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ABSTRACT

Cellulase-producing acorobic bacterial flora in the intestine of phytophagous Chinese grass carp (Ctenopharyngodon idella) were isolated
and characterized using selective carboxymethylcellulose agar (CMC-agar) medium. Bacteria were identified and characterized by
conventional, biochemical and API kits. Out of 48 bacteria isolated, 26 were cellulase-positive. B-glucosidase activity was measured to
discover potential cellulase-producing strains. Bacillus, Erwinia and Actinobacillus species were good [-glucosidase producers (0.186,
0.181 and 0.180 U/ml/h, respectively). Antibiotic sensitivity tests were conducted for all the isolates against 22 antibiotics based on their
spectrum in order to find the most sensitive antibiotic and hence making the intestine devoid of cellulase-producing bacteria and again
establishing the potent cellulolytic bacteria by a dip treatment. Antibiogram results revealed that almost all isolates were resistant to
clindamycin, erythromycin and metronidazole but sensitive to ciprofloxacin and trimethoprim. This information might contribute to the

utilization of these extracellular enzyme-producing bacteria in commercial aquaculture.

Keywords: B-glucosidase, cellulolytic, endoglucanase, exoglucanase, hepatopancreas
Abbreviations: CMC, carboxymethylcellulose; PNPG, p-nitrophenol B-D-glucoside; MAR, multiple antibiotic resistance; NSS, normal

saline solution; PBS, phosphate buffer saline

INTRODUCTION

The intensification of aquacultural practices has generated a
demand for alternative feed ingredients. In this sense, plant
biomass is an inexpensive and highly available nutrient
source, mainly composed of cellulose (Peixoto et al. 2011).
Fermentative digestion typically occurs in animals with a
diet composed predominantly of plant material (Bergman
1990) and symbioses with microorganism have been well
studied in herbivorous mammals, birds and reptiles (Ste-
vens 1988). Earlier reports suggest that fish do not produce
cellulolytic enzymes. Cellulase activity observed in fish is
mainly produced by intestinal microbiota (Kar and Ghosh
2008). Only diverse microbial communities have been re-
ported from the guts of fishes (Clements 1997; Saha and
Ray 1998; Bairagi ef al. 2002; Saha et al. 2006). Fish re-
ceive bacteria from the aquatic environment as their diges-
tive tract is an open system constantly in contact with the
surrounding water. The microflora of water plays an im-
portant role in the formation of microflora in the digestive
tract of fish (Storm and Olafsen 1990). The fish digestive
tract, rich in nutrients, provides a favourable growth envi-
ronment for these microorganisms. The microbial popula-
tion grows upon the food absorbed by the host animal,
digestive secretions and fragments sloughed off the mucosal
epithelium (Lesel 1991). A number of cellulolytic bacteria
comprised of diverse physiological groups have been iden-
tified in the fish intestine. The predominant bacterial spe-
cies isolated from most fish digestive tracts have been re-
ported to be aerobes or facultative anaerobes (Trust and
Sparrow 1974; Bairagi ef al. 2002; Saha et al. 2006). Cel-
lulolytic bacteria include aerobic species such as Pseudo-
monas and Actinomycetes, facultative anaerobes such as
Bacillus and Cellulomonas and strict anaerobes such as
Clostridium (Heck et al. 2002). The first systematic survey
of cellulase activity in fish was attempted by Stickney and

Shumway (1974), who reported cellulase activity in 17 spe-
cies out of 62 species of fish examined. They concluded
that cellulase activity in fish resulted from the presence of
stable microflora maintained within the digestive tract.
Lindsay and Harris (1980) assayed cellulolytic activity in
the digestive tract of 130 fishes representing 42 species and
found 37 fishes with cellulase activity of microbial origin.
Cellulase activity has been reported in a variety of fish,
including Cyprinids (Prejs and Blaszezyk 1977), roach
(Rutilus rutilus) and rudd (Scardinius erythropthalmus)
(Niederholzer and Hofer 1979) rainbow trout (Oncorhyn-
chus mykiss), grass carp (Ctenopharyngodon idella) and
goldfish (Carassius auratus) (Lesel et al. 1986). Bairagi et
al. (2004) isolated cellulolytic and amylolytic bacteria from
the gastrointestinal tract of several culturable freshwater
teleosts viz. Indian major carps (Catla catla, Labeo rohita
and Cirrhinus mrigala), Chinese carps (Hypophthalmich-
thys molitrix and Ctenopharyngodon idella), common carp
(Cyprinus carpio), tilapia (Oreochromis mossambicus),
walking catfish (Clarias batrachus) and murrel (Channa
punctatus) following the enrichment culture technique (Bai-
ragi et al. 2002).

