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Aquatic bacteria influence the composition of gut
microbiota in fish (Cahill 1990). Like all verte-
brates and invertebrates, fish also harbour micro-
bial populations in their digestive tracts (Trust &
Sparrow 1974). In all higher vertebrates food gets
digested by the action of enzyme secreted by host
and also enzyme produced by the intestinal micro-
biota (Kar, Roy, Sen & Ghosh 2008). Endogenous
digestive enzyme has been studied by several
workers in freshwater fish (Dhage 1968; Das &
Tripathi 1991). Few reports are also available with
regard to enzyme-producing gut bacteria of fresh-
water fish (Saha & Ray 1998; Ghosh, Sen & Ray
2002; Kar & Ghosh 2008; Kar et al. 2008; Askari-
an, Zhou, Olsen, Sperstad & Ring 2012; Khan &
Ghosh 2012). Different gut microbes having con-
siderable cellulase, amylase and protease activity
had been isolated from freshwater fish (Bairagi,
Sarkar, Sen & Ray 2004; Saha, Roy, Sen & Roy
2006; Mondal, Roy, Sen & Ray 2008). Gatesoupe,
Zambonino Infante, Chu and Quazuguel (1997)
reported amylase-producing Vibrio spp. isolated
from seabass (Dicentrarchus labrax) larvae. They,
however, did not specify the exact site of the gut
(proximal, mid or distal intestine) where the popu-
lation of these cellulase- and amylase-producing
microbes and the enzyme activity is maximum.
Reports on the existence of cellulase activity in the
digestive system of fish are with contradictory
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results (Ray, Ghosh & Ring 2012). The ruminants
can digest cellulose through the action of cellulose
secreted by the anaerobic gut fungi and bacteria
present in rumen. There is ongoing interest in
screening culturable cellulase-producing microor-
ganisms from different sources. The major aim of
this study was to investigate the autochthonous
cellulase-producing bacteria in the gastrointestinal
tracts of two brackishwater fish namely Asian sea-
bass and milkfish and they were used for nutrient
enrichment of the feed ingredients through solid-
state fermentation. The adult brackishwater fish
6 nos. of each species) were collected from brack-
ishwater tide fed farm of Kakdwip (Lat. 21°51’
15.01"-21°51'30.77"N, Long. 88°10'58.44"-
88°11'12.09"E), South 24 Parganas, West Bengal,
India. Fish were starved for 48 h to clear their ali-
mentary tracts before dissection (Bairagi, Sarkar
Ghosh, Sen & Ray 2002a; Kar et al. 2008). During
the sampling periods the water temperature varied
between 30°C and 35°C. The average weight,
length of fish and average weight of digestive tract
were recorded (Table 1).

Fish was thoroughly scrubbed with 1% iodine
solution after sacrifice (Trust & Sparrow 1974).
After dissection on ice the whole alimentary tract
was removed and cleaned with chilled sterile phys-
iological saline (0.9% NaCl in PBS buffer, pH 7.2).
Subsequently, the pieces of digestive tract were
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homogenized with sterilized normal saline solution
(NSS). The homogenate was used as inoculum for
microbial culture (Das & Tripathi 1991). Likewise,
to study the microbial population in different sec-
tion of digestive tract, the alimentary tract was
removed, cut into three portion in equidistance
(Proximal intestine, PI; Mid intestine, MI and Dis-
tal intestine, DI) and homogenized.

The homogenate was serially diluted in NSS up
to 10710 dilution (Beveridge, Sikdar, Frerichs &
Millar 1991). The 0.1 mL of each dilution was
poured aseptically on Tryptone soya agar (TSA),
Carboxymethyl cellulose (CMC) agar, Starch agar
(SA), Peptone gelatin agar (PGA) and Tributyrin
agar (TBA) for total gut microbial, cellulolytic,
amylolytic, proteolytic and lipolytic microbial
count, respectively, in duplicate. Plates were incu-
bated at 34°C for 48 h. The colony with different
shape, size, colour and transparency was selected
as separate isolate and was streaked on TSA, CMC
agar and SA plates to obtain the pure culture. Cel-
lulase, amylase and protease activity of whole gut
and different portion of gut were assayed following
method of Denison and Koehn (1977), Bernfield
(1955) and Walter (1984) respectively.

