals such as fish but also
affect humans directly and increase the levels of histamine,
which poses a chemical hazard to the human health [7].
Hence, fish meat provides a major vehicle for the proliferation
of microbial pathogens which are responsible for causing
food-borne illness in human [8]. The knowledge about
microbiological quality of fishes is very important due to the
importance of health and welfare of human.
The present study aimed to assess the microbiological quality
of two freshwater fishes, Labeo rohita and Wallago attu sold
in three different marketing channels of Lahore, Punjab,
Pakistan. Both fish species are available from every fish shop
and have high market demand in Punjab, Pakistan due to its
taste.

Food safety is a major issue of the world. On the other

I1.MATERIALS AND METHODS

A. Sampling site:
The present study was conducted on three different markets of
Lahore. The brief description of sampling sites (Fig.1) is
described below.
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Fig 1: Sampling sites of Lahore fish market.
Site A: Fish whole sale market/ Fish mandi:

It is situated near Anarkali Bazar/Urdu Bazar, Lahore. This
site characterized with whole sale area where fish sold in large
quantity/bulk at low cost to fish vendors and consumers.
These vendors sale the fishes in different areas of Lahore. Fish
came at site A through a long chain from the distant rivers and
fish farms. The ice is used during transportation and at storage
place (floor) at site A. Microbial contamination in fishes may
occur from capturing gears, transportation, storage place etc.
Normally fishes arrived at site A late night and sale of fishes
are carried out in early morning. The sales of fishes almost
finish till 8 am.

Site B: Fish retailer market

The one of fish retailer market is situated near Mughulpura,
Lahore. The shops in this market sold fishes to consumers
between 8 am to 4 pm. Fishes came in this market from long
distant rivers/fish farms or from site A. The ice is used during
transportation and at storage place (hon-working old
refrigerator) in shops. Contamination in retailer shops may
occur due to unhealthy storage place, use bare hands to weigh
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and lack of appropriate packaging commodities for fish different sites were calculated and were expressed as colony-

transactions. The fishes sold to consumers on reasonable forming units per gram (CFU/g) of sample.

prices. The representatives of each colony were streaked and re-
streaked on TSA and Maconkey agar to obtain pure culture.

Site C: Fish superstores The slant of each pure culture was prepared and stored for
future use.

The samples of site C were collected from three superstores

belonging to multi-national chains. These stores sold fishes to C. Identification of bacterial isolates:

consumers with good hygienic practices, better preserving

facilities with good cost, less cross-contamination, better For identification of different bacterial strains at genus level,

sanitary conditions, proper handling, availability of ice and different biochemical tests were performed such as Gram's

cooling set up but with high price. staining, catalase, citrate, oxidase test, indole, methyl red and

vogues-proskeur [10].
B. Fish Sampling and Isolation of bacteria

D. Statistical analysis:

The present study was conducted to assess the microbiological The data were statistically analyzed by General linear model
quality of two freshwater fishes. Total 54 fishes (9 fish (GLM) in Minitab-16 software to find the effect of sampling
specimen from different shops of each market x 3 sites x 2 sites x fish species x organs of fish species interaction.
fish species) of comparable wet body weight was purchased, Tukey’s post-hoc test at P< 0.05 was used if there were more
kept in separate sterile containers with sterile gloves and than two means to compare for their significant differences.
transported in insulated boxes under ice to Fish Microbial The effect of this parameter was considered highly significant
Biotechnology Laboratory within 3 hours. Known weight if P<0.001, very significant if P<0.01 and significant if
samples of skin, gills and muscles from each fish specimen P<0.05.

