INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 3, ISSUE 6, JUNE 2014 ISSN 2277-8616

Microbiological And Physicochemical Analysis Of
Water From Empurau Fish (Tor Tambroides)
Farm In Kuching, Sarawak, Malaysian Borneo
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Abstract: The fish Tor tambroides locally known as empurau or kelah, is one of the most valuable and high commercial value fish species in the
Cyprinidae (carps) family. The fish can grow up to the size of human in its natural habitats like cool, clean, fast moving waters and availability of riverine
fruits from trees growing by the bank of upstream river. In aquaculture ponds where they are bred for the market, the fish have yet to get the right feed
and appropriate water environment condition for their optimized growth, resulting in the slow production of the fish. The optimal parameter value related
physicochemical and microbiological quality of water is important for the optimal growth of the fish. The Enterobacteriaceae group of bacteria has been
commonly used as the main indicator for the microbiological water quality. This study aims to determine the water quality of empurau farm with regards
to the physicochemical parameter value and microbiological indicator. The occurrence of Enterobacteriaceae as indicator organism and the
physicochemical parameter value of the water used for the empurau farming were determined. Water samples from inlet and outlet were collected from
seven empurau ponds at Indigenous Fish Research & Production Centre (IFRPC) in Tarat, Serian, Sarawak, Malaysian Borneo. Physicochemical
parameters such as temperature, pH, biochemical oxygen demand (BOD), dissolved oxygen (DO) and total ammonia nitrogen (TAN) of water samples
were determined. As for the microbiological analysis, water samples from the ponds were subjected to standard serial dilution followed by plating the
samples on eosin methylene blue agar (EMBA) for isolation of Enterobacteriaceae. Gram staining was then performed on the isolates to determine their
Gram’s characteristics. Twenty five Gram-negative isolates were further analyzed with (GTG)s-PCR to screen for clonal isolates to be used for the
identification by API 20E identification system. Dendrogram constructed from the (GTG)s-PCR analysis revealed that the 25 isolates were genetically
diverged resulting in 4 major clusters (G1, G2, G3, G4) and 11 sub-clusters. Based on the dendrogram, 11 representative isolates of the
Enterobactericeae were selected from different clusters and these isolates were identification by APl 20E kit. The result of the API 20E identification
revealed that the 11 presumptive Enterobacteriaceae isolates were belonged to ten different species within nine genera of Enterobacteriaceae. The
Enterobacteriaceae species confirmed were Brucella spp., Enterobacter cloacae, Citrobacter braakii, Erwinia spp., Vibrio fluvialis, Serratia odorifera,
Citrobacter freundii, Butiaxella agrestis, Proteus vulgaris group and Cedecea davisae. The Enterobactericeae isolated in this study were mostly human
pathogens with few fish pathogens, suggesting human activities may be affecting the water quality. Physicochemical parameters may affect the microbial
population in ecology, thus indirectly affecting the development of the fish.

Index Terms: Empurau farm water, Enterobacteriaceae, (GTG)s-PCR analysis, API 20E kit, Physicochemical factors, Water quality
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However, in the ponds where they are bred for the market, the
fish have yet to get the right feed and appropriate water
environment for their optimized growth, resulting in the slow
production of the fish. Good quality water is essential for
sustaining the life of all living organisms in the aquaculture
environment including fish [3], [4]. Enterobacteriaceae is non-

1 INTRODUCTION

The fish Tor tambroides or locally known as empurau or kelah
in Malaysia, is one of the most expensive and delicious fish
species within the family Cyprinidae (carps) [1]. Because of its
high price and demand, Tor has been recognized to have high
potential in aquaculture [2]. The fish can grow up with normal