The pure colonies were screened and shortlisted
based on the morphological, physiological and bio-
chemical tests (Jacob & Gerstein 1960; Teather &
Wood 1982; Williams, Sharp & Holt 1986; Saha
et al. 2006).

Identification based on the phenotypic characters
was further confirmed by the analysis of partial
16S rDNA sequences as described by Roy, Mondal
and Ray (2009). The PCR products were bidirec-
tionally sequenced using forward, reverse and an
internal primer. Sequencing was done with ABI
3130 Genetic Analyser and the sequenced data
were aligned and analysed for finding the closest
homolog of the microbes with National Centre for
Biotechnology Information (NCBI) GenBank data-
base. Phylogenetic trees were made in Seq Scape_v
5.2 software using the Neighbour-Joining method
with Bootstrap analysis. The partial sequences of
16S rDNA were deposited in the NCBI GenBank
database to obtain accession numbers.

Two locally available fibre rich low cost feed
ingredients, rice bran (RB) and sunflower cake
(SFC) were selected for solid-state fermentation
(SSF) study. The ingredients were fermented with
two potential gut bacteria i.e. Bacillus sp. DDKRC1.
(LCS8), isolated from the gut of seabass, B. subtilis
DDKRC5. (CC8), isolated from milk fish. Bacillus

Lipolytic bacterial
count in TBA plate

(x 10%) (CFU g~'
digestive tract tissue)**
0.49 + 0.05%

Proteolytic bacterial
count in PGA plate

(x 10*) (CFU g~'
digestive tract tissue)**

6.32 + 0.10°

Amylolytic bacterial

count in SA plate

(x 10%) (CFU g~'

digestive tract tissue)**
2.68 + 0.04%

Cellulolytic bacterial
count in CMC plate
digestive tract tissue)**

(x 10°) (CFU g~
0.22 + 0.012

in TSA plate(x 10°)
(CFU g digestive

Total microbial count
tract tissue)**

16.17 + 0.17  60.19 + 0.27°

Average
weight of
digestive
tract (g)

Average
length (cm)
903.33 + 38.44 39.66 + 0.88

Average
weight (g)

Table 1 Morphometry with microbial population of different fish species

Fish
species
L. calcarifer

© 2012 Blackwell Publishing Ltd,
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in PI and MI of L. calcarifer, but in C. chanos it was
similar in all the region of gut (Table 2).

On the basis of colony morphology, 12 types of
isolates i.e. LC1, LC2, LC3, LC4, LC5, LC6, LC7,
LCS8, LCY, LC10, LC11 and LC12 from the gut of L.
calcarifer and nine isolates i.e. CC1, CC2, CC3, CC4,
CC5, CC6, CC7, CC8 and CCY from the gut of C. chanos
were isolated in pure form. Among all isolates from
L. calcarifer, LC8, LC9 and LC5 exhibited maximum
cellulolytic (54.63 U), amylolytic (26.15 U) and
proteolytic (6.23 U) activity respectively. Among
the isolates from C. chanos, CC8 exhibited maximum
cellulolytic (15.74 U), amylolytic (26.16 U) and
proteolytic (8.03 U) activity (Table 3). Three poten-
tial isolates, i.e. LC8, LC9 and CC8 were then char-
acterized for identification.