were cut using sterile instruments under aseptic conditions to

prepared homogeneous sample (original solution) in saline IH.RESULTS

(0.89% NaCl) solution. The serial dilutions were prepared ] ] S

from original solution. Different known dilutions (100 pl) of In present study, total fifty-nine bacterial isolates were
each sample were spread on Tryptic soy agar (TSA) and recovered from sampling sites. These isolates up to genus
Maconkey agar and incubated the Petri plates at 30°C and level were identified employing biochemical tests. Fifty-three
37°C, respectively for 24 hours [9]. isolates were isolated on TSA medium belonging to seven
The Petri plates showed colonies within the range of >30 to genera  (Aeromonas,  Bacillus, ~Moraxella, ~ Shigella,
300 were considered and bacterial colonies were categorized Staphylococcus, Streptococcus and Yersinia). Six isolates
based on different morphological characters (shape, size, were isolated on Maconkey agar medium belonging to two
elevation, structure, surface, color, and opacity etc.). The genera (Enterobacter and Klebsiella) (Table 1).

morphological different bacterial colonies corresponding to
skin, gills and muscles of each L. rohita and W. attu of

Table 1: Identification of isolates up to genus level based on different biochemical tests.

Bacterial Genus Biochemical tests
Gram staining  Catalase Citrate Oxidase Indole Methyl Vogues
red Proskeur
TSA medium
Aeromonass - + + + + - +
Bacillus + + + - - - +
Moraxella - + - + - - -
Shigella - + - - - + -
Staphylococcus + + + - - + +
Streptococcus + - + + - + -
Yersinia - + - - - + -
Maconkey agar medium
Enterobacter - + + - - - +
Klebsiella - + + - - - +
Abbreviations: TSA: Tryptone Soy Agar, -: negative test, +: positive test
In present study, the bacterial load of all genera recovered on highest mean bacterial load (148.0+1.6 x10* CFU/g) of genus
TSA medium was highly significantly different (P<0.001) in Streptococcus was recorded in skin of L. rohita purchased
all organs (skin, gills and muscles) of both fish species from site A with genus wise order was Streptococcus >
purchase from three markets except genus Moraxella. The Shigella > Aeromonas > Staphylococcus> Bacillus>
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Moraxella> Yersinia (Table 2).

Bacterial isolates which were isolated on Maconkey agar
includes Enterobacter and Klebsiella. The genus Klebsiella
was recorded significantly high (P<0.001) in skin (217.2+10.8

ISSN: 1673-064X

x10* CFU/qg) of L. rohita purchased from site A in comparison
of other organs of L. rohita and W. attu. In general,
Klebssiella was dominant as compared to Enterobacter in all
samples (Table 3).

Table 2: Mean viable count (CFU/g x10*+SD) of different bacterial genus isolated from organs of different species from

different sampling sites on Tryptone Soy Agar.

Fish . Bacterial Genus

Species Sites Organ Aeromonas Bacillus Moraxella Shigella Staphylococcus Yersinia Streptococcus
A Skin 66.0+5.2° 46.0+0.4° 28.0+1.6° 105.6+7.2* 59.6+4.4* 26.4+4.8° 148.0+1.6*
B 50.0+3.6° 28.4+2.8° 23.6+2.8° 28.8+2.4¢ 25.6+2.4% 18.4+2.4° 54.8+3.6¢
C 15.6+2.8%" 28.0+2.4° 13.6+4.8%% 16.4+1.2% 15.2+3.2 11.2+0.8f 16.4+1.20"
A Gills 20.8+2.4¢ 25.242.8% 23.2+4.8® 46.4+0.8° 31.6+2¢ 18.0£2° 119.6+6°