Grass carp is basically an aquatic weed feeder (Cross
1969). The present investigation was carried out to isolate
the cellulolytic microflora present in grass carp and to re-
establish the best cellulase producer so that cellulose diges-
tion in this fish can become more efficient while using
aquatic plants, a cheap source of energy compared to for-
mulated feed.

MATERIALS AND METHODS
Collection of experimental fish and processing

Grass carp of different weights were collected from the Central
Institute of Freshwater and Aquaculture (CIFA) farm in Bhubanes-
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war, India using a cast net and from a local retail fish market in
Bhubaneswar and ventrally dissected to separately extract the
hepatopancreas and intestine.

Isolation and identification of cellulolytic bacteria

Cellulolytic bacteria were isolated by the enrichment culture tech-
nique (Bairagi ef al. 2004). Intestinal tract weighing 1 g was tritu-
rated with 9 ml of sterilized 0.85% normal saline solution. 1 ml of
triturated sample was inoculated into 9 ml of cellulose enrichment
broth [0.5% peptone, 0.05% MgSO,7H,0, 0.1% KH,SO4, 1%
carboxymethylcellulose] and incubated at 37°C for 24 h. Then the
enriched samples (100 pl) were cultured using the spread plate
method (Kar and Ghosh 2008) on 0.5% carboxymethylcellulose
(CMC) agar plates and incubated at 37°C for 48 h. The colonies
which appeared on CMC agar plates were pure when cultured and
the cellulose hydrolysis by these bacteria was detected by the
Congo red binding assay (Teather and Wood 1982). Identification
of Congo red-positive bacteria was carried out by Gram staining,
colony characteristics and a panel of biochemical tests. Bacterial
cultures were preserved in 40% glycerol and stocked at 4°C.

B-Glucosidase estimation from exogenous
(bacterial) source

Cellulase-producing strains were cultured in cellulose enrichment
broth (pH 8.0) and harvested by centrifuging at 10,000 rpm for 20
min at 4°C. The supernatant was used as crude enzyme extract and
was used for estimating B-glucosidase (E.C.3.2.1.21) following the
method described by Wood and Bhat (1998) with some modifica-
tions. A reaction mixture containing 0.5 ml of enzyme solution
was added to 0.5 ml of 0.1% PNPG (p-nitrophenol B-D-glucoside)
solution prepared in Tris HCI (pH 6.5) and incubated at 37°C in a
shaking water bath. After 2 h the reaction was stopped by adding 1
ml of 2% sodium carbonate. The yellow colour of p-nitrophenol
liberated was determined spectrophotometrically (Jenway 6505
UV/VIS Spectrophotometer, UK) at 400 nm against a standard
curve.

Antibiogram of the isolates

An antibiogram of the 48 isolates were carried out by using the
Kirby Bauer Disc diffusion method (Bauer et al. 1966) against a
panel of 22 antibiotics procured from Himedia (Mumbai, India).
The multiple antibiotic resistance (MAR%) index was determined
using the formula described by Mahapatra et al. (2006).

Isolate resistant to no. of antibiotics

MAR% = x 100

Number of antibiotics used

The most potent cellulase-producing bacterial species was
selected from the enzyme activity data. And from the antibiogram
results the most sensitive antibiotic was selected against that bac-
terial species.

