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Abstract

The present study was conducted to detect the bacterial contamination of Nile tilapia Oreochromis niloticus
collected from super shops and local market of Bangladesh. The sample specimens were collected from three
super shops in Dhaka city viz. Agora, Shwapno and Prince Bazar and one local market (Savar Bazar). Samples
were analysed to determine some pathogenic bacterial genera through the isolation and enumeration from
different organs. The isolates were identified as Escherichia coli, Salmonella spp., Shigella spp. and Vibrio spp.
by conventional culture method, biochemical tests and PCR assay. Total Viable Bacterial Counts (TVBC) were
also determined. Fishes were found to be contaminated within a range between 6x10" to 1.6x10° cfu g_l. The
load of E. coli and Shigella spp. were higher than that of Salmonella spp. and Vibrio spp. in all the studied
samples. The study concludes that more precautions are required for personnel hygiene during fish processing
and handling in order to prevent assemblage of pathogenic bacteria in super shops as well as local fish markets

of Bangladesh.
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1 | INTRODUCTION

There are a large number of different types of inland wa-
ter bodies which develop Bangladesh as one of the lead-
ing countries of the world for freshwater aquaculture
(Islam and Habib 2013). It has been reported that Bangla-
desh is the third freshwater fish producing country in the
world (DoF 2018). Fisheries sector contributes 60% of
animal protein to the diet and 8% to total export earnings
in Bangladesh (Noor et al. 2013).

Microbiological quality study of fish has great importance

to public health as it is directly related to spoilage of fish
and causes food poisoning. Microbial hazards causing
infections and poor health which are closely related to
food security concerning with animal proteins derived
from marketed food such as fish, fishery products, meat
and meat products. This poses a burning question for all
consumers with high-risk products related to pathogenic
bacterial contaminations concerning for food security
challenges. Food borne disease results from the ingestion
of bacteria and the toxins produced by microorganisms
present in the marketed food, and the severity of the
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symptoms may vary with the amount of the contaminat-
ed food ingested and susceptibility of the individuals to
the toxin (Clarence et al. 2009; Nilla et al. 2012). Bacterial
infestation may be considered the most important cause
of fish mortality (El Deen et al. 2014). Every year a large
amount of fish spoils due to the infestation of many
pathogenic bacteria including Aeromonas hydrophila,
Citrobacter freundii, Escherichia coli, Vibrio spp., Salmo-
nella spp., Shigella spp., Streptococci spp. and Staphylo-
cocci spp. (Noor et al. 2013). Aquatic habitat and trans-
portation problem is mainly responsible for the microbial
contamination in fish (Frazier and Westhoff 1978). Any
mishandling of fish and fish products can lead to the
transmission of the pathogen to humans (Apun et al.
1999).

Tilapia is one of the most common fishes in Bangladesh as
well as entire world. Nile tilapia Oreochromis niloticus is
the most common farmed species around the world and
it is the most commercialized fishes because of its high
rate of growth and consumer preferences (Mortuza and
Al-Misned 2013). For the first time, it was introduced to
Bangladesh from Thailand in 1974 by the United Nations
International Children Emergency Fund (UNICEF) and later
by the Bangladesh Fisheries Research Institute (BFRI)
(Rahman 1985; Gupta 1992). These are freshwater spe-
cies but most of these fishes are able to tolerate a wide
range of salinity. It can grow and reproduce in a wide
range of environmental conditions and tolerate stress
induced by handling (Tsadik and Bart 2007). It is the most
important fish in aquaculture after carp and salmon (El-
Sayed 2006) and considered a model to reduce the gap in
aquaculture nutrition (Kapinga et al. 2014). However,
microbial association is much common in Nile tilapia and
studies have showed that different organs of this species
carry a wide variety of bacteria (Mandal et al. 2009; Eissa
et al. 2010).