L. rohita B 16.4+1.2°¢ 20.8+2.4% 17.6+2.4% 17.6+0.8% 22.4+4% 15.6+3.6™ 28.0+£3.291
C 12.0+3.2¢F 17.6+4% 12.4+2.8%f 14.8+2¢ 08.0+1.6" 07.62%¢ 14.045.297
A Muscles ~ 18.8+2.8% 16.0+£1.6%9 16.0+1.6>¢ 31.6+6° 20.8+2.4%f 12.4+20¢ 70.8+1.2¢
B 11.2+1.6% 14.4+2 4% 11.6+3.6°9 10.8+1.2°h 12.8+0.8¢%" 07.2+0.8%f 16.0+2.4°
C 10.8+0.4%9 10.8+2.8" 05.2+2 06.8+2"" 03.6+1.20 02.00.4%f 05.2+2%
A Skin 16.8+1.6°¢ 15.6+2¢ 27.6+2.8° 28.8+2.4¢ 40.8+2.4° 16.746.4° 51.6+1.2¢
B 12.8+2.4%f 14.0£1.2%9 17.2+2.8™ 24.8+2.4% 16.8+1.6%9 13.6+1.6"¢ 21.2+4.4%
C 10.4+1.6% 10.041.2% 12.8+2.4f 13.2+4.4%9 09.2+1.2M 11.242.4%¢ 06.4+0.8*
A Gills 16.0+0.8° 12.0£1.6°" 12.4+2.8%" 16.4+2.8% 25.2+2.8% 16.4+2.8™ 31.2+3.291

W. attu B 11.2+0.8%9 07.6x1.2" 11.2+1.6%9 11.2+2.4%" 08.0+0.8l 12.8+0.8%¢ 10.4£1.6"
C 08.8+1.6°¢ 04.0£1.6% 08.0+1.6%9 09.6+0.8%" 04.4+1.21 06.4+0.8%f 02.8+0.4
A Muscles  04.0+1.69 08.8+1.69% 08.8+1.6%9 05.2+0.4%" 14.8+1.27 10.0+2%¢ 14.8+2.8¢
B 03.2+0.8" 05.6+0.8" 07.6+1.2%9 04.0+0.8" 03.2+0.81 05.2+1.2°f 07.6x1.2"

C 01.6+0.8' 02.8+1.2¢ 04.0+1.6° 02.8+1.2" 02.8+1.2 01.6+0.8f 02.4+1.6
Significance level (p) *kKk Fkk NS *khk *khk *kk *kk

Means within same column with different alphabet differ significantly from each other (P<0.05). Here *, ** and *** represent significance at and

P<0.001, P<0.01 and P<0.05 respectively (Minitab 16 General linear model)

Abbreviations: A: whole sale market, B: retailer market, C: supers stores, NS: non significance (P>0.05)

Table 3: Mean viable count (CFU/g x10*+SD) of different
bacterial genus isolated from organs of different species
from different sites on Maconkey agar.

Fish . Sites  Organ Enterobacter Klebsiella
Species
A Skin 78.8+6.82 217.2+10.82
B 21.6%3.2% 185.6+8.8°
C 21.2+3.6 50.0+2.8f
A Gills 31.246.4° 202.0+2.8%
L. rohita B 16.0+1.6°¢ 120.8+16¢
C 15.6+1.2¢°¢ 39.2+8f
A Muscles  16.8+1.6% 195.248°
B 14.445.6%¢ 112.8+1.6¢
C 10.4+1.6%9 30.4+6.4f
A Skin 17.2+2% 141.6+9.6°
B 15.6+2.8%¢ 116.8+2.44
C 13.6x4¢f 40.8+1.6f
A Gills 13.2+3.6% 114.4+4.8¢
W. attu B 12.8+2.4%F 66.4+4°
C 08.4+1.2%¢ 35.6+4.4f
A Muscles 06.0+1.2¢9 112.8+1.6°
B 04.0+0.8f¢ 07.6+29
C 01.6+0.89 07.2+1.69
Significance level (p) <0.001 el el

Means within same column with different alphabet differ significantly from
each other (P<0.05). Here *, ** and *** represent significance at and
P<0.001, P<0.01 and P<0.05 respectively (Minitab 16 General linear model)
Abbreviations: A: whole sale market, B: retailer market, C: supers store