growth rate in its natural habitats like the cool, clean, fast
moving waters and availability of riverine fruits from trees
growing by the river bank of upstream river.
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sporing gram-negative bacteria that act as the main indicator
for the bacteriological water quality. In fact, the bacteriological
quality of the water reflects the bacterial flora of the fish [5].
Fish farmers should be able to understand the importance of
managing the proper bacteriological quality of water, since
bacteriological quality play an important role in the spreading
of farmed fish diseases. Bacterial pathogens can cause
infections and death of fish in aquatic environments [6].
Besides, the bacterial flora of the fish is the primary significant
source of occupational disease on fish handlers [5]. In
addition, bacteria, such as Enterobacteriaceae are closely
related with many ecological factors in fish ponds. Some of the
factors are the dissolved oxygen, suspended matter, organic
detritus, transparency and nutrient salt. These factors show
either positive or negative correlation in the pond
management. Hence, the pond management has a very
strong influence on bacterial number in the pond ecosystem
[5]. The availability of information on microbiological aspect of
empurau fish grown in ponds are still lacking. To date, there
are still lacking of scientific studies regarding the suitable
environment for Tor habitats, however, it is said that Tor lives in
a very clean water environment. Thus, assessment of
physicochemical and microbiological water quality needed to

Technology (FRST), Universiti Malaysia Sarawak  be done in order to determine the criteria for the suitable
(UNIMAS), 94300 Kota Samarahan, Sarawak,  environment for rearing Tor species. Both the physicochemical
Malaysia. IJSTR parameters and microbiological parameters play a crucial role
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in identifying and setting the indicator for the most suitable
habitual environment for the quality development of Tor
species. Meanwhile, the analysis of microbiological indicator
can further enhance the current understanding of
microbiological activity that occurs in the aquatic environment.
Therefore, this study aims to determine the occurrence of
Enterobacteriaceae and the physicochemical parameter of
water of empurau ponds.

2 MATERIALS AND METHODS

2.1 Samples collection and
measurement

Water samples were collected from seven randomly picked
empurau ponds at Fisheries Research & Production Centre
(IFRPC) in Tarat, Serian, Sarawak, Malaysia. The water
samples were collected in sterile 50 ml Falcon tubes from the
inlet and outlet of each pond. The pH, temperature and
dissolved oxygen (DO) of the water were measured using pH
meter, thermometer and dissolved oxygen meter, respectively.
The total ammonia nitrogen (TAN) of homogenized water
sample from each pond was tested using Hach Test Kit. The
water samples were kept at 4°C in an ice box and transported
to the laboratory within 24 hours for immediate samples

processing and analysis.

physicochemical

2.2 Bacterial isolation

The water samples collected from outlet and inlet of each
pond were homogenized. Approximately 1 ml of the
homogenized water was diluted with 9 ml of 0.85% saline
solution. The diluted water samples were plated on both NA
and EMBA followed by incubation at 37°C for 24 hours. The
bacterial colonies growing on EMBA were isolated, purified
and subjected to gram staining. The gram-negative isolates
were further analyzed with (GTG)s-PCR.

2.3 DNA extraction

Bacterial DNA was extracted by boiled cell method as
described by Freschi et al. [7] with slight modifications. Briefly,
a colony was picked from the freshly grown plate and then
inoculated into 5 ml LB broth before incubation at 27°C for
overnight. From the LB broth culture, a 3 ml was centrifuged at
10,000 rpm for 5 minutes. The supernatant was discarded and
the pellet was resuspended in 500 pl of sterile distilled water.
The suspension was boiled for 10 minutes and placed on ice
immediately for 10 minutes followed by centrifugation at
10,000 rpm for 10 minutes. The supernatant was used for the
(GTG)s-PCR analysis.

2.4 (GTG)s-PCR fingerprinting

(GTG)s-PCR was conducted according to Matsheka et al. [8]
with slight modifications. The (GTG)s-PCR was carried out in a
25 pl volume containing 5 pl of 10x PCR buffer solution, 3 pl of
25mM MgCI2, 0.8 ul of 25mM dNTPs, 1 pl of 25uM (GTG)s
primer (5-GTGGTGGTGGTGGTG-3’), 9.9 ul  of sterile
distilled water, 5 pl of DNA template and 0.3 pl of Tag DNA
polymerase (Promega, USA). The (GTG)s-PCR amplification
was conducted with pre-denaturation at 95°C (7 minutes),
followed by 4 cycles of denaturation, annealing and extension
at 95°C (2 minutes), 36°C (2 minutes) and 72°C (2 minutes),
respectively. This was followed by another 30 cycles of
denaturation at 95°C (1 minute), annealing at 50°C (1 minute)
and extension at 72°C (1 minute). Final extension at 72°C for
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5 minutes was also included. The amplification products were
electrophoresed on 1.5% agarose gel in 1x TBE buffer at 100V
for 1 hour. The agarose gel was pre-stained with ethidium
bromide and a 1 kb DNA ladder (Promega, USA) was used as
a DNA size marker. The electrophoresed agarose gel was then
visualized with UV transilluminator.

