
 Turkish Journal of Fisheries and Aquatic Sciences  8: 115-120 (2008)  
  

 © Central Fisheries Research Institute (CFRI) Trabzon, Turkey and Japan International Cooperation Agency (JICA) 
 

 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Enzyme Producing Bacteria in the Gastrointestinal Tracts of Labeo rohita 
(Hamilton) and Channa punctatus (Bloch) 

Introduction  
 
Fish receive bacteria in the digestive tract from 

the aquatic environment through water and food that 
are populated with bacteria. Being rich in nutrient, the 
environment of the digestive tract of fish confers a 
favourable culture environment for the 
microorganisms. The importance of intestinal bacteria 
in the nutrition and well–being of their hosts has been 
established for homeothermic species, such as birds 
and mammals (Floch et al., 1970). However, there is 
limited information for fish, the poikilothermic 
vertebrates. Though the digestive tract of endotherm 
that is mainly colonized by obligate anaerobes 
(Finegold et al., 1983), the predominant bacterial 
species isolated from most of the fish digestive tracts 
have been reported to be aerobes or facultative 
anaerobes (Trust and Sparrow, 1974; Bairagi et al., 
2002; Saha et al., 2006).  

Endogenous digestive enzymes in fish have been 
studied by several workers (Dhage, 1968; Kawai and 
Ikeda, 1972; Das and Tripathi, 1991). However, 
information regarding the enzyme producing 
intestinal bacteria, their source and significance in 
fish is scarce. In the present study, an attempt has 
been made to investigate the relative amount of 
protease, amylase and cellulase producing bacteria in 
the gastrointestinal (GI) tracts of two fresh water 
teleosts, namely the Indian major carp rohu, Labeo 
rohita (Hamilton) and the murrel, Channa punctatus 
(Bloch). Further, intestinal isolates were evaluated for 
extracellular enzyme producing capacities. Data 
suggest that the composition of the specific enzyme 

producing bacterial flora in the fish digestive tracts 
may have correlation with their feeding habits.  
 
Materials and methods 
 
Fish Examined  

 
Herbivore, column feeder rohu and carnivore, 

bottom feeder murrel were sampled by gill–net from 
the local ponds and analyzed separately for the 
present study. Fish were collected from two ponds 
designated as pond A and pond B. During the 
sampling periods, the water temperature varied 
between 25°C and 28°C. The feeding habits 
(Jhingran, 1997), average weight, total length (LT) 
and gut length (LG) of the fish studied are presented in 
Table 1. Relative gut length is reported as the ratio of 
the gut length to the total length (LG/LT). 
 
Post Mortem Examination 

 
To isolate stable aerobic heterotrophic bacterial 

population from the GI tracts, three fish of each 
species from each pond were starved for 24 hours in 
order to make their intestinal tract clear and also to 
eliminate the bacteria that were transit in nature. After 
starvation period, the fish were sacrificed and GI 
tracts were removed. A homogenate solution was 
made by adding GI tracts with 0.89% sodium chloride 
(NaCl) solution (10:l; volume:weight) (Das and 
Tripathi, 1991). Serial dilutions were made by mixing 
this homogenate solution with sterilized distilled 
water using vortex mixer to use as inoculums. 
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Microbial Culture 
 
Microbial culture of the homogenized GI tracts 

of fish from each pond was carried out separately for 
isolation of bacteria. Diluted samples (0.3 ml) were 
poured aseptically within a laminar airflow on 
sterilized Tryptone soya agar [(TSA), Himedia, India] 
to determine, the total heterotrophic bacterial 
population. To isolate and enumerate protease, 
cellulase and amylase producing bacterial population, 
diluted samples (0.3 ml) were poured on peptone 
gelatine agar (PG), Carboxymethylcellulose agar 
(CMC) and Starch agar (SA) plates respectively, in 
triplicate. Spread plate technique was employed for 
the purpose. Culture plates were incubated at 37°C 
overnight and examined for development of bacterial 
colonies after the incubation period. It was assumed 
that the microflora, which had formed colonies on the 
SA plate, had amylolytic activity. Similarly, it was 
assumed that the microflora grown on CMC and PG 
plates had cellulolytic and proteolytic activities 
respectively (Ghosh et al., 2002). Water and bottom 
sediments of the collection ponds were also analyzed 
subsequently for total and specific enzyme producing 
bacterial population. 