Dip treatment

Grass carps were maintained and fed in aerated experimental tanks
(30 L capacity). Initially all the fishes were acclimatized for 15
days with control feed (rice bran and ground nut oil cake ina 1: 1
ratio). The experiment was carried out in two steps. In step 1, five
fishes, each weighing around 70 g, were placed in tank A and five
fishes in triplicates of almost same weight were placed in tank B.
Tank A was maintained as the control and tank B as the test tank.
The most sensitive antibiotic (50 ppm) was fed to test groups
whereas normal feed without antibiotic was fed to the control
groups. Sensitivity to antibiotics was determined using antibiotic
discs. The most potent antibiotic, which was water-soluble, was
used within feed and fed as pellets (prepared in a locally made
hand operated extruder) to make the intestine of the fishes devoid
of cellulase-producing bacteria so that, when dip treatment was
applied, the supplemented bacteria, when tested for cellulase pro-
duction, might colonize the intestine of experimental fish. Feed
was dried at 42°C in an oven and stored in a refrigerator at 4°C
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until further use.

Fishes in tank B were fed with the pellets (feed) twice daily
(morning and evening) for three days continuously at 3% of their
body weight. The body weight of fishes was determined during
initial stocking in glass tanks/jars. Then, fish were sacrificed up to
three days (minimum of one fish daily from both tanks) and intes-
tinal samples were tested for the presence of cellulolytic bacteria
(Teather and Wood 1982). In step 2, the test fishes of step 1,
treated with antibiotics through feed and now devoid of cellulo-
lytic bacteria, were divided into two groups in tank C and tank D.
Each tank contained five fish. Tank C fishes served as control and
fishes in tank D as the test group which were given a dip treatment
of cellulolytic bacteria for the establishment study. All the fish in
tanks C and D in this phase were placed in water filtered through
ceramic candle filters (Bajaj Water Filters, India, pore size 1 pm)
normally used in Indian households to purify drinking water, free
from bacteria. Additionally, as further precaution to maintain the
fish devoid of cellulolytic bacteria, fish were treated with anti-
biotic through feed for 3 days. On the 4th day tank D fishes were
given a dip treatment with bacterial species (having highest 3-glu-
cosidase activity amongst all the cellulose-positive species iso-
lated) for 1 h with aeration. Bacterial suspensions were prepared
as described in the following paragraph. Dip treatment was repea-
ted twice at 7-day intervals, which were selected with an anticipa-
tion, probability and experience of working with some lactic acid
bacteria, that once colonized, they might remain for a week. After
the third treatment, the fishes were sacrificed, at least one per day,
up to three days and finally one on seventh day, to isolate cel-
lulolytic bacteria, to determine if they had established.

Preparation of bacterial sample for dip treatment

Nutrient broth (1800 ml) was prepared and sterilized. 100 ml of
inoculum was added and incubated at 37°C overnight in a shaker
water bath. Bacterial culture was centrifuged at 8000 rpm for 10
min. After washing twice the pellet was dissolved in 18 ml of PBS
(Himedia). A dissolved pellet (6 ml) was added to tank D having 5
L of distilled water to make up to a final concentration of 10’
cells/tank. After 1 h of dip treatment the fish were removed and
kept in another tank. Dip treatment was administered twice at 7-
day intervals.

RESULTS

Screening and identification of cellulolytic
bacteria

In total 48 bacteria were isolated based on colony morphol-
ogy of which 26 (54.17%) reported to be cellulase-positive
on the basis of growth on CMC agar and Congo red reac-
tion. The zone sizes of the isolates are presented in (Fig. 1).
Out of 26 isolates 19 were found to be Gram-positive
whereas, 7 isolates were Gram-negative. Based on the bio-
chemical analyses the Gram-negative species were tenta-
tively identified as Pseudomonas (15.38%), Flavobacterium
(0.04%), Actinobacillus (0.04%) and Erwinia (0.04%) and
the gram-positive species as Bacillus (61.54%), Micrococ-
cus (0.04%) and Lactobacillus (0.08%). Detailed identifica-
tion of the isolates is presented in Tables 1 and 2.

Confirmatory test for Bacillus species

A total of 16 Bacillus species isolated were further charac-
terized on Hicrome Bacillus Agar (Himedia, Mumbai,
India) on the basis of chromogenic reaction. Based on
colony growth and chromogenic reactions these isolates
were identified as B. cereus (4, 25%), B. coagulans (1,
6.25%), B. megaterium (1, 6.25%), B. subtilis (4, 25%), B.
circulans (3, 18.75%), and B. marinus (1, 6.25%). However,
the rest two species of Bacillus isolated could not be iden-
tified in chromogenic reaction.