2.5 DNA fragment analysis

The fingerprint profiles obtained from the (GTG)s-PCR were
analyzed using the RAPDistance package (version 1.04).
Scoring was done based on the banding patterns obtained
using binary data format. Presence of band was scored “1”,
whereas absence of band was scored “0”. The genetic
distances between banding profiles were determined based on
Dice formulation [9]. From the calculated genetic distances
using Dice formula, a dendrogram of neighbor joining tree
(NJTREE) was constructed.

2.6 Analytical Profile Index (API) Test System

Based on the dendrogram constructed, 11 isolates were
selected for the APl 20E kit identification. The identification
using the API 20E identification kit (BioMerieux) was
conducted according to manufacturer’s instructions in the
insert. Briefly, the test began with inoculation of saline
suspension of pure culture into each well on the API 20E test
strip then followed by incubation of the bacteria at 37°C for 18-
24 hours. The results of the test were analyzed through the
on-line database, apiweb™.

3 RESULTS AND DISCUSSION

Several decades ago, empurau fish can be found abundantly
in the upper reaches of many big rivers in the central of
Sarawak, Malaysian Borneo when the rivers were still
unpolluted. However, environmental degradation (i.e., river
pollution, deforestation, logging road construction, etc.) of rural
areas and upper streams has led to the rapid destruction of
natural habitats of empurau. Furthermore, excessive demand
for the highly priced empurau flesh which can reach up to
RM750 locally and between RM800 and RM850 per kg for the
export market, has led to overfishing of rivers by locals and
illegal fish poachers. These practices have caused drastic
dwindling of the fish population size and the catch from rivers
become very limited [1]. Due to the high price of the fish, many
investors are interested in empurau fish culture in ponds.
However, slow breeding and growth and scarce of information
on the optimal condition for the fish production in pond or
aquaculture environment causes the low production of the fish.
The management of the pond had a very strong influence on
physicochemical and bacterial number in the pond ecosystem.
Any type of alterations in the surrounding environment of the
pond will add stress to pond ecosystem as well as the fish
[10]. Some of the factors correlated with the pond
management are the dissolved oxygen (DO), temperature,
suspended matter, organic detritus, transparency and nutrient
salt [5]. A stress on a pond ecosystem could be affected by
water quality. The water quality includes the biological,
chemical and physical characteristics of water [11]. Physical
alterations include changes in water temperature, water flow
and light availability whereas chemical alterations include
changes in the loading rates of biostimulatory nutrients,
oxygen consuming materials, pH and toxins. The
microbiological alterations include introduction of new species
of microorganisms as a result of human and animal activities.
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In this study, the physicochemical parameters such as pH,
temperature, dissolved oxygen (DO), Biochemical Oxygen
Demand (BOD) and Total Ammonia Nitrogen (TAN) were
analyzed. The reading of the parameters from seven randomly
selected empurau ponds is shown in Table 1. These
parameters were the commonly used as indicators for water
quality [12].

Table 1. The readings of pH, temperature, dissolved oxygen
(DO), biochemical oxygen demand (BOD) and total ammonia
nitrogen content (TAN) for seven randomly selected Empurau

ponds.
Pond pH Tempera Dissol Biochem Total
ture (°C) ved ical Ammonia
Oxyge  Oxygen Nitrogen
n,DO Demand, Content,
(mg/L) BOD TAN
(mg/L) (mg/L)
P1 7.95 28.9 5.6 3.2 0.00
P2 9.15 29.5 5.2 3.4 0.46
P3 8.40 27.7 4.8 2.8 2.14
P4 7.41 28.6 5.4 3.2 0.14
P5 9.16 28.5 5.7 3.2 0.04
P6 9.00 29.2 5.5 4.2 0.00
P7 7.62 26.4 5.6 3.3 1.01
Average 8.38 28.4 5.4 3.33 0.54