The super shops in Bangladesh are mainly concentrated in
densely populated urban areas. People are highly inter-
ested to move on super shops for their daily shopping.
Hassle-free shopping environment, fixed price, one stop
service, brand image, quality commodities and conven-
ient location are the key factors provoking the customers
to visit the super shops. In Bangladesh super shops have
special section for fish selling and equipped with ice, dis-
play tray, electric balance, uniformed salesman and at-
tractive packaging. Thus, it is believed that the chance of
microbial contamination is relatively lower in super
shops. On the other hand the local fish market are well-
known for the damp and unhealthy environment, poor
storage, display and packaging facilities which may be an
effective source of microbial contamination (Begum et al.
2010).

There is limited data on fish microbial research in Bangla-
desh. A recent study highlighted a comparative microbio-

J Fish 8(2): 784-791, Aug 2020; Sarkar et al.

logical assessment in some selected fish from two differ-
ent markets of Dhaka city (Begum et al. 2010). Another
study by Noor et al. (2013) assessed microbiological as-
sessment of major sea fishes found in local markets of
Dhaka city. However, none focused on the microbiological
study in super shops Tilapia. Therefore, the aim of the
present study was to isolate pathogenic bacteria in tilapia
collected from super shops and local markets in Dhaka,
Bangladesh.

2 | METHODOLOGY
2.1 Sample collection

Adult tilapia (N = 33, mean (£ SD) length 28 + 3.35 cm)
were collected from each of the three super shops and
Savar local fish market (23°51'30”N 90°16'00"E) between
March and May 2018. From every super shop, we collect-
ed three sample specimens and all the shops were visited
two times during the study periods. From Savar local fish
market five sample specimens were collected every time
and the market was visited three times. All the samples
were collected early in the morning and immediately
transported to the Department of Microbiology, Jahang-
irnagar University, Savar, Dhaka, Bangladesh using an
insulated ice box to avoid any change in the quality due to
microbial degradation.

2.2 Sample processing

Three different parts (muscles, gills and intestines) were
randomly taken to determine the presence of four patho-
genic bacteria such as Escherichia coli, Salmonella spp.,
Shigella spp. and Vibrio spp. following standard methods
(Okoro et al. 2006; Begum et al. 2010). Briefly, portion of
gill, muscle and intestine were dissected using sharp knife
rinsed with 70% ethanol and burnt to prevent cross con-
tamination. Each sample was cut finely under complete
aseptic conditions. Then, 1 g of each sample was weighed
and transferred into a sterile screw cap tube containing 9
ml of autoclaved distilled water. Mixtures of screw cap
tube were mixed properly using a vortex machine for 5
minutes at room temperature. 1 ml of the original dilu-
tion (107") was transferred to 9 ml of autoclaved distilled
water to prepare further decimal dilutions up to 10>,
Then these diluted samples were spread on Nutrient agar,
MacConkey agar, Salmonella Shigella (SS) agar and Thio-
sulphate Citrate Bile Salt Sucrose (TCBS) agar for colony
count. The media used in this study were selected on the
basis of experience of the past researchers (Noor et al.
2013; Abbas 2014).

2.3 Enumeration of Escherichia coli, Salmonella spp.,
Shigella spp. and Vibrio spp.

An aliquot of 100 pl of each serial dilution was spread on
the petriplate containing different medium using a sterile
spreader. Then all plates were incubated at 37°C for 24 to
48 hours after Kapute et al. (2012). The colonies of bacte-
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ria appeared to be pink, black centred, transparent and
yellow or green in the medium after incubation. Follow-
ing incubation, number of colony was counted in cfu g_:L
units (Cappuccino and Sherman 2005). Total viable bacte-
rial count (TVBC) was observed in Nutrient agar media.

2.4 Isolation of pure bacterial colonies

To isolate pure colonies of bacteria, streaking was done
onto nutrient agar plates. After streaking the plates were
incubated at 37°C for 24 to 48 hours.