Nine well-separated colonies of intestinal 
bacteria having apparently different morphological 
appearance were selected and were streaked 
separately on TSA plates for obtaining pure cultures. 
Single isolated colonies from the streaked plates were 
transferred to TSA plates as pure culture and 
maintained at 4°C in the refrigerator to further study.  
 
Qualitative Enzyme Producing Capacity by the 
Selected Isolates 

 
The intensity of extracellular enzyme production 

by the isolated bacterial strains was analyzed on agar 
plates with selective media. For extracellular amylase 
production, isolates were inoculated on SA plates and 
incubated at 37°C for 48 h. The culture plates were 
then flooded with 1% Lugol’s iodine solution to 
identify amylase activity by formation of transparent 
zone surrounding the colony (Jacob and Gerstein, 
1960). Similarly, for extra-cellular protease, the 
isolates were inoculated on PG plates and incubated at 

37°C for 15 h. The appearance of a clear zone around 
the colony after flooding the plate with 15% HgCl2 
indicated the presence of proteolytic activity (Jacob 
and Gerstein, 1960). For determination of cellulase 
production, isolates were grown on CMC plates at 
37°C for 24 h and flooded with Congo red dye 
prepared with 0.7% agarose (Teather and Wood, 
1982). Congo red selectively binds with unhydrolysed 
CMC. Appearance of clear halo due to the presence of 
hydrolysed CMC surrounding bacterial colony 
indicated cellulase production in the medium. 
 
Media Composition  

 
TSA medium (g L-1): Pancreatic digest of casein, 

15; Papaic digest of soyabean meal, 5; NaCl, 5; Agar, 
15; pH 7. SA medium (g L-1): Beef extract, 5; 
Peptone, 5; NaCl, 5; Starch (soluble), 2; Agar, 20; pH 
7. CMC medium (g L-1): Beef extract, 5; Peptone, 5; 
NaCl, 5; Carboxymethyl cellulose, 2; Agar, 20; pH 7. 
PG medium (g L-1): Beef extract, 3; Peptone, 5; 
Gelatin, 4; Agar, 20; pH 7. 
 
Statistical Analysis  

 
Statistical analysis of the experimental data was 

made by analysis of variance (ANOVA) followed by 
Scheffe’s F-test for multiple comparison (Das and 
Das, 1993). 
 
Results 
 
Relative Gut Length 

 
The digestive tract is relatively longer in rohu 

(152.25±3.62 cm and 181.62±3.87 cm in pond A and 
B, respectively) than the murrel (8.5±0.35 cm and 
9.8±1.65 cm in pond A and B, respectively). 
Mean±S.E of relative gut length (LG / LT) was 
significantly shorter in murrel than rohu (Table 1). 
 
Bacteria in Fish Gastrointestinal Tract  

 
Analysis of bacterial flora in the gut of the fish 

examined showed higher aerobic bacterial population 
on TSA plate in L. rohita irrespective of the pond. 

Table 1. Average weight, total length, relative gut length and feeding habit of the fish examined. Results are mean ± S.E. of 
the three observations 
 
Fish species Collected 

pond 
Body weight 

(g) 
Total length 
(LT) (Cm.) 

Weight of 
the gut (g) 

Gut length 
(LG) (Cm) 

Relative gut 
length (LG/LT) 

Feeding habit* 

A 69.3a+3.06 14.5a+0.83 3.78a+0.54 152.25b+3.62 10.46b+0.35 
Labeo rohita B 68a+2.16 17.9b+1.42 3.51a+0.56 181.62c+3.87 10.18b+0.57 

Microscopic plants, decaying 
higher plants, Vegetable 
debris, detritus, mud 

A 78b+2.35 17.3b+1.32 3.27a+0.89 8.5a+0.35 0.49a+0.04 Channa 
punctatus B 87.6c+3.65 18.1b+1.04 3.61a+0.72 9.8a+1.65 0.54a+0.06 

