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Abstract: This study investigated the abundance of coliform bacteria in Nile tilapia sampled from different
sources. Densities of total aerobic bacteria, total coliform (TC), faecal coliform, (FC) and Escherichia coli were
measured from different organs of Nile tilapia sampled from pond, gher and market using serial dilution and
spread plate techniques. Significant differences were observed in various parameters of bacterial density
between and within different organs of Niletilapia (p<0.05). Significantly higher density of faecal coliform was
detected in the muscle, gill and intestine in Nile tilapia sampled from pond than that of market. The highest
density of total aerobic bacteria (8.81 + 0.45 x 10°cfu/g), TC (3.00 + 0.20 x 10*cfu/g) and Escherichia coli
(1.45 £ 0.19 x 10° cfu/g) were measured in the intestine and FC (3.00 £ 0.67 x 10° cfu/g) in the gill of Niletilapia
sampled from market. Findings of the present study suggest that Nile tilapia may be faecally contaminated
during culture period, storage and transportation and unhygienic marketing.
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INTRODUCTION

Nile tilapia is an dien fish introduced in
Bangladesh in 1974 from Thailand [1]. Because of their
faster growth rate, tolerance to harsh environment and
ease culture technique, tilapia offers the possibility of
commercia and home-grown protein sources where wild
capture fisheries are being depleted. Tilapia is more
suitable for culture in the shallow and small ponds. Nile
tilapia can tolerate, grow and even reproduce in saline
waters with an optimum level 10-20 %o [2]. Tilapia
aso grows well in brackish water attaining 200-350 g
in 4 to 6 months [3]. Nile tilapia has potential in
Bangladesh as an dternative and additional species
among farmed fishes [4].

Most of the tilapia production in Bangladesh
comes from aguaculture which largely depends to a
greater extent on aquatic environment. Water
quality is the main factor that determines the
degree of production. Contaminated water is not suitable
for aquaculture. Contamination may result from rupturing
fish intestine during poor processing or inadequate
washing.

It has been suggested that intestinal microflora
is the causative agent for food spoilage [5].
Contamination of fish from enteric bacteria of human or
animal origin may aso be responsible for various food
spoilages [6]. Fish take a large number of bacteria into
their gut from water, sediment and food [7]. In a previous
study it has been demonstrated that the bacterial flora
in fish reflects the aquatic environments [8]. It has been
well known that both fresh and brackish water fishes
can harbor human pathogenic bacteria, particularly the
coliform group [9-11]. Faecal coliforms such as
Escherichia coli usualy originate from faeces of warm
blooded animals. Faecal coliform in fish demonstrates the
level of pollution of their environment because coliforns
are not the normal flora of bacteriain fish[12]. The enteric
bacilli include E. coli, Klebsiella spp. Citrobacter spp.
Enterobacter spp., Serratia spp. and Edwarsiella spp.
[12]. However, bacterial density in Nile tilapia sampled
from pond, gher and market has never been reported.
Thus the present study was designed to investigate the
occurrence of viable coliforms quantitatively in different
organs of Niletilapiareared in ponds, ghers and waters of
the same.
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MATERIALSAND METHODS

Nile tilapia (28.72+5.35 cm; 519.38+259.10 g,
meantSEM) was drawn from four different ghers in
Satkhira, a South-western district of Bangladesh
which is nearly 483 km away from the capita city
Dhaka and pond in Chandpur of central Bangladesh.
The ghers and ponds were at different locations with
variable physical properties (Table l1la and b).
Tilapia was aso sampled from Kachukhet and
Farm gate fish markets of Dhaka metropolis. Samples
from muscle, gill and intestine were separately
examined for each specimen. Geographical location
was determined by using a GPS meter (GPS 12,
GARMIN Olathe, KS, USA).

Collection of Fish and Water Samples: Tilapia was
collected from four different ghers and ponds. Water
samples were drawn in sterile 500 mL bottles from two
different sites of each gher and pond and brought to the
laboratory in icebox maintaining temperature at 4°C [13].
Both fish and water were transported directly to the
Environmental Microbiology Laboratory of ICDDR,B inan
insulated box filled with cool packs (Johnny Plastic Ice;
Pelton Sheperd, Stockton, CA, USA) within 6-8 hours of
sampling at 4°C. Fish were caught by Ghuni, a local
fishing gear and by cast net. The study was conducted
during April to September 2008. Sampling was drawn
between 1:30 and 4:00 pm.