2.5 Gram staining

Gram staining is a quick procedure used to look for the
presence of bacteria in tissue samples and to characterise
bacteria based on the chemical and physical properties of
their cell wall. Briefly, a loop full of tap water was placed
on a slide. A small amount of sample of the colony ob-
tained from fresh overnight culture was transferred to
the drop to get a thin smear. Then the sample was air
dried. Crystal violet solution was added for one minute
and washed briefly with tap water. Slide was flooded with
Gram’s lodine solution and allows acting for about one
minute and washed with tap water. The smear was then
decolorized with 95% ethyl alcohol drop by drop until
crystal violet fails to be washed out from the smear. Then
slides were flooded with safranin solution and allowed
counterstaining for 30 seconds and again washed with
water. All the slides of bacteria were examined under the
oil immersion lens (100X) using a light microscope.

2.6 Biochemical tests

Biochemical tests were used for the identification of bac-
teria species based on the differences in the biochemical
activities of different bacteria. All the isolates were pre-
sumptively identified using biochemical methods such as
catalase test, citrate utilisation test and triple sugar iron
(TSI) agar test.

Catalase test: The catalase test is also one of the main
three tests used by microbiologists to identify species of
bacteria. It is a basic test to differentiate between gram
positive Staphylococci and Streptococci. Catalase is pro-
duced by certain bacteria, which acts as a catalyst in
breakdown of hydrogen peroxide into water and oxygen.
The tests were conducted following the method as previ-
ously described (Bitton and Dutka 1983). Briefly, a small
amount of bacterial colony was transferred to a surface of
clean, dry glass slide. A drop of 3% H,0, was placed on to
the slide and mixed well. A positive result was observed
with the rapid evolution of oxygen (within 5-10 seconds)
as evidenced by bubbling.

Citrate utilization test: Citrate agar was used to test an
organism’s ability to utilise citrate as a source of energy.
The medium contains citrate as the sole carbon source
and inorganic ammonium salts as the sole source of ni-
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trogen. When the bacteria metabolise citrate, the ammo-
nium salts are broken down to ammonia, which increases
alkalinity. The shift in pH turns the bromothymol blue
indicator in the medium from green to blue above pH 7.6.
Simmon’s citrate agar media was used in citrate utilisa-
tion test (Ghosh et al. 2002). Briefly, Simmons citrate agar
were inoculated lightly on the slant by touching the tip of
a needle to a colony that was 18 to 24 hours old and in-
cubated at 37°C for 18 to 24 hours. A colour change from
green to blue along the slant was observed.

TSI test: This test was used to determine if bacteria could
ferment glucose and lactose or sucrose and if they could
produce hydrogen sulfide and other gases. These charac-
teristics help distinguishing various Enterobacteriacae. On
TSI, a yellow slant indicated the organism capable to fer-
ment lactose or sucrose and a yellow butt capable to fer-
ment glucose. Black precipitate in the butt indicated H,S
production. Production of gases other than H,S was indi-
cated either by cracks or bubbles in the media or the me-
dia being pushed away from the bottom of the tube
(Cappuccino and Sherman 2005). Briefly, TSI media were
allowed to warm at room temperature prior to inocula-
tion. A pure culture of the organism was obtained to be
tested. With an inoculating needle, the well-isolated col-
onies were picked from solid media. Then the centre of
the medium was stabbed into the deep of the tube within
3-5 mm from the bottom. Withdrawing the inoculating
needle and the surface of the slant was streaked and in-
cubated aerobically at 37°C for 18 to 48 hours. The tubes
were observed for acid production of the slant/butt, gas,
and hydrogen sulfide reactions (Dorella et al. 2006).

2.7 Molecular Characterization
2.7.1 Boil DNA extraction

Freshly cultured bacterial colony was used in every 1.5 ml
eppendrof tube containing 500 pl of sterile distilled water
and mixed properly by vortex machine. Then the mixture
was heated in a heating block (Grant QBT1) at 100°C for
10 minutes. After heating it was cooled at 0°C for 10
minutes. Tubes were then placed in a centrifuge machine
and centrifuged for 8 minutes at 13000 rpm. Supernatant
from those tubes were then collected by micropipette
into new fresh tubes which were used as template DNA
and stored at —20°C until further analysis (Dashti et al.
2009; Uddin et al. 2019).