Insects, Zooplanktons, Insect 
larvae, Smaller fish 

* Adapted from: “Fish and Fisheries of India” by V.G. Jhingran (1997). 
Values with the same superscript in the same column are not significantly different (P<0.05). 
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Proteolytic, amylolytic and cellulolytic bacterial flora 
was detected abundantly in both fish species 
examined. While enumerating specific enzyme 
producing bacteria, it was observed that the relative 
abundance of the enzyme-producing bacteria followed 
the same pattern in rohu and murrel collected from 
both ponds. Proteolytic strains were present at higher 
densities in the C. punctatus. However, the 
cellulolytic population exhibited maximum densities 
in rohu, L. rohita. Amylolytic population was 
detected in both fish, but it was dominated in murrels. 
In general, fish samples collected from Pond A 
exhibited higher bacterial population than the samples 
collected from Pond B, except cellulase producing 
bacteria. Cellulolytic population was higher in rohu 
collected from Pond B, while among murrels it was 
dominant in fish collected from the Pond A as for 
other enzyme producing bacteria (Table 2). 
 
Pond Bacteria  

 
Aerobic or facultative aerobic bacterial 

population on TSA plate exhibited maximum density 
in the water and bottom sediment of Pond A compare 
to the Pond B. While analyzing specific enzyme 
producing bacterial flora, it was also evident that 
proteolytic and amylolytic bacterial populations were 
present in higher densities in water and bottom 
sediment of pond A than pond B. However, 
cellulolytic bacterial population in the pond water was 
comparatively higher in Pond B than Pond A. Though 
cellulolytic population in the bottom sediment 
exhibited higher density in Pond A (Table 3). 

Extracellular Enzyme Producing Capacity of the 
Intestinal Isolates 

 
Protease producing capacity of CpB2 isolated 

from C. punctatus found to be the greatest and was 
followed by the strains isolated from L. rohita, LrBl 
and LrA2 respectively. However, the strain isolated 
from L. rohita, LrAl showed the best amylase 
producing capacity and was followed by another 
isolate from L. rohita, LrBl. Amylase production by 
the strains isolated from C. punctatus remained poorly 
detected. Cellulase producing capacity was found to 
be the greatest in CpB2 and was followed by LrB1. 

The strains LrA1, LrB1, LrB2, CpA2 and CpB2 
showed their capacity to produce all the three studied 
enzymes, viz., protease, amylase and cellulase. 
However, bacterial strains, LrB1 and CpB2, isolated 
from rohu and murrel respectively exhibited better 
enzyme producing capacities in comparison to the 
other isolated strains (Table 4). 
 
Discussion  

 
In the present investigation, both fish species 

examined exhibited considerable amylolytic, 
proteolytic and cellutolytic bacterial population 
(Table 2). This can be correlated with their feeding 
habit. Being an herbivore fish species, occurrence of 
protease, amylase and cellulase producing bacterial 
population is noteworthy in the digestive tract of rohu. 
Lesel et al. (1986) detected both amylolytic and 
proteolytic bacteria in the gut of gold fish 
(Phytophagus fish). Therefore, the occurrence of 

Table 2. Aerobic heterotrophic bacterial count in fish digestive tracts. Results are mean± S.E. of the three determinations 
 

Bacterial populations (CFU g-1 digestive tract) Collection 
pond Fish species In TSA plate (×107) Proteolytic (×105) Amylolytic (×105) Cellulolytic (×105) 

Labeo rohita 2.5d±0.09 2.6c± 0.11 1.3c±0.04 3.2c±0.13 
Pond A Channa punctatus 0.49b±0.02 2.9cd± 0.12 3.4d±0.15 2.8b±0.08 

Labeo rohita 1.6c±0.06 0.34a± 0.01 0.17a±0.01 5.9d±0.21 
Pond B Channa punctatus 0.23a±0.01 2.0b± 0.09 0.85b±0.04 1.8a±0.05 

Values with the same superscript in the same column are not significantly different (P<0.05). 
 