Processing of Fish Samples. Samples were processed for
bacteriological analyses within 8-12 hours of sampling
following aseptic techniques. Market fish were analyzed
within 2-4 hours of collection.

Total Aerobic Bacteria: Luria agar (a nutrient agar)
was used to prepare the culture medium. A sub-
sample of 1 g was taken from homogenized tissue of
each sampleand mixed with 9 mL sterile PBS solution to
prepare a 10G' dilution. Then, subsequent serial
dilutions were prepared from 10G* to 10G°. The spread
plate method was used to enumerate the total bacterial
density [14]. A sub-sample of 100 pyL samplesfrom
each dilution with three replicates was used to count
bacteria as colony forming unit (CFU) per g of sampled
fish. Bacterial density as cfu/g for 3 replicates
were initially averaged and used for final calculation.
All equipment and chemicals used were sterilized properly
prior to use.

Table 1(a): Location and physical criteria of the ghers

Gher Latitude Longitude Area(ha) Water depth (ft)
1 22°40.264' N 89°8.735' E 25 35

2 22°40.239' N 89°8.731' E 20 2-4

3 22°40.241' N 89°8.725' E 4.0 35

4 22°40.251' N 89°8.740' E 6.5 4-5

(b): Location and physical criteria of the ponds

Pond Latitude Longitude Area (ha) Water depth (ft)
1 23°19.715'N 90°40.720' E 1.0 4-5

2 23°20.787'N 90°40.161' E 1.0 34

3 23°20.875'N 90°41.616' E 15 35

4 23°20.890' N 89°8.840' E 15 4-5

TC: The detect the total coliform; 100 ul samples of
serialy diluted solutions were spreaded on the mFC plate
and incubated at 37°C for 18 to 24 hours. Blue colonies
were considered astotal coliform.

FC: Similar procedure to TC was followed to enumerate
thefecal coliform. However, plates were incubated at 44°C
for 18 to 24 hours.

E. Coli: For the enumeration of E. coli, 100ul samples of
serially diluted solutions were spreaded on the McConkey
agar plates and incubated at 44°C for 18 to 24 hours. Pink
colonies were counted as E. coli.

Processing of Water Samples. Each water sample was
analyzed to determine total aerobic bacteria, TC, FC and
E coli following procedures described [13, 15]. In brief, for
the enumeration of TBCin water, 100 UL sample water was
mixed with 900 L Normal saine (0.85% NaCl solution) to
prepare 10G* dilution. Then 100 uL of diluted water
samples were dropped on Lurria Agar plates. The plates
were then incubated at 37°C for 18-24h. For TC and FC
and E. coli, 100 mL of water samples were filtered through
0.22 um pore-sizemembranefilter (Miliporecorp., Bedford,
MA, USA) and filters were placed on membrane faecal
coliforms (mFC) agar plates for TC and FC and on
McConkey agar plates for E. coli. The mFC plates were
incubated at 37 and 44°C for 18-24 h for TC and FC
respectively. McConkey agar plates were incubated at
44°C for 18-24h.

The characteristic blue colonies on mFC plates were
counted as TC and FC and expressed as colony forming
units (CFU) per 100 mL. Pink colonies on McConkey agar
plates were counted as E. coli and expressed as CFU per
100 mL of water [13].
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In Situ M easurement of Physicochemical Parametersin
Water Samples: At the site of the gher and pond water
P4, sdlinity, TDS (Total Suspended Solids), water
temperature, DO (Dissolved Oxygen), conductivity
were measured using a portable Conductivity meter
(HACH, CO150 conductivity meter, USA). Dissolved
oxygen and pH were measured using a portable
(HACH DO175, USA) DO meter and Orionfield pH meter
(210A, Orion Laboratories, USA) respectively.

Statistical Analysis. Bacterial density data were
transformed into natural log before statistical analysis.
The means of bacteria load were compared by using
ANOVA followed by Tukey's post hoc for multiple
comparisons. Statistical software SPSS version 11.5 was
used to analyze the data with the level of significance at
p<0.05.