In this study, the average pH reading between the seven
ponds was pH 8.38 which was still within the range of good
quality. In fact, the largest fish crops were usually produced in
water with pH ranging between pH 7.0 and pH 9.0 [14]. On the
other hand, any pH value lower than pH 4.8 or higher than pH
10.8 might bring harmful effects to the aquatic organisms in a
pond [14], [15]. The temperature played a significant role in
some physiological processes, including the release of stimuli
for breeding mechanism in fish, both under natural and
artificial conditions [13]. The average temperature recorded
was 28.4. Temperature between 30°C and 35°C might be
responsible for high productivity [13]. Based on the results
recorded, the average DO reading from seven ponds was 5.4
ppm. Generally, a pond with DO range in between 3.0-5.0 ppm
is unproductive, whereas a good production pond should have
DO concentration above 5.0 ppm [16]. However, a very high
concentration of oxygen might lead to a state of super
saturation that eventually leads to the lethal of fish in the pond
[13]. Biochemical Oxygen Demand (BOD) is the total amount
of dissolved oxygen required by microorganisms for
biodegradation of organic matters [10]. It is a common
indicator used to measure organic water pollutants. In this
study, BOD was determined by measuring the DO level in the
freshly collected water samples and then measured the same
water samples again after 5 days of incubation period. The
final BOD reading was recorded in units of mg/L. From the
results obtained, the highest BOD recorded was 4.2 mg/L and
the average between seven ponds was 3.33 mg/L. Murdoch et
al. [17] described that unpolluted natural water should have a
BOD reading of 5 mg/L or less. TAN value exceeding 2.2 mg/L
would significantly reduce the growth rate, fecundity and
disease resistance of the fish. Besides, it might increase the
gill ventilation and metabolic rate, which results in the death of

ISSN 2277-8616

the fish. TAN value recorded in this study was 0.5. The
presence of Enterobactericeae in water has been associated
with water polluted with fecal. In this study, 30 isolates of
bacterial were isolated from the water samples by using
EMBA. The bacteria that were able to grow on EMBA were
presumed as Enterobacteriaceae, which is a family in the
gram-negative bacteria. In fact, EMBA contained sucrose and
lactose with indicator dyes (eosin Y and methylene blue),
which could use to differentiate between lactose fermenting
and non-fermenting bacteria [18]. From the gram-staining, 28
isolates were shown to be gram-negative bacteria, whereas
another 2 isolates were gram-positive bacteria. Out of the 28
isolates, three isolates were unable to survive after storage.
Hence, all the 25 isolates of gram-negative bacteria were
subjected to (GTG)s-PCR analysis.
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Fig.la. (GTG)s-PCR fingerprinting of Enterobacteriaceae isolates electrophoresed on 1.5% agarose gel. Lane M: 1kb DNA
Ladder (Promega, USA); Lane 1: WP1-1; Lane 2: WP3-3; Lane 3: WP3-4; Lane 4: WP7-2; Lane 5: WP7-4; Lane 6: WP2-3;
Lane 7: WP3-1; Lane 8: WP3-6; Lane 9: WP3-8; Lane 10: WP3-9; Lane 11: WP2-2; Lane 12: WP5-1; Lane 13: WP4-1; Lane 14:
WP5-2; Lane 15: WP7-1; Lane 16: WP7-9; Lane 17: WP3-5; Lane 18: WP3-10.

Fig.1b. (GTG)s-PCR fingerprinting of Enterobacteriaceae
isolates electrophoresed on 1.5% agarose gel. Lane M: 1kb
DNA Ladder (Promega, USA); Lane 19: WP3-7; Lane 20:
WP4-2; Lane 21: WP4-3; Lane 22: WP7-6; Lane 23: WP7-7;
Lane 24: WP7-8; Lane 25: WP3-2.

The genetic relatedness among the 25 Enterobacteriaceae
isolates was distinguished by the (GTG)s-PCR fingerprinting.
DNA fingerprinting using (GTG)s-PCR technique is based on
the principle of amplification of repetitive segments on
genomic DNA with a short nucleotide sequence (primer).
Besides, (GTG)s-PCR could be used to determine the
pedigree analysis of bacterial strain from the unrelated
genetically diverse strain [8]. In addition, (GTG)s-PCR has
been also used for taxonomical studies [19]. The main
purpose of using (GTG)s-PCR in this study was to established
the genetic relatedness among the Enterobacteriaceae
isolates so that the representative from closely related strains
or clones can be selected for further identification, in this case
is by API kit. By selecting representative strains or clones from
closely related strains in the group, one would save cost for
the identification by avoiding repeated identification of the
same clones or strains. Fig. la and Fig. 1b showed the
(GTG)s-PCR gel patterns obtained with (GTG)s primer. The
molecular sizes of the DNA bands produced ranging from
250bp - 1000bp. The (GTG)s-PCR analysis was performed for
the 25 isolates of Enterobacteriaceae and the result shows