2.7.2 PCR assay

Universal primers for bacterial 16S rRNA gene 8F (5'-AGT
TTG ATC CTG GCT CAG-3') and 1492R (5'-ACC TTG TTA
CGA CTT-3’) were used for PCR. PCR mix was prepared
with the addition of G2 green master mix, nuclease free
water, forward primer, reverse primer. 21 pul mixture and
4 ul template (DNA from boiling method) were trans-
ferred into the PCR tube. PCR mix was prepared by main-
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taining ice-cold condition. After mixing the mixture was
centrifuged briefly to spin down the contents. Negative
control reaction was also performed (Joshi and Desh-
pande 2010). The PCR tubes were then placed in a ther-
mal cycler. All the PCR tubes containing mixtures were
heated at 94°C for 4 minutes in the thermal cycler to en-
sure the denaturation of all DNA templates, followed by
94°C for 30 sec, 50°C for 30 sec 72°C for 45 sec and then
36 cycles of these segments were repeated with a final
extension of 8 minutes at 72°C. Finally 5ul PCR products
were subjected to 1% agarose gel electrophoresis.

2.7.3 Agarose gel electrophoresis

The amplified products were visualized by horizontal elec-
trophoresis in 1% (for 16S rRNA gene) of agarose gel with
a 100 bp DNA ladder (Promega, USA) was prepared in 1X
TAE buffer. The gel was viewed by UV-Trans-illuminator.

3 | RESULTS

Four genera of bacteria including E. coli, Salmonella spp.,
Shigella spp. and Vibrio spp. were isolated from all the
studied fish samples. These pathogens from various or-
gans of fish samples were also enumerated. The load of E.
coli and Shigella spp. were higher than that of Salmonella
spp. and Vibrio spp. in fish samples.

3.1 Colony characteristics

On MacConkey agar plate, colonies of E. coli were found
medium, circular and pink in colour. On SS agar plate col-
onies of salmonella were found fine, semi-transparent
with black centred and colonies of Shigella were found
medium, rounded and colourless. On TCBS plate, colonies
of Vibrio were found medium, rounded, yellow and green
in colour. Colonies that were found on nutrient agar plate
was in great variation including white or yellow in colour
and large, small, medium, pinpoint, irregular and rounded
shape.

3.2 Total viable bacterial count (TVBC)

The TVBC of different organs of sample in different super
shops and local market were ranged from 6x10" to
1.6x10° cfu g~* (Table 1) and bacterial count was higher in
local market than that of super shops (Figure 1).

3.3 Morphological characterization

All isolates were tested for gram reaction and observed
under light microscope with 100X magnifications. Immer-
sion oil was also used for clear observation. The samples
were gram negative as pink colour was seen because
gram negative bacteria retain safranin stain during the
decolourisation process (Table 2).

3.4 Biochemical characterisation

All isolates were characterised by biochemical tests. The-
se tests were citrate utilisation test, catalase test and tri-
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ple sugar iron agar (TSI) test (Table 3).

TABLE 1 Microbiological assessment of fish samples collect-
ed from three super shops and a local fish market.

Sampling Source  Microbial count (cfu g™) Occurrence

sites

TVBC E. coli Shigella Vibrio Salmonella
spp. SPp.  spp.

Local Muscle 1.6x10° 1.2x10° 4x10*  2x10* =

market

Intestine 1.5x10° 2.7x10° 3x10*  5x10* =

Gill 6x10* 8.4x10° 6x10* 9x10* +

Agora  Muscle 4.3x10° 9x10* 5x10"  1x10* =
Intestine 7.8x10° 2.2x10° 3x10*  2x10* =

Gill 3.6x10° 5.6x10° 6x10*  4x10* =

Swapno Muscle 4.7x10° 7x10° 3x10* 3x10* =
Intestine 6.9x10° 1.9x10° 4x10"  2x10* =

Gill 4.7x10° 6.5x10° 7x10*  5x10* =

Prince  Muscle 5.1x10° 1x10* 2x10* 3x10* =

Bazar . 5 4 4 4
Intestine 7.6x10° 2x10° 3x10 1x10" =

Gill 2x10°  1x10" 7x10* 1x10* =

Total Viable Bacterial Count (TVBC), colony forming unit (cfu),
‘t’ or ‘=" reveals the presence or absence of Salmonella spp.