Estimation of bacterial cellulase

B-glucosidase estimation was carried out using the method



Identification and establishment of the exogenous source of cellulase in grass carp. Mishra et al.

40 -
.
. ¢ o
35 - .
.
. .
¢ .
30 - . .
.
. -
¢ . .« * . ¢
25 *
20 -
.
15 ¢ o
10 -
& Congo red (zone size in mm)
5
0
] R 2\ <O & CIEC) R RS
J NSRS S N PRI SR RN SRR SN R\ SR (O (IR C RN I SO\ NN
p N &° .@“0 Q,&e &L S <5\(\09 %00\\ &ooo @\0 \G\'o @\fo q&\\ @ %\@\ & q‘@ ‘0\)\0 'o"\\ 'bo\\\ S %&;\\ @(\oﬁ 6\@\ 65\\
O @ & F O O O ) e & & . & P o O .
é‘cée & ° ¢°°'b 4 \\\c} & o o LAPSN S & A ©
¥oQ® Q\'b R Vo2 Q-
Fig. 1 Cellulose activity of the isolates.
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of Wood and Bhat (1998) and a standard curve was pre-
pared based on six concentrations of p-nitrophenol. From
the standard curve, the R? value was 0.9997 and y =
0.0632x. Out of 48 isolates 10 (20.83%) were found to be
negative for f-glucosidase activity whereas, 9 (18.75%) iso-
lates showed negligible (0.001 U/ml/h) B-glucosidase acti-
vity. Thirteen (27.08%) isolates were observed to be good
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producers of p-glucosidase with > 0.1 U/ml/h enzyme acti-
vity. The rest 17 (35.42%) isolates produced < 0.01 U/ml/h
enzyme activity. Actinobacillus, Erwinia and Bacillus spe-
cies were identified as good B-glucosidase producers with
enzymatic activity > 0.1 U/ml/h. Thus based on enzyme
activity data Bacillus species were selected for dip treat-
ment.



Dynamic Biochemistry, Process Biotechnology and Molecular Biology 6 (Special Issue 1), 102-108 ©2012 Global Science Books

Table 2 Identification of cellulose-producing Gram-negative isolates.
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Antibiogram pattern of bacterial isolates

An antibiogram of the 48 isolates were carried out by using
the Kirby Bauer Disc diffusion method to quantify the sen-
sitivity of the isolates with a panel of 22 antibiotics. The
MARY% calculated is represented in (Table 3). All the iso-
lates showed resistance to clindamycin, erythromycin,
metronidazole. Amoxycillin, aztreonam, carbenicillin, chlo-
ramphenicol, imipenem, pefloxacin and piperacillin showed
maximum sensitivity to 8, 4, 3, 6, 11, 2 and 1 isolates, res-
pectively. It was also found that out of 48 isolates, 14
showed maximum zones of sensitivity against ciprofloxacin
and another 14 isolates against trimethoprim. Ciprofloxacin
and trimethoprim were sensitive against 44 and 25% of the
Bacillus species, respectively.

Establishment of cellulase-producing Bacillus sp.
in grass carp intestine

Bacillus species Q was identified as the most potent cel-
lulase producer as a very high B-glucosidase activity of
0.186 U/ml/h was detected in this sample. Hence this bac-
terium was selected for establishment in the grass carp
intestine. In the first step, five control and five antibiotic-
treated fishes were sacrificed to detect the presence of cel-
lulolytic bacteria. From the control samples Bacillus, Lacto-
bacillus and Erwinia, Micrococcus were isolated and from
the antibiotic treated samples Erwinia, Micrococcus and
Flavobacterium were isolated and identified. In the second
step, five antibiotic treated fish were kept as control and
five test fishes were given dip treatment with Bacillus sp.
three times. After sacrificing the control fishes and pro-
cessing the intestinal samples, cellulolytic bacteria such as
Erwinia, Micrococcus were identified and from the test
samples Micrococcus, Flavobacterium and Bacillus were

105

identified, thus suggesting the establishment of Bacillus sp.
in the grass carp intestine.