IVV.DISCUSSION

In present study, the bacterial genera (Aeromonass, Bacillus,
Klebsiella, Yersinia, Moraxella, Enterobacter, Streptococcus,
Staphylococcus and Shegilla) isolated from different organs of
both fishes from different sampling sites were remarkably
same. Arif et al. [11] reported that isolation of Staphylococcus
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aureus, Staphylococcus epidermidis, Pseudomonas spp.,
Escherichia coli and Klebsiella spp. from fish collected from
fish market of Peshawar. Sinha et al. [12] also reported the
presence of pathogenic bacteria such as Salmonella,
Staphylococcus, Aeromonas, Pseudomonas, E. coli,
Micrococcus, Streptococcus, Proteus, Klebsiella and molds in
L. rohita purchased from market. Among all vertebrates,
fishes are more susceptible to microbial contamination due to
its perishable content of protein [13].

In a present study, comparative analysis showed variation in
sampling sites, fish species and different organs. Samples of
fishes collected from site A (whole sale market/mandi)
showed higher mean bacterial count as compared to site B
(retailer market) and site C (super stores). The present results
are in line with the findings of other researchers [14]. High
microbial contamination in the fishes of whole sale market
(site A) might be associated with un-availability or delaying
of icing, improper handling, compactness, lack of hygiene and
contamination of water used for making ice [15]. The high
bacterial contamination in whole sale market may due to
staying of fish at ambient temperature with very low or
absence of ice which enhance the microbial attack on fish
[16]. The use of contaminated tap water for making ice in
unhygienic boxes may produce bacterial contaminated ice.
The contaminated ice is also one of source of bacterial
contamination in fishes. One of the major reason is lack of
cool chain management especially in whole sale markets [17].
The present study showed less bacterial count in retailer
markets (site B) in comparison to whole sale markets due to
some extent because of better handling and storage facilities.
During present sampling, damping of huge number of fishes
were observed at site A and site B. Big piles of fishes may
cause structural stress and proliferation of various microbes
cause the contamination in fishes. Contamination in retailer
markets may occur due to the transportation of low quality/old
strock of fishes [18]. While super-stores (site C) showed less
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bacteria in comparison to whole sale (site A) and retailer
market (site B) because of less cross-contamination, better
sanitary conditions, proper handling, timely transportation and
single line arrangements. Low level of cross-contamination
and the use of cooling facilities promotes reduction of
bacterial load of fishes in the super stores [19]. Super stores
may also gain attention by consumers due to good display in
tray, preserved with clean ice, clean surface and better
processing. Shewan [20] findings agreed with present study
who reported that freezing and cold storage reduced the
bacterial load on fishes.

A significantly high bacterial load in L. rohita was recorded as
compared to W. attu. The major reason of high bacterial load
in L. rohita might be due to having scales which harbors the
bacteria while in comparison to scale less fish, W. attu. Dash
et al. [21] supported the present results where W. attu having
less bacterial count in comparison to L. rohita and it could be
due to lack of having scaly skin but it secreted more
substantial amount of mucus than scaled fish, that enables it to
inhibit the colonization of bacteria in skin. The mucus
secreted by skin especially in scale less fishes acts as primary
immunological defensive barrier against the entry of bacteria
[22],[23]. Slippery nature of mucus also helps in preventing
the adherence and stable colonization of bacteria [24].