7

6

S m Muscle
4 M Intestine

=3 Gill

2

1

0 -

Agora  Shawpno Prince Local
Bazar market

Log value (cguw/g)

FIGURE 1 Showing comparative analysis of TVBC in three
different organs of fish sample collected from super shops
and local market.

7
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B Muscle
4
u Intestine
3 .
2 Gill
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Agora Shwapno Prince Bazar Local market

Log value (cfu/g)

FIGURE 2 Showing comparative analysis of total E. coli count
in three different organs of fish sample collected from super
shops and local market.
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FIGURE 3 Showing comparative analysis of total Shigella spp.
count in three different organs of fish sample collected from
super shops and local market.
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Agora Shwapno Prince Bazar Local market

FIGURE 4 Showing comparative analysis of total Vibrio spp.
count in three different organs of fish sample collected from
super shops and local market.

TABLE 2 Colony morphology and microscopic observation of
isolates.
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TABLE 3 Biochemical characterization of bacteria isolated
from fish samples.

ID Catalase Citrate  Triple sugar iron agar test(TSI)
Slant Butt H,S Gas
A + - Yellow Yellow - -
B + - Yellow Yellow - -
C + - Yellow Yellow - -
D + - Yellow Yellow - -
E + - Red Red - -
F + + Red Yellow - -
G + - Red Yellow - -
H + - Red Yellow - -
I + + Red Yellow - -
J + - Red Red - -
K + + Yellow Yellow - -
L + + Yellow Red s =
M + + Yellow Red - -
N + + Yellow Yellow - =

Sample Size Shape Colour Texture Cell Gram
ID form staining
A Medium Round  pink Smooth Rod -
B Medium Round  pink Smooth Rod -
C Small Round  Pink Smooth Rod -
D Large Irregular Whitish Mucoid Rod -
E Medium Round  Colourless Smooth Rod -
F Large Round  Black Smooth Rod -
G Medium Round  Whitish Smooth Rod -
H pinpoint Round  Colourless Smooth Rod -
| Medium Round  Blackish ~ Smooth Rod -
J Pin point Round  Reddish ~ Smooth Rod -
K Medium Round  Green Smooth Rod -
L Medium Round Yellow Smooth Rod -
M Medium Round  Yellow Smooth Rod -
N Medium Round  Green Smooth Rod -

~’ sign reveals the negative results of Gram staining.

‘+’ and =" signs reveal the positive and
negative results respectively.

Isolates from different plates were characterised. Based
on their characteristics four different genera were identi-
fied. After microscopic (morphological) and biochemical
characterisation we may presume that isolate A, B, C, and
D were E. coli, isolate E, G, H and J were Shigella spp.,
isolate F and | were Salmonella spp. and isolate K, L, M
and N were Vibrio spp.

3.4 Molecular Identification of the isolates

Templates DNA from eight isolates were subjected to
amplification of their 16S rRNA gene using universal pri-
mers 8F and 1492R. The amplified products were visual-
ized in Agarose gel electrophoresis under UV light exhib-
ited amplification of approximately 1484 bp product. 100
bp DNA ladder was used (Figure 5).