 
 
Table 3. Aerobic heterotrophic bacterial count in the pond water and bottom sediment. Results are mean ± S.E. of the three 
determinations 
 

Bacterial population in pond water (CFU ml-1) Collection 
pond In TSA plate (×106) Proteolytic (×103) Amylolytic (×104) Cellulolytic (×104) 
Pond A   8b±0.25 6.6b±0.31 6.7b±0.28 1.3a±0.05 

Pond B 2.5a±0.10 3.3a±0.15 0.2a±0.01 2.6b±0.11 

Bacterial population in bottom sediment (CFU g-1)  
In TSA plate (× 107) Proteolytic (×105) Amylolytic (× 106) Cellulolytic (×106) 

Pond A 10b±0.38 8.3b±0.31 6.6b±0.23 9.3b±0.46 

Pond B 1.4a±0.06 2.3a±0.11 0.26a±0.01 1.8a±0.07 

Values with the same superscript in the same column are not significantly different (P<0.05).



 118 N. Kar and K. Ghosh  /  Turk. J. Fish. Aquat. Sci. 8: 115-120 (2008) 
 

    
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

proteolytic, cellulolytic and amylolytic bacteria in the 
gut of rohu suggests an omnivorous feeding aptitude 
of the fish as has been studied by Creach (1963) and 
Ghosh et al. (2002). Higher number of cellulolytic 
bacteria in the digestive tracts of rohu collected from 
both ponds and the best amylase producing capacity 
by a strain from rohu (LrA1) may also indicate their 
preference towards plant matter. This has been further 
supported by the value of relative gut length. The 
digestive tract of rohu appears to represent a relatively 
long gut (Table 1), that is widely recognized in 
herbivorous (as compared with carnivorous) fish 
(Okeyo, 1989; Hugueny and Pouilly, 1999; Drewe et 
al., 2004). 

Bacteria present in the aquatic environment may 
influence the composition of the gut microbiota in 
fish (Cahill, 1990). The result of the present study 
showed variation in the relative abundance of the 
enzyme-producing bacteria in rohu and murrel 
collected from different ponds. This may be due to 
varied bacterial load of the collection ponds (Table 3). 
Possible correlation between the intestinal microbiota 
of fish and bacterial content of the water has been 
demonstrated by several authors (Horslay, 1997; 
Blanch et al., 1997). Between the two fish species 
studied, rohu exhibited higher bacterial population 
than murrels irrespective of collection ponds. This is 
may be due to the relatively longer intestine in the 
digestive tract of rohu and neutral or an alkaline 
environment therein probably because of the absence 
of stomach. 

The maximum density of proteolytic bacteria 
was detected in C. punctatus. Maximum protease 
producing capacity was observed within a strain from 
the same species (CpB2). Several workers have 
reported endogenous protease activity in fish. Kawai 
and Ikeda (1972) reported adaptive changes in the 
proteolytic enzyme in common carp (Cyprinus 
carpio) in relation to the type of the diet. Dabrowski 
and Glogowski (1977) reported to increase proteolytic 
enzyme activity considerably when common carp fry 
are provided with bovine trypsin in their diet. Thus, 
the occurrence of proteolytic bacteria in the gut of 

murrel in high intensity also seems to support the 
presence of diet dependent microbial population 
indicating their feeding towards animal matter. On the 
other hand, the intestine of this fish is short and bears 
a distinct stomach indicating production of 
endogenous protease and also their carnivorous 
feeding aptitude. Colonization of amylolytic and 
cellulolytic bacteria in such a high intensity may 
suggest that supplementation of amylase and cellulase 
serves as the basis for the symbiotic (mutual) 
relationship between the bacterial flora and the fish 
species. Among the fish, endogenous amylase 
activities in the intestine of herbivorous carp are much 
more intense than in carnivorous species (Sarbahi, 
1951; Dhage, 1968). However, reports on microbial 
amylase activity in fish gut are scanty (Sugita et al., 
1997; Bairagi et al., 2002; Ghosh et al., 2002). In the 
present study, a considerable population of amylolytic 
bacteria was detected in the fish species with studied. 
Though, being carnivore species higher densities of 
amylolytic bacteria in the digestive tracts of murrels 
than rohu in both ponds is surprising. 