All the three isolates were Gram positive, rod-
shaped, aerobic and endospore producers. They
could tolerate a wide range of pH (5-10) and tem-
perature (15-40°C) but salinity tolerance level was
up to 2% NaCl concentration, which probably
enabled the organisms to adapt to a wide range of
temperature and pH (Ghosh et al. 2002). They all

were capable of utilizing cellulose as sole carbon
source and gelatin as amino acid source (Table 4).
All the three isolates produced nitrate reductase but
could not produce indole from tryptophan. They
were capable of producing acid from glucose,
sucrose and lactose and showed positive oxidation—
fermentation (OF) test of glucose. All the isolates
showed negative response to H,S production. In
contrast with these common characteristics, those
three isolates differed in many other characters. LC8
produced gas in glucose peptone broth, but LC9 and
CC8 did not produce gas in same broth. LC9 and
CC8 could utilize citrate whereas LC8 could not.

Based on nucleotide homology and phylogenetic
analysis, most potential cellulase-producing bacterial
strain LC8 was identified as Bacillus sp. DDKRC1.
(NCBI Accession no. JN641289) with, match score
of 99.1% with Bacillus sp. LP1MB. (GU272341).
Similarly, LC9 and CC8 were identified as B. subtilis
subsp. subtilis DDKRC2. (JN641290) and B. subtilis
DDKRC5. (JN641293) with 99% similarity with
Bacillus subtilis JHDC68. (HM585063) and Bacillus
sp. LS02. (GU972596.1) respectively.

Table 3 Cellulase, amylase and protease activities of different isolates from gut of Lates calcarifer and Chanos chanos

Enzyme activity

Fish species Bacterial isolates

Specific Amylase activity**t Specific Cellulase activity**t Specific Protease activity**§

L. calcarifer LCA -

LC2 -
LC3 17.69 + 0.04°
LC4 19.90 + 0.05¢
LC5 17.55 + 0.05°
LC6 20.08 + 0.07°
LC7 14.72 + 0.03°
LC8 20.80 + 0.05°
LC9 26.15 + 0.029
LC10 -
LC11 13.86 + 0.08%
LC12 23.57 + 0.07'
C. chanos CCt 23.25 + 0.06%
cc2 10.26 + 0.08°
CcC3 19.96 + 0.03°
cc4 18.98 + 0.02°°
CC5 17.81 + 0.02°
CC6 -
cc7 -
ccs 26.16 + 0.038°
CcC9 20.43 + 0.017°

- 473 + 0.01°
7.57 + 0.05° 5.56 + 0.02"
45.53 + 0.03° 7.05 + 0.13"
44.24 + 0.11° 4.97 + 0.01¢
41.42 + 0.03° 6.23 + 0.05°%
- 3.04 + 0.032
7.60 + 0.02° 5.15 + 0.02°
54.63 + 0.04' 6.09 + 0.02°
15.93 + 0.05° 4.70 + 0.01°
43.56 + 0.04° 5.02 + 0.01%
1.09 + 0.05% 451 + 0.00°
6.90 + 0.02° 6.17 + 0.019
7.30 + 0.07° 5.59 + 0.07°
1.23 + 0.05% 4.76 + 0.01°
4.61 + 0.03° 4.75 + 0.02°
7.56 + 0.06° 6.40 + 0.01°
- 3.66 + 0.012
2.45 4+ 0.01% 4.90 + 0.02°
3.35 + 0.02° 5.47 + 0.02¢
15.74 + 0.03¢ 8.03 + 0.02"
- 6.60 + 0.01°

Values bearing different superscripts in a column under each fish species differ significantly.

TMicrogram of maltose liberated per mg of protein per min.
fMicrogram of D-glucose liberated per mg of protein per min.
§Microgram of L-tyrosine liberated per mg of protein per min.
*#*p < 0.01.

© 2012 Blackwell Publishing Ltd, Aquaculture Research, 1-8
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Table 4 Biochemical characteristics of LC8, LC9 and
CcC8

Characteristics

Tests LC8 LC9 CccCs

Gas production from glucose

Methyl red test +
Voges Proskauer test -
Indole test — — —
Nitrate reduction test +
Oxidation/fermentation of glucose +
Oxidase test -
Casein hydrolysis +
H,S production - - -
Citrate utilization test

Catalase test +
Urea hydrolysis - - —
Starch hydrolysis

Cellulose hydrolysis

Gelatin hydrolysis

Tributyrin hydrolysis

Acid production from carbohydrates
Glucose, sucrose, lactose

Mannitol, xylose + +

+ o+
+ o+

+ o+ o+ o+
+ o+ o+ o+

+ o+
+ o+

+

+ o+
+ o+ o+ o+

+ o+ o+ o+ o+

—, negative; +, positive.