RESULTSAND DISCUSSION

Physiochemical Parameters of Gher and Pond Water:
Water quality variables of gher water were found suitable
for the culture of Niletilapia(Table 2) [16]. The salinity of
pond water was near to zero. DO and pH of pond water
were within tolerance limit for Niletilapia (Table 2). Nile
tilapia can survive 3-25%o0 salinity [16]. Therefore, gher
water was suitable for better growth of Nile tilapia
However, all water quality variables of the pond and gher
water were suitable for bacterial proliferation particularly
the water temperature was very much suitable for the
coliform bacteria. The observed high bacterial count
detected in fish and water samples taken from both pond
and gher could be because of that.

Bacterial Loadsin Nile Tilapia Sampled from Gher and
Market

Densities (cfu/g) of Total Aerobic Bacteria: The density
of total aerobic bacteria found in the muscle, gill and
intestine of Nile tilapia sampled from gher were indifferent
(Figurel). Similarly, the total bacterial count measured in
the gill and intestine of the same fish sampled from market
was similar but significantly higher than that of muscle.
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Fig. 1. Density (cfu/g) of total aerobic bacteria in the
muscle, gill and intestine of Nile tilapiareared in
gher sampled form gher and market. Bars (mean +
SEM) with same color different letters are
significantly different. Capital letters denote
significant differences within organ (p<0.05).
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Fig. 2: Density (cfu/g) of TC in muscle, gill and intestine
of Nile tilapia reared in gher sampled form gher
and market. Bars (mean = SEM) with same color
different letters are significantly different. Capital
letters denote significant differences within organ
(p<0.05).

In muscle, the bacterial build up observed in the samples
sampled from gher and market was similar, while total
bacterial density found in the gill and intestine of the
same fish sampled from market were significantly higher
than those of gher.

The higher density of total aerobic bacteria
found in gill and intestine of Nile tilapia sampled
from market might be due to quick proliferation
after catching and during transportation and storage.

Table 2: Physiochemical parameters (means + SEM) of sampled gher and pond water

Water quality variables

System DO (mg/L) Water Temp (°C) P Salinity (%o) TDS (mg/L) Conductivity (us/cm)
Gher 7.58+0.34 33.10+0.27 7.99+0.89 5.51+0.17 5263.75+145.27 9923.75+629.45
Pond 6.09+0.22 30.03+0.29 6.44+0.55 0.05+0.02 59.89+8.37 122.34+17.01
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Preservation in low quality ice, handling with
contaminated hands could also be responsible for this
higher density of aerobic bacteria.

Densities (cfu/g) of TC: The concentration of total
coliform found in the gill and intestine of Nile tilapia
harvested from gher was similar but significantly higher
than that of muscle (Figure 2). Similarly, the density of
TC detected in the gill and intestine of the same fish
sampled from market was also similar and significantly
higher than that of muscle. However, the densities of
TC detected in al the three organs in Nile tilapia taken
from market were significantly higher than that of gher.

Densities (cfu/g) of FC: The densities of fecal coliform
observed in the gill and intestine of tilapia collected from
gher were not different but significantly higher to that of
muscle (Figure 3). Similarly, the count of FC detected in
the gill and intestine of the same fish sampled from market
was aso similar and significantly higher than that of
muscle. On the other hand, the densities of FC found in all
the three organs in tilapia collected from market were
significantly higher to that of gher.

Densities (cfu/g) of E. Cali: The concentration of E. coli
detected in the gill and intestine of tilapia harvested from
gher was similar but significantly higher than that of
muscle (Figure 4). The load of that bacterium found in all
the three organs of the same fish sampled from market was
similar. On the other hand, the densities of E. coli found
in all the three organsin tilapia gained from market were
significantly higher than that of gher.

In al the cases the bacterial loadsin different organs
of Nile sampled from market were significantly higher than
that of gher (p<0.05). The higher density may be due to
lack of proper hygiene of fish market. Culture environment
mainly the water quality may enhance the growth of
bacteria. Improper handling and processing may cause the
higher density ob bacteria, especialy the coliform bacteria
in fish sampled from market. Cross contamination may be
another reason.