that they were genetically distinct. Fig. 2 shows the
dendrogram generated from the (GTG)s-PCR bands of the
isolates. The dendrogram generated clearly established the
genetic relatedness among the Enterobacteriaceae strains.
From the dendrogram, it was found that the
Enterobacteriaceae isolates were divided into 4 major clusters
and 11 sub-clusters. Isolates that located on the same sub-
cluster were assumed to be closely related, hence, a
representative was selected from each sub cluster for further
identification using API kit identification system (Biomerieux).
For example, WP7-4, WP2-3 and WP7-1 were clustered under
same cluster so, only WP7-1 was randomly selected to be
identified by API kit. The purpose of selecting representative is
to avoid repeated identification of the same clones or strains,
hence the cost for the identification could be saved. Eleven
isolates were randomly selected from each sub-clusters to be
used for the API kit identification. API 20E identification system
(Biomerieux) is a standardized identification system of
Enterobacteriaceae species and other non-fastidious gram-
negative bacteria. Fig. 3 shows the APl 20E identification
system (Biomerieux) profiles of the representative isolates.
The results of the identification are shown in Table 2.

288

1IJSTR©2014
WWW.ijstr.org



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 3, ISSUE 6, JUNE 2014

5%

i

07

11K
(13

(1511

23

L

WA
FA |
W]
b
W7
155
W3
L)
161 W
%7
4%
2%h
WPl
187
WL
- Wi
Wi
ulh
WS-
1
WHT ¥
o
WP
Hil
i
m
WPl
A15
WFLT
33
W
Ibh
WS
; !
Mz W41
WFs-1
258
Wps-2

WFT4

WELY

W

WR3-5

WF-1i

WET

ISSN 2277-8616

Gl

G2

G3

G4
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Fig.3: Representative profile of the API 20E test strips showing colour reactions after incubation at 27°C for about 18-24 hours.

Table 2: The identity of Enterobacteriaceae isolates identified
by API 20E identification kit.

Isolates Identification
WP1-1 Enterobacter cloacae
WP7-8 Erwinia spp.
WP3-10 Serratia odorifera
WP4-1 Citrobacter freundii
WP5-1 Citrobacter braakii
WP7-9 Buttiaxella agrestis
WP3-4 Enterobacter cloacae
WP4-3 Proteus vulgaris
WP3-2 Vibrio fluvialis
WP7-1 Brucella spp.
WP3-7 Cedecea davisae

The API 20E identification kit successfully identified the 11
isolates as Brucella spp., Enterobacter cloacae, Citrobacter
braakii, Erwinia spp., Vibrio fluvialis, Serratia odorifera,
Citrobacter freundii, Butiaxella agrestis, Proteus vulgaris group
and Cedecea davisae. From the identified species of
Enterobacteriaceae, Brucella spp. was belonged to G1, and
Serratia odorifera, Buttiaxella agrestis, Proteus vulgaris group
were grouped in the same cluster, which was G2. Besides,
Enterobacter cloacae, Erwinia spp. and Citrobacter braakii
were grouped in the G3. On the other hand, the remaining of
identified species (Citrobacter freundii, Enterobacter cloacae,
Vibrio fluvialis and Cedecea davisae) were all clustered in the
G4. This showed that there was a high genetic diversity
among the Enterobacteriaceae species isolated from the pond
water at IFRPC in Tarat, Sarawak. In fact, the presence of
certain bacteria, such as Citrobacter freundii was related to
public health issues since they are potentially pathogenic
microorganisms that have been implicated as aetiological

agent of animal and human diarrhea [5]. In addition,
Citrobacter freundii could cause disease in fishes [20] and was
shown to be pathogenic for both farmed fishes and aquarium
fishes [21]. Besides, Escherichia, Enterobacter and
Citrobacter were the main coliform group of bacteria that could
cause health hazard to human through fishes [20], [22].
Moreover, Sekar et al. [23] found that Enterobacter cloacae
was the causative agent of mortality in fishes, such as Mugil
capito. On the other hand, the presence of Enterobacter
cloacae, Citrobacter freundii, Citrobacter braackii and Proteus
vulgaris may have implied the cross contamination degree
from the handlers [24] and the presence of these
microorganisms indicated a potential hazard, particularly to the
immunocompromised individuals [20].