4 | DISCUSSION

Fishery products have been recognised as a major carrier
of food-borne pathogens (Yiicel and Balci 2010). Patho-
genic bacteria which are associated with fish and fishery
products can be categorised into three general groups (a)
indigenous bacteria that belong to the natural microflora
of fish (Clostridium botulinum, pathogenic Vibrio spp.,
Aeromonas hydrophila), (b) enteric bacteria (nonindige-
nous bacteria) that are present due to faecal contamina-
tion (Salmonella spp., Shigella spp., pathogenic Escherich-
ia coli, Staphylococcus aureus), and (c) bacterial contami-
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nation during processing, storage or preparation for con-
sumption (Bacillus cereus, Listeria monocytogenes, Staph-
ylococcus aureus, Clostridium perfringens, Salmonella
spp.) (Rehbein and Oehlenschlager 2009).

o

=]
-

-

]
o
o
A1)
<
=z
(=]

v« A B E F I J] M N

FIGURE 5: Universal 16S rRNA PCR for isolates. 100 bp DNA
ladder marker and negative control was used. Among the 8
isolates, strongly positive results were seen in four isolates.

Most of the cases bacterial count was always higher in
local market than that of super shops (Table 1). The total
bacterial load of different parts of fish from different su-
per shops and local market ranged from 6x10" to 1.6x10°
cfu g™ or 4.78 to 6.2 log cfu g™ The results depict that
the microbial load in tilapia is higher in local market than
the super shops (Table 1; Figures 1-4). Fish in super shops
was found with the highest TVBC of 7.8x10° cfu g " and it
was 1.6x10° cfu g™ for fish from local market. In super
shops and local market microbial load was mostly associ-
ated with intestine and muscle respectively. Kapute et al.
(2012) assessed quality of Lake Malawi Tilapia from local
and super markets in Malawi and their study revealed
that fish from local markets had significantly higher num-
bers of TVBC (9.5><108 cfu g_l), which were above the ac-
ceptable limits compared to fish from super markets
(2.7><1O5 cfu g_l). Begum et al. (2010) conducted another
study and found the highest TVBC in super shops com-
pared to local markets. Sewan (1970) reported that pro-
cessed food and food products are considered to be
spoiled when TVBC reaches at 10° g_1 or more. This TVBC
value is commensurate with our findings.

The load of E. coli in different organs ranged between
1x10* and 8.4x10° cfu g or 4.00 and 5.92 log cfu g™
which exceeded the limit of 1.0x10” cfu g_l. The highest
number of E. coli was found in the fish sample collected
from local fish market (Savar Bazar) and the lowest was
recorded in fish from Prince Bazar super shop. The high-
est E. coli in fish from super shops and local markets were
found 6.5x10° cfu g " and 8.4x10° cfu g respectively (Ta-
ble 1). The data postulates that gill is the top E. coli carrier
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in both super shops and local market except Prince Bazar
(Figure 2). Another study reported that the highest num-
ber of E. coli was found in local markets (9.5x10” cfu g_l)
and the lowest in super shops (2.2x10" cfu g*) (Kapute et
al. 2012). Similar results were found in our study. The
highest number of E. coli in local market may be due to
lack of proper hygienic condition. Mandal et al. (2009)
conducted another study in which they investigated the
abundance of coliform bacteria in Nile tilapia sampled
from different sources. In their study the highest density
of total E. coli was measured in the intestine
(1.45+0.19x10° cfu g_l). In our study, the highest E. coli
measured in the intestine of local fish market and super
shops were 2.7x10° and 2x10* to 2.2x10° respectively.
Intestine of our fish samples were more contaminated
with E. coli than those studied by Mandal et al. (2009).
Although E. coli is an inoffensive inhabitant of the gastro-
intestinal tract, but it also has the pathogenic capacity to
cause significant diarrheal and extra intestinal diseases
(Croxen et al. 2013). So we have to be more careful about
this enteric pathogen.