Bacterial Loadsin Nile Tilapia Sampled from Pond and
Market

Densities (cfu/g) of Total Aerobic Bacteria: The densities
of total aerobic bacteria found in the muscle, gill and
intestine of Nile tilapia collected from pond were similar
(Figure 5). In the same way, the total bacterial count
observed in the same organs of the same fish sampled
from market was also similar. However, the total bacterial
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Fig. 3: Density (cfu/g) of FC in muscle, gill and intestine
of Nile tilapia reared in gher sampled from gher
and market. Bars (mean £ SEM) with same color
different letters are significantly different. Capital
letters denote significant differences within organ
(p<0.05).
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Fig. 4: Density (cfu/g) of E. coli in muscle, gill and
intestine of Niletilapiareared in gher sampled from
gher and market. Bars (mean £ SEM) with same
color different letters are significantly different.
Capital letters denote significant differences within

organ (p<0.05).
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Fig. 5: Density (cfu/g) of Total Aerobic Bacteriafound in
the muscle, gill and intestine of Niletilapiareared
in pond sampled from pond and market. Bars
(mean + SEM) with same color different letters are
significantly different. Capital letters denote
significant differences within organ (p<0.05).

count found in all the three organs of tilapia sampled from
market was significantly higher than that of pond. Similar
result was observed earlier in freshwater catfish[17].
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Fig. 6: Density (cfu/g) of TC in muscle, gill and intestine
of Niletilapiareared in pond sampled from pond
and market. Bars (mean £ SEM) with same color
different letters are significantly different. Capital
letters denote significant differences within organ

(p<0.05).
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Fig. 7. Density (cfu/g) of FC in muscle, gill and intestine
of Niletilapiareared in pond sampled from pond
and market. Bars (mean + SEM) with same color
different letters are significantly different. Capital
letters denote significant differences within organ
(p<0.05).

Densities (cfu/g) of TC: The blooms of total coliform
observed in the muscle, gill and intestine of Nile tilapia
collected from pond were similar (Figure 6). Likewise, the
density of total coliform detected in the same organs of
the same fish collected from market was also similar.
However, the total coliform found in all the three organs
of Nile tilapia sampled from market was significantly
higher than that of pond.

Densities (cfu/g) of FC: The concentration of fecal
coliform found in the muscle, gill and intestine of Nile
tilapia harvested from pond was indifferent (Figure 7).
Similarly, the blooms of FC detected in the same organs of
the same fish collected from market were also indifferent.
On the other hand, the FC observed in al the three organs
of Niletilapiasampled from pond was significantly higher
than in the market (p<0.05). This could be due to highly
faecal contamination of source water.
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Fig. 8: Density (cfu/g) E. coli in muscle, gill and intestine
of Niletilapiareared in pond sampled from pond
and market. Bars (mean + SEM) with same color
different letters are significantly different. Capital
letters denote significant differences within organ

(p<0.05).
Table 3: Densities (cfu/mL water) of different bacteriain water sampled from
gher and pond
Parameters
System TBC TC FC E. coli
Gher  2.55+0.15x10° 1.55+0.12x10' 9.50+1.09x10° 2.74+0.38x10°

Pond 3.56+0.53x10° 1.95+0.64x10? 1.73+0.18x10" 3.32+0.91x10°

Densities (cfu/g) of E. Coli: The densities of E. coli found
in the muscle, gill and intestine of Nile tilapia collected
from pond was similar (Figure 8). Similarly, the load FC
detected in the same organs of the same fish collected
from market was also similar. On the other hand, the
concentration of FC observed in al the three organs of
tilapia collected from market was significantly higher than
that of pond.

Bacterial Load in Water Sampled from Gher and Pond:
Total aerobic bacteria detected in both gher and pond
water was beyond the lower limit suitable for fish culture
(Table 3). Load of TC, FC and E. coli were aso high.

A study reported total agrobic bacteria as 2.1x10°to
7.1x10° and 2.3x10° to 4.1x10° cfu/mL of water samples
taken from two different fish ponds [18] that is in
agreement with the present study. A previous study has
demonstrated 6.0 x10%to 1.0 x10* cfu/mL heterotrophic
bacterial load in brackish that is aso similar to the
findings of the current study [19].