Among these three promising isolates, two iso-
lates i.e. LC8 with peak cellulase activity
(54.63 U) and CC8 with peak amylase (26.16 U)
and protease (8.03 U) activity were used for solid-
state fermentation study.

From solid-state fermentation study, it was
observed that 60% moisture and 48 h incubation
was optimum for fermentation of rice bran with
Bacillus sp. DDKRC1. and B. subtilis DDKRC5. In
case of sunflower cake, 50% moisture and 72 h
incubation was optimum for fermentation with
Bacillus sp. DDKRC1. and 60% moisture and 48 h
incubation was optimum for B. subtilis DDKRC5.
with regard to dry matter loss and increase
(P < 0.05) in protein content. Fermentation of rice
bran and sunflower cake with Bacillus sp. DDKRC1.
for optimum period at optimum moisture level
resulted in increase in protein content by 19% and
8.32%, reduction in cellulose content by 6.6% and
14.65% and reduction in NFE content by 6.67%
and 7.14% in fermented rice bran and sunflower
cake, respectively, when compared with the control
i.e. fermentation at zero hour (Table 5). Whereas
fermentation with B. subtilis DDKRC5. increased the
protein content of 10.46% and 5.70%, reduced the
cellulose content of 2.42% and 6.25% and reduced
NFE content of 9.86% and 10.31% in fermented

© 2012 Blackwell Publishing Ltd, Aquaculture Research, 1-8

rice bran, and sunflower cake, respectively, when
compared with the control.

In this study, autochthonous bacteria strongly
adhered to the gut having cellulolytic and amylo-
lytic activity were isolated after 48 h of starvation.

Higher cellulolytic bacterial population in the
gut of C. chanos, herbivore fish, as compared with
L. calcarifer, carnivore fish, in this study clearly
indicated that gut bacterial population changes
with feeding behaviour of host animal (Kar &
Ghosh 2008).

In general, bacteria are predominant in the
environment in which fish live and it is impossible
to avoid them being a component of their diet and
they have a beneficial effect in the digestive pro-
cesses of fish (Ring, Strm & Tabachek 1995).

Cellulolytic and amylolytic activity has been
observed in different microbes isolated from the
gastrointestinal tract of different fish e.g. tilapia
(Oreochromis mossambica), Chinese grass carp (Cte-
nopharyngodon idella) and common carp (Cyprinus
carpio) (Bairagi et al. 2002a and Saha et al. 2006).
Ghosh et al. (2002) studied the enzymatic potenti-
alities of B. circulans, B. pumilus and B. cereus iso-
lated from the gut of Labeo rohita. Bairagi et al.
(2002a) could not detect cellulolytic bacteria in
the gastrointestinal tract of carnivorous -catfish
and murrels. However, the result of the present
investigation showed that the presence of cellulo-
lytic bacteria in carnivores L. calcarifer which
might be due to the fact that carnivores may get it
from other invertebrates that harbour the cellulo-
lytic bacteria (Stickney 1975). In the present
investigation, cellulase activity was higher in PI
and DI of L. calcarifer and MI of C. chanos which
might be due to the presence of higher microbial
cellulase secreted by the cellulolytic microbiota
present in the respective region of L. calcarifer and
C. chanos. Shcherbina and Kazlauskiene (1971)
also reported cellulose digestion in posterior
portion of the digestive tract of carp indicating the
presence of microbial cellulase in this region. Amy-
lase activity was higher in DI of L. calcarifer and
MI and DI region of C. chanos but population of
amylolytic microbiota was higher in DI in both
the species. Higher protease activity in PI and MI
of L. calcarifer might be due to more endogenous
secretion in those regions. The results of this study
indicated that there was a distinct microbial
source of digestive enzymes apart from the endoge-
nous sources in fish digestive tracts. Similar find-
ings were also reported by Mondal et al. (2008).