Salmonella is a highly pathogenic genus of bacteria. Sal-
monella food poisoning is only occasionally involved with
fish and fisheries (Varnam and Evans 1991). In our study
we observed Salmonella qualitatively and it was absent in
all the fish samples of super shops but observed in gills of
fishes collected from local market. According to ICMSF
(1986) Salmonella spp. should not be present in fish and
fishery products. Therefore, it can be said that environ-
ment of the local market was not good enough to main-
tain the health of fish. Begum et al. (2010) found that fish
samples of local markets were more contaminated with
Salmonella spp. than fish samples of super shops. Anoth-
er study showed that load of Salmonella spp. in Tilapia
samples from super shops and local markets were 2.4x10°
cfu g and 9.6x10° cfu g respectively (Kapute et al.
2012). So, the results of our study highlighted that the
environment of super shops is much better than local fish
markets to resist the propagation of Salmonella spp.

Vibrio is another genus of gastrointestinal microorganism
(Al-Harbi and Uddin 2004). Fish infected with Vibrio may
cause infection to consumers (Begum et al. 2010). In our
study, the load of Vibrio spp. in different parts of fish
sample from different super shops and local fish market
ranged from 1x10* to 9x10* cfu g_1 or 4.00 to 4.95 log cfu
g™ (Table 1). The highest number found in local fish mar-
ket and the lowest number in super shop Agora (Figure
4). Our data revealed that Vibrio is abundant in gill and
less in muscle (Figure 4). According to Kapute et al. (2012)
load of Vibrio associated with Tilapia samples collected
from super markets and local markets were enumerated
as 8.8x10° cfu g " and 4.7x10” cfu g *. Another compari-
son between samples of local market and super shops
were done by Begum et al. (2010) and they observed Vib-
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rio spp. qualitatively. Similarly their study also represent-
ed that fish from local markets were more contaminated
with Vibrio spp. than super shops. International Associa-
tion of Microbiological Societies recommended that fresh
and frozen fish should be free of Vibrio. But in our study
revealed that microbial quality of both local market and
super shops were not so good due to the presence of
Vibrio spp.

The load of Shigella spp. in different organs ranged from
3x10" to 7x10” cfu g™ or 4.30 to 4.85 log cfu g * (Table 1).
In case of Shigella spp. 1x10” cfu g ' is the acceptable
limit (ICMSF 1986). In our study, values are higher than
the acceptable limit. The highest number was found in
super shops. Gill was the top carrier and muscle was the
lowest carrier of the bacteria (Figure 3). This is the only
exceptional organism that was found most in super shops
samples. It indicates the lack of proper hygiene in super
shops.

The highest number of bacteria found in muscles of local
market fish that is highly risky to the consumers because
only muscle is the edible part of a fish. But during han-
dling and processing of fish, microorganisms may take
entry into human body from the intestine and gill of the
fish. The overall results of our study demonstrated that
microbial condition of Tilapia from three selected super
shops were good in comparison with local market as they
showed lower counts in most microbial parameters. The
examination also indicates that fish of local market has
the chance to transfer various types of pathogens to the
consumer.

Availability of enteric pathogenic bacteria species in the
fish from both super shops and local markets may be a
clear preface of cross contamination due to lack of sani-
tary standards and mishandling by the salesman (Mhango
et al. 2010). This study echoed a report by Huss (1995)
that the most important element in assuring final product
quality of fresh fish between capture and delivery to the
consumer is proper handling. Though fishes of super
shops have better cold storage facilities, bacterial quality
in super shop is better than local market (Begum et al.
2010).

The prevalence of microorganisms in fish products might
be due to water pollution, fish feed quality, anthropogen-
ic activities, mishandling, transportation and storage con-
dition. In freshwater aquaculture, microbial load may be
increased in water by different factors such as quality of
the supplied water and environmental conditions.

5 | CONCLUSION

Based on the findings of our study, it can be concluded
that fish obtained from both local market and super
shops had compromised sanitary and hygiene conditions
and not safe to consume since the examined microbial
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load are always higher than the recommended levels.
Therefore, to improve the situation it is imperative to
follow the conduct of handling of catch, icing, storage and
hygienic measures (Begum et al. 2010). Besides, it is nec-
essary to practice HACCAP steps to ensure food security
of fish fishery products at local markets and super shops.
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