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Background. The information on gut microflora in fish is scanty and there is a paucity of knowledge regarding
microbial enzyme activity in fish gastrointestinal tracts. Although some information is available on the enzyme-
producing bacteria in fish digestive tracts, almost nothing is known about their distribution in different regions
of the gut. In the present study, an attempt has been made to investigate the distribution of enzyme-producing
microflora in the foregut and hindgut regions of seven culturable freshwater teleosts.

Materials and Methods. Isolation and enumeration of aerobic bacterial flora in the foregut and hindgut regions
of the gastrointestinal tracts of seven freshwater teleosts of different feeding habits, namely rohu, Labeo rohita;
catla, Catla catla; mrigal, Cirrhinus mrigala; bata, Labeo bata; orange-fin labeo, Labeo calbasu; Nile tilapia,
Oreochromis niloticus; and climbing perch, Anabas testudineus, have been carried out. Microbial culture of the
gut mucosa on selected nutrient media, following the enrichment culture technique, was done for bacterial isola-
tion. Bacterial isolates were qualitatively screened on the basis of their extracellular enzyme-producing ability.
The selected strains were further quantitatively assayed for amylase, cellulase and protease activities.

Results. In general, bacterial population was lower in the foregut region of all the seven species of fish exam-
ined. Amylolytic strains were present in higher densities in the foregut region of orange-fin labeo and bata
(12.20 x 103 CFU - ¢! gut tissue and 11.50 x 10> CFU - ¢! gut tissue, respectively) in comparison to the hindgut
region. The cellulolytic population exhibited maximum densities in the hindgut region of bata (7.20 x 103 CFU - g!
gut tissue) followed by the foregut region of the same fish (5.50 x 10> CFU - g~! gut tissue). Amylolytic and cel-
lulolytic bacterial flora was not detected in both the fore and hindgut regions of climbing perch. Proteolytic bac-
terial flora was found in all the species of fish studied and the maximum count was observed in the hindgut region
of bata (13.40 x 10° CFU - g ! gut tissue), orange-fin labeo (9.00 x 10° CFU - g! gut tissue), Nile tilapia
(8.30 x 10° CFU - g! gut tissue) and climbing perch (7.20 x 103 CFU - g'! gut tissue). Minimum count of pro-
teolytic bacterial flora was observed in the foregut region of all the fishes studied. Peak amylase and cellulase
activities were exhibited by bacterial strains isolated from the foregut of orange-fin labeo (266.43 + 0.15 U) and
the hindgut of bata (64.01 £ 0.42 U), respectively. Maximum protease activity was exhibited by a strain isolated
from the hindgut region of orange-fin labeo (44.33 + 0.09 U), followed by the strains isolated from the hindgut
regions of climbing perch (32.87 + 0.12 U), bata (29.71 + 0.11 U), and Nile tilapia (29.46 + 0.11 U).
Conclusions. The results of the present study indicate that there is a distinct microbial source of digestive
enzymes apart from the endogenous sources in fish digestive tracts. The enzyme-producing bacteria isolated from
the digestive tracts can be beneficially used as a probiotic while formulating aquafeeds, especially in the larval
stages. However, further investigations are required to determine if the addition of such isolates to fish feeds do,
in fact, provide some kind of benefit to the fish involved before advocating their use.
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INTRODUCTION and reptiles (Stevens 1988). Only recently diverse micro-

Fermentative digestion occurs typically in animals bial communities have been reported from the guts of fish-
with a diet composed predominantly of plant material es (Clements 1997, Saha and Ray 1998, Bairagi et al. 2002,
(Bergman 1990) and symbioses with microorganisms Saha et al. 2006). These microbial populations grow upon
have been well studied in herbivorous mammals, birds, the food absorbed by the host animal, digestive secretions
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and fragments sloughed off the mucosal epithelium
(Lésel 1991). In general, the bacterial flora of the gas-
trointestinal tract represent a very important and diversi-
fied enzymatic potential and it seems logical to think that
the enzymatic mass lodged in the digestive tract might
interfere in a considerable way with a major part of the
metabolism of the host animal (Clements 1997). Though
considerable information is available regarding the intes-
tinal microflora of homeotherms and their role in digestion,
reports on the bacterial population in the gastrointestinal
tract of poikilotherms, including fish, and their role in
digestion are scanty. Although few reports concerning
microbial enzyme production in the gastrointestinal tract of
fish are available (Prejs and Blaszczyk 1977, Lindsay and
Harris 1980, Lésel et al. 1986, Das and Tripathi 1991,
Saha and Ray 1998, Ghosh et al. 2002, Bairagi et al. 2002,
Saha et al. 2006), information on the distribution of these
enzyme-producing endosymbionts in different regions of the
gut are scarce (Trust and Sparrow 1974, Sakata 1990, Mac
Donald et al. 1986, Ringe 1993, Ringe and and Strom 1994).