Ul
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Table 5 Change of nutrient content of the feed ingredients fermented with potential gut microbes

Name of bacteria

Name of Ingredients Parameters

Bacillus sp. DDKRC1.

B. subtilis DDKRCS5.

Rice bran Optimum fermentation

condition

60% moisture & 48 h incubation

60% moisture & 48 h incubation

Increase in CP% 19.00 + 0.12° 10.46 + 0.14%
Decrease in Cellulose% 6.60 + 0.22° 2.42 4+ 0.152
Decrease in NFE% 6.67 + 0.112 9.86 + 0.06°

Sunflower cake Optimum fermentation

condition

50% moisture & 72 h incubation

60% moisture & 48 h incubation

Increase in CP% 8.32 + 0.05° 570 + 0.12%
Decrease in Cellulose% 14.65 + 0.21° 6.25 + 0.08%
Decrease in NFE% 7.14 + 0.05% 10.31 + 0.14°

Values bearing different superscripts in a column and row differ significantly P < 0.05.

The result of this study indicated that cellulo-
Iytic, amylolytic and proteolytic bacteria exist in
the digestive tract of Asian seabass and milkfish
and supported the hypothesis that bacteria con-
tribute to the production of cellulase, amylase and
protease in fish gut. These extracellular enzymes
from the intestinal microbiota potentially could
have a significant role in digestion, especially for
substrates such as cellulose, which few animals
can digest (Smith 1989).

Reduction in cellulose and NFE content of the
fermented ingredients in solid-state fermentation
(SSF) study might be due to secretion of cellulase
and amylase enzyme by the bacteria which could
help to reduce cellulose and available carbo-
hydrate, NFE. The increase (P < 0.05) in protein
content of the fermented feed ingredients may be
attributed to the proportional dry matter loss dur-
ing fermentation and also due to efficient biocon-
version of highly polymerized carbohydrates into
microbial protein and the production of different
types of enzymes (Vijayakumar 2003; Bhatnagar
2004; Joseph, Paul & Bhatnagar 2008). Fermenta-
tion thus resulted in nutrient enrichment of rice
bran and sunflower cake. The results of several
feeding trials indicated that the crude fibre level of
feed ingredients can be considerably reduced after
being fermented with extracellular enzymes spe-
cially cellulase-, amylase- and protease-producing
bacterial strains in solid-state fermentation process
(Bairagi, Sarkar, Sen & Ray 2002b; Bairagi et al.
2004; Ramachandran, Bairagi & Ray 2005; Saha
& Ray 2011). Joseph et al. (2008) reported that
there was initial decrease in crude protein content
in fermented ingredient mixture due to utilization

of available nitrogen of ingredients by Aspergillus
niger for its vegetative growth, followed by the
synthesis of protein through the process of biocon-
version resulting in an increase in protein content
of substrate with extended duration of fermenta-
tion. Similar observations in protein enrichment
were also reported by Singh, Linden, Johnson and
Tengerdy (1990) and Arora, Sehgal and Thapar
(2000) for fermented potato process waste using
Rhizopus oryzae.

The outcome of this study indicated that these
two bacteria isolated from the gut of Asian seabass
and milk fish were capable of producing cellulo-
lytic, amylolytic and proteolytic enzymes in vary-
ing quantities and can be beneficially applied for
nutrient enrichment of different feed ingredients.
There is scope for refinement of fermentation pro-
cess using both the bacteria together for nutrient
enrichment of different feed ingredients. The poten-
tiality of these enriched ingredients to replace fish
meal in diet of different aquaculture species and
effect of live supplementation of these two bacteria
in fish performance is a subject for further study to
make the aquaculture economically viable.
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