DISCUSSION

Grass carp efficiently degrades the vegetable biomass (rich
in cellulose) present in an aquatic environment and grows to
a marketable size within a short period (Wijeyratne and
Perera 2000). According to Masser (2002), the large con-
sumption of these carbohydrates present in water bodies by
grass carp is due to a very short gut compared to other
herbivores. This decreases the retention time (less than 8 h)
in the gut and reduces the digestive efficiency to only 60 to
70%. Because of this reduced efficiency, they eat more
vegetation. During a preliminary investigation high blood
glucose level of grass carp (~32 mg/dl) was detected as
compared to other fish species like Catla catla (catla) (~12
mg/dl), Cirrhinus mrigala (mrigal) (~13 mg/dl) and Labeo
rohita (rohu) (~25 mg/dl). The high blood glucose level in
grass carp may be due to the accumulation of more end
product (glucose) after cellulose digestion. Previous studies
on the digestive enzyme of grass carp indicated the source
to be of microbial origin (Das and Tripathi 1991). Similar
findings were also marked in L. rohita (Saha and Ray 1998).
Akolkar et al. (2006) identified cellulose producing E. cry-
senthemi in intestine of L. rohita and C. idella. According to
Mondal et al. (2008), two explanations have been proposed
to account for the presence of cellulase in the digestive tract
of fish. The first one suggests that intestinal tract associated
cellulase is produced by an endosymbiotic microbial flora
resident in the intestinal tract. The second explanation was
that cellulase may be derived from ingestion of plant detri-
tus. Jiang et al. (2011) investigated the bacterial diversity
and population abundance in the gut of starved grass carp
by sequencing 16S r RNA gene libraries and the results
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Table 3 Antibiogram pattern of the isolates.
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A 17 R 14 31 22 28 32 29 32 R R 33 23 R 21 30 10 24 13 19 R 35 2275
B R R 14 19 3 23 27 R 40 R R 21 R R 15 25 R 29 15 11 19 R 364
C R R 10 19 28 22 23 R 3 R R 21 R R 15 21 R 25 11 R 16 R 455
D 30 26 14 R 18 R 21 28 28 20 23 35 33 R 24 28 R 21 R 28 10 R 273
E 17 11 10 27 20 27 29 32 29 R R 34 20 R 19 27 11 21 12 23 R 33 182
F 15 17 21 25 25 28 31 24 3 R R 30 21 R 16 24 16 24 14 23 28 37 13.65
G R R 15 35 27 29 21 30 30 19 20 30 20 R 22 28 15 27 16 23 10 38 13.65
H 16 12 13 22 16 24 20 23 25 R R 23 16 R 16 21 10 16 10 18 R 17 182
1 R R R 16 18 24 19 17 32 R R 21 12 R 16 24 R 10 R 18 R R 455
J 1o R 13 15 23 20 19 R 3 R R 20 15 R 18 21 R 25 12 12 13 15 273