Reports on the existence of cellulase activity in 
the digestive system of fish are rare and moreover are 
conflicting with contradictory result. Fish (1951), 
Barrington (1957) and Yokoi and Yasumasu (1964) 
believed that fish do not posses endogenous cellulase. 
Shcherbina and Kazlawlene (1971) indicated the 
presence of microbial cellulase in the posterior 
portion of digestive tract of carp. Further, Lindsay and 
Harris (1980) showed cellulase activity in the 
digestive tract of fish and suggested the source of 
cellulose activity from the microbial population, 
although they discarded the idea of maintenance of 
stable cellulolytic microflora in fish. Later, Lesel et 
al. (1986) reported cellulolytic flora in grass carp. Das 
and Tripathi (1991) assumed the cellulase-producing 
bacteria as a part of persistent intestinal flora in fish. 
The presence of considerable cellulolytic bacterial 
population has been observed in fish digestive tracts 
in the present investigation. Such abundance of 
cellulolytic bacteria has gained further support from 
the reports made by Das and Tripathi (1991) in grass 

Table 4. Qualitative extracellular enzyme producing capacities of the bacterial strains isolated from fish gut. Result 
represents impression of three determinations 
 

Enzyme producing capacity* Collection 
pond Fish species Strain No. Protease Amylase Cellulase 

Labeo rohita Lr A1 
Lr A2 

+ + 
+ + + + + 

+ + + + 
ND 

+ + 
+ + + Pond A Channa punctatus Cp A1 

Cp A2 
+ + 
+ + 

ND 
+ + 

+ + 
+ + 

Labeo rohita Lr B1 
Lr B2 

+ + + + + + 
+ + + 

+ + + 
+ 

+ + + + + 
+ + 

Pond B Channa punctatus Cp B1 
Cp B2 
Cp B3 

+ + + 
+ + + + + + + 
+ + + + 

ND 
+ + 
ND 

+ + + + 
+ + + + + + + 
+ + + + 

* With pure cultures of the intestinal isolates 
ND= Not detected, number of ‘+’ sign indicates the intensity of enzyme production. 
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carp, Saha and Ray (1998) and Ghosh et al. (2002) in 
rohu fingerlings. Other vertebrates including 
ruminants have also been shown to possess a 
cellulolytic microflora (Crobsy and Reid, 1971). 
Bairagi et al. (2002) could not detect cellulolytic 
bacteria in the gastrointestinal tract of carnivorous 
catfish and murrels. However, the result of the present 
investigation showed the presence of cellulolytic 
bacteria in murrels. Stickney (1975) looked at 
cellulase activity in a number of fresh water species 
and concluded that herbivores are unlikely to have the 
enzyme, but omnivores and carnivores may pick it up 
from invertebrates that harbour the bacteria producing 
the enzyme. This may explain the occurrence of both 
cellulolytic and amylolytic bacteria in the digestive 
tract of a supposed carnivore fish species, the murrel.  

It has been revealed from the present study that 
the bacteria present within the gut of L. rohita and C. 
puntatus were capable of producing various 
extracellular enzymes. Bacteria in the surrounding 
environment and feeding habit may have influence on 
the composition of the gastrointestinal microbiota in 
fish. In addition to the endogenous sources, enzymes 
from the intestinal microflora potentially could have a 
significant role in digestion, especially for substrates 
such as cellulose, which few animals can digest, and 
also for other substrates (Smith, 1989). The use of 
such beneficial bacteria has a long tradition in the 
animal husbandry (Stavric and Kornegay, 1995). The 
information generated from the present investigation 
might contribute to the incorporation of these bacteria 
in commercial aquaculture as supplement in 
formulated fish feed or in form of bacteria biofilm to 
achieve colonization in the fish gut at a higher degree. 
However, further research involving potent bacterial 
strains should be conducted for evaluating their 
efficacy under actual farm conditions. 
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