In present study, higher bacterial load was noted in fish skin
and the gills samples as compared to muscles. Skin and gills
of fish usually covered with mucus lining that mark as
interface between its body and environment and considered as
adhesive in nature which provide successful attachment of
substrate and bacteria [25]. It also has ability to trap and
immobilize the bacteria and other pathogens on their entry
[26]. Moreover, it acts as barrier against site of interaction
between the fish meat and bacteria hence, play a vital role in
the defense mechanism in fishes by acting as a biological
barrier [27],[28]. Similarly, high bacterial loads on the skin of
Tilapia (Oreochromis niloticus) was recorded when compared
with the bacterial load on intestines and gills [29]. Adebayo—
Tayo et al. [30] also reported similar observations. The
highest bacterial load in the outer layer of skin occurs due to
the direct contamination during capturing or transportation
and storage [31]. The findings of present study supported by
another study [29] in which gills were found in lowest
bacterial count as compared to skin and intestine. The
microbes present on the exterior surfaces of fish such as slime
of skin and gills are considered to be potentially spoiler. The
spoiler microbes are preventing away from proliferation and
invasion in to the fish through its natural defense mechanism.
Just after the capturing or death of fish, its defense mechanism
breaks down and microbes proliferate in the tissue of fish to
destruct its nutritional properties [32]. Normally, fish flesh is
considered to be sterile or free of microbes, when alive. The
contamination of fish flesh may result from rupturing of fish
intestine during poor processing or inadequate washing are the
causative agent for invasion of bacteria in muscles [33], [34].
In present study, genus recovered on TSA signifies (P<0.001)
the highest bacterial load of Streptococcus in skin of L. rohita
from site A (whole sale market/mandi) followed by Shigella,
Aeromonas, Staphylococcus, Bacillus, Moraxella and least
with Yersinia. While on Maconkey agar, Klebssiella was
found significantly higher in the skin of L. rohita collected
from site A as compared to Enterobacter. Similarly, the
predominant genera Staphylococcus and Streptococcus were
isolated from tissues of fish captured from different locations
of Nigeria river [35]. The Staphylococci and Streptococcus
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were also isolated from Cuttlefish muscles and skin [36].
Similar results were also reported by other researchers [37],
[38]. Staphylococcus and Streptococcus is normal flora of
humans but their presence in fish organs indicates the
contamination through un-hygiene handlings [39]. In present
study, genus Aeromonas was isolated from all fish organs
(skin, gills and muscles). The highest mean CFU/g (66.0+5.2
X 10%) of Aeromonas were recorded in skin of L. rohita and
minimum (1.6+0.8 x 10* CFU/g) Aeromonas were recorded in
muscles of W. attu. Sami et al. [36] also reported incidence of
Aeromonas in fish gills, muscles and skin. Some species of
Aeromonas became emerging pathogens not only at the
ambient temperature but also under the cold storage
conditions [40]. Aeromonas is not only fish pathogen but also
an opportunistic pathogen which cause diseases of
gastroenteritis, septicemia, and traumatic and wound
infections in human [41]. Aeromonas also cause food spoilage
by producing lipases and proteases [42].

In present study, genus Bacillus ranged between 46.0£0.4 to
02.8+1.2 was recorded in different organs of both fish species
collected from different sampling sites. Shinkafi and Ukwaja
[29] reported the Bacillus pumilius from skin and gills of
Oreochromis niloticus sold at central market Sokoto. Latha
and Ramachandra [43] isolated bacterial genera
(Pseudomonas, Acienitobacter, Lactobacillus, Aeromonas,
Bacillus, Enterobacteriaceae, and Micrococcus from fish
organs (gills and skin) of the fish Glossogobius giuris. The
presence of family Enterobacteriaceae includes Yersinia,
Klebsiella, Shegilla and Enterobacter in the fish and fish
organs might be due to fecal contamination or contamination
from aquatic environments during processing, handling and
transportation where they survive for a long duration (months)
and cause gastro-intestinal diseases [44]. Toxins produce by
Moraxella, Bacillus, Aeromonas, and Micrococcus spp in the
fish cause the spoilage of food and infections in human [45].

V.CONCLUSION

Higher bacterial count in both fish species (Labeo rohita and
Wallago attu) collected from whole sale market (site A) were
recorded in comparison to fish retailer market (site B) and
super stores (site C). The dominated bacterial genera were
Klebsiella, Shigella, Enterobacter, Yersinia, Aeromonass,
Bacillus, Streptococcus and Staphylococcus isolated from
both species may associated with fish spoilage and human
iliness. Among the fishes, scaleless fishes are less prone to
bacterial susceptibility because fish scales harbors and
facilitate the bacterial invasion.
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