K R R 12 18 23 20 R 19 24 R R R R R 15 20 R 24 R 13 15 R 5005
L R 14 13 17 21 22 19 15 20 R R 17 12 R 16 24 R 21 12 17 R 21 273
M 15 12 11 23 17 20 16 18 14 R R R 13 R 14 11 R 15 R 17 R 25 273
N 19 14 12 25 R 24 19 28 28 R R 29 17 R 18 R 14 19 12 22 12 24 2275
0 15 14 12 13 16 22 22 26 29 R R 28 17 R 18 R 10 17 12 19 R 28 2275
P R R 13 14 18 22 R 10 24 R R 21 17 R 15 20 10 16 12 17 10 25 273
Q 16 11 11 25 17 23 23 21 27 R R 27 17 R 18 25 11 15 13 18 R 13 182
R 15 12 11 24 17 22 16 17 23 R R 24 12 R 15 22 14 16 12 18 R R 2275
S 26 15 R 12 R 22 10 20 27 R R 30 15 R 12 25 16 25 11 22 22 34 2275
T 21 13 17 27 22 27 27 27 27 R R 2 17 R 17 28 11 19 13 21 R 30 182
U l6 12 12 30 18 27 27 15 29 R R 31 19 R 17 2 R 12 12 23 R 31 2275
A 29 19 18 28 26 24 26 29 31 R R 32 15 R 15 25 14 27 11 21 23 30 13.65
\ 12 R 20 23 29 23 2 R 40 R R R 12 R 10 24 R R R 13 R R 4095
X 17 12 10 28 18 24 25 26 27 R R 27 16 R 15 23 11 15 13 16 R 27 182
Y 29 16 20 26 26 23 26 29 27 R R 29 16 R 17 27 15 24 14 15 23 R 182
z R R 20 18 27 21 16 R 32 R R 26 12 R 15 19 R 27 13 16 17 15 3185
Al 29 15 19 20 27 27 29 31 24 R R 29 15 R 17 19 12 25 12 25 23 R 182
Bl 34 20 20 3 3 17 13 20 18 R R 20 R R R 18 14 29 14 14 18 R 2275
Cl 29 19 21 29 26 18 R 24 R R R R 18 R 18 27 13 27 12 20 22 R 3185
DI R R 15 17 25 17 17 15 24 R R 24 11 R 15 22 R 24 11 14 14 R 3185
El 26 14 17 24 23 23 28 27 29 R R 27 14 R 15 28 13 29 11 20 22 32 13.65
F1 19 17 20 R 23 23 17 30 24 R R 30 16 R 14 17 20 22 10 15 25 14 182
Gl 26 16 19 18 28 26 24 24 27 R R 26 16 R 16 28 13 25 11 16 16 15 13.65
HI 17 12 13 25 18 22 R 25 27 R R 26 16 R 17 23 R 16 10 20 R R 3185
1l 29 15 24 30 30 21 21 25 25 R R 29 20 R 17 26 13 25 12 20 23 30 13.65
J1 14 18 19 23 24 23 24 18 26 R R 32 13 R 18 23 13 22 13 18 12 19 1365
KI 29 15 23 29 27 26 25 31 28 R R 29 20 R 20 31 11 24 13 23 25 33 13.65
LI 40 29 24 R 35 17 23 33 28 R 22 35 11 R 12 24 31 33 R 14 24 R 2275
Ml 28 18 19 29 28 27 15 29 27 R 11 28 18 R 17 20 13 26 12 21 25 32 9.1
NI 37 29 26 R 33 13 19 30 23 R 18 33 12 R 13 21 32 3 R 33 21 R 2275
ol 12 R 15 20 28 20 21 18 40 R R 27 15 R 18 25 R 27 11 18 15 16 2275
Pl 37 24 22 R 31 11 20 23 21 R 15 29 12 R 12 18 29 29 R 17 24 R 2275
Ql 12 R 17 20 24 23 18 18 24 R R 27 12 R 20 25 R 19 12 12 22 15 2275
RI 28 17 18 28 28 26 19 30 22 R R 26 18 R 16 22 17 28 12 24 17 30 13.65
Sl 3 27 30 R 33 14 22 28 22 R R 30 28 R 13 20 15 30 18 18 21 R 2275
Tl 24 17 20 R 13 12 22 35 29 25 23 38 22 R 20 28 11 19 R 24 R R 2275
Ul 19 15 14 17 19 23 19 30 28 R R 21 21 R 16 27 R 19 10 22 11 20 182
VI 15 14 14 17 17 25 22 28 25 R R 22 R R 15 23 13 16 10 24 R 28 2275