4 CONCLUSION

In conclusion, this study provided an overview of the
physicochemical parameters and the microbiological water
quality of Empurau fish ponds. The physicochemical
parameters of the water samples collected from fish ponds
such as the pH, temperature, DO, BOD and TAN were within
the range of proper quality for fish production. (GTG)s-PCR
and phylogenetic analysis were useful in screening for
representative clonal isolates for further identification of the
Enterobactericeae isolates. The water of empurau fish
aquaculture could be a reservoir for Enterobacteriaceae and
the characteristics of these bacteria should be further studied
in the future.

5 Acknowledgments

This research study was supported partly by the research
grant no. FRGS/01(16)/745/2010(31) and the Department of
Molecular Biology, Faculty of Resource Science and
Technology, Universiti Malaysia Sarawak. We are grateful to
the research officer at the Indigenous Fish Research &
Production Centre (IFRPC) at Tarat, Serian, Sarawak for
allowing us to take water samples from the ponds in the
centre.

290

1JSTR©2014
WWW.ijstr.org



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 3, ISSUE 6, JUNE 2014

REFERENCES

[1] C.K. Ng, Kings of the rivers: Mahseer in Malaysia and
the region. Kuala Lumpur: Inter Sea Fishery (M),
2004.

[2] J.D. Misieng, M.S. Kamarudin, and M. Musa,
“Optimum Dietary Protein Requirement of Malaysian
Mahseer (Tor tambroides) Fingerling,” Pakistan
Journal of Biological Sciences, vol. 14, no. 3, pp. 232-
235, 2011.

[3] T. Dhanalakshmi, and S. Rajendran, “Antimicrobial
Activity of Micro Sized Copper Particles on Water
Borne Bacterial Pathogens,” International Journal of
Scientific & Technology Research, vol. 2, no. 1, pp.
115-118, 2013.

[4] Akuffo, S.J. Cobbina, E.H. Alhassan, and M. Nkoom,
“Assessment of The Quality of Water Before and After
Storage in the Nyankpala Community of the Tolon-
Kumbungu District, Ghana,” International Journal of
Scientific & Technology Research, vol. 2, no. 2, pp.
221-227, 2013.

[5] K. Apun, A. Yusof, and K. Jugang, “Distribution of
bacteria in tropical freshwater fish and ponds,”
International Journal of Environmental Health
Research, vol. 9, no. 4, pp. 285-292, 1999.

[6] S. Arifin, N. Mahtuzzahro, Sugianto, R. Apsari, and
Suhariningsih, “Aquatic Bacteria of Pseudomonas
Aeruginosa Growth Model In Tube Ultrasonic,”
International Journal of Scientific & Technology
Research, vol. 2, no. 8, pp. 77-81, 2013.

[7] C.R. Freschi, L.F.O.S. Carvalho, and C.J.B. Oliveira,
“Comparison of DNA-Extraction Methods and
Selective Enrichment Broths on the Detection of
Salmonella Typhimurium in Swine Feces by
Polymerase Chain Reaction (PCR),” Brazilian Journal
of Microbiology, vol. 36, pp. 363-367, 2005.

[8] M.I. Matsheka, A.J. Lastovica, H. Zappe, and B.G.
Elisha, “The use of (GTG)s oligonucleotide as an
RAPD primer to type Campylobacter concisus,”
Letters in Applied Microbiology, vol. 42, no. 6, pp. 600-
605, 2006.

[9] M. Nei, and W.H. Li, “Mathematical model for studying
genetic  variation in  terms  of  restriction
endonucleases,” Proceedings of the National
Academy of Sciences, vol. 76, no. 10, pp. 5269-5273,
1979.

[10] A. Bhatnagar, and P. Devi, “Water quality guidelines
for the management of pond fish culture,”
International Journal of Environmental Sciences, vol.
3, no. 6, pp. 1980-1997, 2013.