A level of coliform of = 10 per mL of water is suitable
for pond aquaculture [20]. The loads of different bacteria
observed in water samples taken from pond and gher were
higher than the recommended value for fish culture. The
higher density in fish may be due to their consumption of
bacteria for long time through food and water. Another
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reason may be that the high water temperature in the pond
(30.03 £ 0.29°C) and gher (33.10+ 0.27°C) water was close
to optimum for many mesophilic bacteria in natura
system [21].The highest load of total aerobic bacteria
(8.81 = 0.45 x 10°cfu/g), TC (3.00 + 0.20x10* cfu/g) and
E. coli (1.45 + 0.19x10° cfu/g) were detected in the
intestine of Nile tilapia reared in pond sampled from
market. But the highest density of FC (3.00 + 0.67x10°
cfu/g) wasfound in the gill of the same fish. The presence
of high bacterial load in intestine and gill of Nile tilapia
might be due to high metabolic activity of fish associated
with increased feeding rates at higher [22]. A study
observed similar bacterial load in the intestine of tilapia
[23]. Bacteria load in the intestine of freshwater tilapiain
Saudi Arabiawas reported as 6.8x10°to 7.5x107cfu/g [24]
which isin comparable to the present study.

This higher density of coliform bacteria in water,
especially the faecal coliform, is responsible for higher
density of these bacteria in fish body. Quick spoilage of
fish after catching might be due to this higher density of
these bacteria. E. coli are human originated bacteriawhich
may be responsible for different enteric disease in human
body. The higher density in fish body may be due to
secondary contamination during handling and storage.
Large quantities of coliform bacteriain water and fish are
not pathogenic to human, but may indicate a higher risk
of pathogens being present [25]. Dysentery, typhoid
fever, bacterial gastroenteritis and many other water borne
disease may coincide with faecal coliform contamination.
The presence of faecal coliform may affect humans more
than it does aguatic organisms [25].

Fishes are very much susceptible to contamination
with different bacteria because of their highly perishable
protein content in their body. Coliforms are not the normal
flora of bacteria in fish. Due to deposition of human
excreta in pond, water is contaminated and when this
contaminated water is ingested by the fish, they become
contaminated. In the present study the fish samples of
different sources were contaminated with total aerobic
bacteriaas well astotal coliform, fecal coliform and E. coli.
This bacterial population was higher in Nile tilapia
sampled from market except the faecal coliform which was
higher in fish sampled from pond. This might be due to
the contamination of source water from where the fishes
were caught or might be due to secondary contamination
during the time of handling as well as storage of fishesin
ice made with contaminated water.

In Bangladesh every day 20,000 metric tons of human
excreta are deposited on public lands and waterways and
is one of the main causes of contamination of surface
water [26]. During the time of rainy season the feca
matters of various sources are washed away from the
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contaminated land and are ultimately carried into different
water bodies. Moreover, due to the poor sanitary
condition of the country most of the latrines in rural
settings are directly connected to the pond and other
water bodies. Pets, especialy dogs, can contribute to
faecal contamination of surface waters. Runoff from roads,
parking lots and yards can carry animal wastes to pond
and ghers through storm sewers. Birds can be a
significant source of faecal coliform bacteria. Swans,
geese and other waterfow! can all elevate bacterial counts
in ponds and ghers [25]. Thus, virtually al the aguatic
habitats of Bangladesh are heavily contaminated with
fecal coliform bacteria. Fishes, which live in these polluted
habitats thus can easily intake these bacteria during
feeding along with contaminated aquatic foods.

According to International Commission on the
Microbiological Specification of Foods [27] acceptable
limit of total bacterial counts, total coliform and
faecal coliform for white fish is 5x10°, 10? and 10 cfu per
gram respectively and E. coli should not be present.
Therefore, the bacterial loads found in this study for
Niletilapiawas beyond the standard value, which indicate
their unacceptability as food from public health point
of view.

Fish of good quality should have counts of total
bacteria of less than 10° per gram and faecal coliforms
and total coliforms should not exceed 10/gm and 100/gm
respectively [28]. Total coliform, faecal coliform and
E. coli count of Niletilapiaof different sources examined
in this study exceeded the acceptable limit recommended
by Food and Agricultural organization [28]. Thisindicates
human health risk due to consumption of tilapia collected
from pond and gher. Therefore, precautions should be
taken to prevent contamination during harvesting as well
as post harvest handling of fishes. Depending on the
sources and other environmental factors, a wide range of
variation in distribution of microflora in fish has been
reported [29]. The present study correlate with this
finding and hence showed variation of bacterial count in
tilapia of different sources. Therefore, precaution should
me taken to prevent contamination during harvesting as
well as post harvest handling of fishes. Water quality for
aguaculture purpose should be maintained.
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