MARY%: Multiple Antibiotic Resistance Index

revealed that 28 parasitic bacteria from the gut were affili-
ated to seven genera of Vibrio, Acinetobacter, Providencia,
Yersinia, Pseudomonas and Aeromonas. Generally, bacteria
are abundant in the environment in which fish live and it is
therefore, rather impossible to avoid them being a compo-
nent of their diet (Strom and Olafsen 1990; Hansen et al.
1992). This is probably the reason why a large number of
probiotics developed in aquaculture are bacteria directly
originating from the aquatic environment (Durand and
Durand 2010). The bacteria entering along with the diet of
fish during ingestion may adapt themselves in the gastro-
intestinal tract and form a symbiotic association. Within the
digestive tract of fish large numbers of microbes are present

(Trust et al. 1979; Rimmer and Wiebe 1987; Clements
1991; Luczkovich and Stellwag 1993; Ringo and Strom
1994; Clements and Choat 1995), which are much higher
than in the surrounding water indicating that the digestive
tracts of fish provide favourable ecological niches for these
organisms (Trust and Sparrow 1974; Horsley 1977; Austin
and Al-Zahrani 1988; Sakata 1990). Definitely, not all bac-
teria in food which gain entry in the digestive tract of the
fishes establish themselves there (Wang ef al. 2008). Part of
them adapts themselves in the digestive tract, where as the
others are digested by the enzymes produced by the host
organism. In this study, 48 cellulolytic bacteria from the
intestine and intestinal content samples were identified. The
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present study was restricted to the aerobic bacterial popula-
tion in the digestive tract of grass carp, as preliminary study
showed lack of anaerobic flora. Moreover, the absence of
microorganisms in CMC culture plates, incubated with
hepatopancreatic extracts, in our experiment corroborated
with the observations of Trust and Sparrow (1974), who
also failed to demonstrate the presence of viable bacteria in
the liver of freshwater salmonids. More than 60% of the
isolates identified in this study, were Bacillus species (B.
subtilis, B. circulans, B. marinus, B. coagulans, B. cereus
and B. megaterium) based on their growth and pigmentation
on Hicrome Bacillus agar. In resemblance to our study,
Hicrome Bacillus agar based on the formulation of MYP
(Mannitol Yolk Polymyxin B) agar by (Mossel ef al. 1967)
was efficiently used for the rapid identification of Bacillus
species based on chromogenic property. In this study the
cellulase producing strains produced various degrees of -
glucosidase and exoglucanase activities. Some isolates such
as Actinobacillus (0.180 U/ml/h), Erwinia (0.181 U/ml/h)
and Bacillus (0.186 U/ml/h) were good producers of B-glu-
cosidase and strains such as Micrococcus (0.190 U/ml/h)
and Bacillus (0.107 U/ml/h) were good producers of exo-
glucanase whereas some strains produced negligible activity.
It was previously reported that Bacillus sp. being most
potent producer of cellulase showed an activity of 0.112
U/ml/h (Dey et al. 2002). Ghosh et al. (2002) isolated
Bacillus species (B. circulans, B. pumilus and B. cereus)
from the gut of rohu and reported to be potent producer of
enzyme cellulase. Saha et al. (2006) also reported that
strains isolated from the gut of C. idella with maximum cel-
lulolytic property were aerobic, Gram-positive Bacilli. The
aim of screening and selecting most sensitive antibiotics
was to make the intestine devoid of native bacteria, particu-
larly the cellulose producing ones, as far as possible. The
assessment of cellulase production by individual isolated
cellulase producing bacteria would be possible when pre-
sence and effect of other native intestinal bacteria are neg-
ated. Hence, the total cellulase production would be attrib-
uted to the individual bacterium in a controlled environment.
The treatment of the grass carp with suitable antibiotics and
bath treatments with Bacillus species initially proved its
contribution to enzyme activity in the intestine although the
quantity of enzyme produced by bacteria alone could not be
ascertained. Earlier, Ninawe and Selvin (2009) also sug-
gested that Bacillus has been used successfully as probiotic
specie in fishes. In our study establishment of a potent
cellulase producer in the intestine of grass carp suggested
that such potent cellulase producers could be used for for-
mulating better aquafeed and incorporating them as pro-
biotic in other carp species. This will in turn improve the
digestion process and hence enhance the ability of stress
resistance and health of the fish.

CONCLUSIONS

The results of the present study indicated that the strains
isolated from the gut of grass carp are capable of producing
cellulolytic activity. Hence, the enzyme producing micro-
organisms can be beneficially used as a probiotic while
formulating the diet for fish, especially in the larval stages
when the enzyme system is not efficient.
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