[11] A. Aggarwal, and S. Arora, “A Study of Water Quality
of Kaushalya River in the Submountaneous Shivalik
Region,” International Journal of Scientific &
Technology Research, vol. 1, no. 8, pp. 52-68, 2012.

1IJSTR©2014
WWW.ijstr.org

ISSN 2277-8616

[12]N. Ashbolt, W.O.K. Grabow, and M. Snozzi,
“Indicators of microbial water quality. World Health
Organization Water Series,” In L. Fewtrell, and J.
Bartram, J. (Eds.). Water Quality: Guidelines,
Standards and Health. Risk assessment and
management for water-related infectious disease,
London: IWA Publishing, pp. 289-316, 2001.

[13] S.M. Banerjea, “Water quality and soil condition of
fishponds in some states of India in relation to fish
production,” Indian Journal of Fisheries, vol. 14, pp.
115-144, 1967.

[14] W. Ohle, “Teichwirtschafthche Kalkkontrolle und die
pH-SBV-Tasche (Control of liming in ponds with an
outfit for pH and alkalinity determination),” Z. Fisch.,
vol. 36, pp. 185-191, 1938.

[15] J. Nees, “Development and status of pond fertilisation
in Central Europe,” Transactions of the American
Fisheries Society, vol. 76, pp. 335-358, 1949.

[16] K.H. Alikunhi, V. Ramachandra, and H. Chaudhuri,
“Mortality of carp fry under supersaturation of
dissolved oxygen in water,” Proceedings of the
National Academy of Sciences of India, vol. 17, no. 4,
pp. 261-264, 1952.

[17] T. Murdoch, C. Martha, and O. Kate, Streamkeeper’s
Field Guide Watershed Inventory and Stream
Monitoring Methods. Washington, D.C.: Adopt-A-
Stream Foundation, 1991.

[18] J.E. Holt-Harris, and O. Teague, “A new culture
medium for the isolation of Bacillus typhosa from
stools,” Journal of Infectious Disease, vol. 18, no. 6,
pp. 596-600, 1916.

[19] P. Svec, M. Vancanneyt, J. Koort, S.M. Naser, B.
Hoste, E. Vihavainen, P. Vandamme, J. Swings, and
J. Bjorkroth, “Enterococcus devriesei sp. nov.,
associated with animal sources,” International Journal
of Systematic and Evolutionary Microbiology, vol. 55,
pp. 2479-2484, 2005.

[20] AAH.M. Hassan, A.E.N.E. Deen, H.M. Galal, S.M.
Dorgham, M.A. Bakry, and A.S. Hakim, “Further
Characterization of Enterobacteriaceae Isolated from
Cultured Freshwater Fish in Kafr El Shiek
Governorate: Clinical, Biochemical and
Histopathological Study with Emphasis on Treatment
Trials,” Global Veterinaria, vol. 9, no. 5, pp. 617-629,
2012.

[21]N. Sato, N. Yamane, and T. Kawamura, “Systemic
Citrobacter freundi infection among sun fish Mola
mola in Matsushima aquarium,” Bulletin of the
Japanese Society for the Science of Fish, vol. 49, pp.
1551-1557, 1982.

[22] P. Rajasekaran, “Enterobacteriaceae group of
organisms in sewage-fed fishes,” Advanced

201



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 3, ISSUE 6, JUNE 2014 ISSN 2277-8616

Biotechnology, vol. 8, pp. 12-14, 2008.

[23] V.T. Sekar, T.C. Santiago, K.K. Vijayan, S.V. Alavandi,
S. Raj, J.J.S. Rajan, M. Sanjuktha, and N. Kalaimani,
“Involvement of Enterobacter cloacae in the mortality
of the fish, Mugil capito,” Letters in Applied
Microbiology, vol. 46, pp. 667-672, 2008.

[24] M.N. Gonzalez-Rodriguez, J.J. Sanz, J.A. Santos, A.
Otero, and M.L. Garcia-lopez, “Bacteriological Quality
of aquaculture freshwater fish  portions in
prepackaged trays stored at 3 degrees C,” Journal of
Food Protection, vol. 64, no. 9, pp. 1399-1404, 2001.

292
IJSTR©2014

WWW.ijstr.org