In the present study, an attempt has been made to iso-
late and enumerate the enzyme-producing microflora in
the foregut and hindgut regions of a few freshwater cul-
turable teleosts of different feeding habits. The amylolyt-
ic, cellulolytic, and proteolytic microbes from selected
fish species were isolated in pure culture and comparative
assay of extracellular microbial enzyme activity by these
isolates was conducted. The strains from the foregut and
hindgut regions of the gastrointestinal tracts exhibiting
maximum enzyme activity in the case of each enzyme
were screened.

MATERIALS AND METHODS

Fish examined. Seven species of adult freshwater
teleosts of different feeding habits, namely, the Indian
major carps (rohu, Labeo rohita; catla, Catla catla; mri-
gal, Cirrhinus mrigala; orange-fin labeo, Labeo calbasu);
minor carp (bata), Labeo bata; Nile tilapia, Oreochromis
niloticus; and climbing perch, Anabas testudineus were
selected for the presently reported study. The fish were
sampled from a pond near Santiniketan, West Bengal,
India (lat 23°41'30”"N, long 87°41'20"E) during
December to June, 2005-2006 when temperature varied
between 20 and 30°C. The feeding habits, average weight
and length of the fishes examined are presented in Table 1.
The fish were starved for 36 h prior to sacrifice in order to
clear their digestive tracts before being dissected.

Post-mortem examination. Immediately after being
pithed, the ventral surface of each fish was scrubbed thor-
oughly with 1% iodine solution (Trust and Sparrow 1974).
The fish were carefully dissected aseptically within lami-
nar airflow on ice slabs. The digestive tract was divided
into foregut and hindgut region as described by Ringe and
Strem (1994). The two regions were emptied and thor-
oughly rinsed five times in sterile 0.9% saline in order to
remove non-adherent bacteria. The two regions were sep-
arately homogenized with 10 parts of chilled 89% sodium
chloride solution with due care (Das and Tripathi 1991).

Microbial culture. Homogenate of the intestinal
mucosa of each of the test fish was used for microbial
culture after five serial 1 : 10 serial dilutions (Beveridge
et al. 1991). Samples (0.1 mL) were taken from each dilu-
tion and poured aseptically within a laminar flow on steril-
ized Tryptone Soya Agar (TSA) plates, in duplicate. These
culture plates were incubated at 34°C for 24 h. They were
subsequently examined for the developments of bacterial
colonies. The well separated colonies with apparently dif-
ferent morphological difference were streaked separately on
TSA plates to obtain pure cultures. Single, isolated colonies
from the streaked plates were transferred to TSA slants.

To isolate and enumerate amylase-, cellulase-, and pro-
tease-producing bacteria, diluted gut homogenate was
poured on starch-agar, carboxymethylcellulose (CMC)-agar,
and peptone-gelatin-agar media containing plates, respec-
tively. These culture plates were incubated at 37 + 1°C
for 24 h. It was assumed that the microflora, which had
formed colonies on the starch plate, had amylolytic activity.
Similarly, microflora grown on CMC plate, and peptone-gel-
atin plate were assumed to have cellulolytic, and proteolytic
activities, respectively. By multiplying the number of
colonies formed on each plate by the reciprocal of dilution,
colony numbers per unit sample volume of gut homogenate
were determined (Rahmatullah and Beveridge 1993).

Media composition. Tryptone Soya agar medium: 40 g
of TSA (Hi media Laboratories Pvt. Ltd., Mumbai, India)
suspended in 1000 mL of distilled water (pH 7). Starch
agar medium (g - L"): starch, 10; KH,PO,, 4; Na,HPO,, 4;
MgSO, - 7 H;0, 0.2; CaCl,, 0.001; FeSO, - 7H,0, 0.004;
Tryptone, 2; Agar, 15 (pH 7). Carboxymethylcellulose
(CMC)-agar medium (g - L™"): Carboxymethylcellulose, 10;
KH,PO,, 4; Na,HPO,, 4; MgSO, - 7H,0, 0.2; CaCl,,
0.001; FeSO,4 - 7H,0, 0.004; Tryptone, 2; Agar, 15 (pH 7).
Peptone-gelatin-agar medium (g - L™!): Peptone, 5; Gelatin, 4;
Beef extract, 3; Agar, 20 (pH 7).

Table 1

Average weight and length of the fishes examined

Fish species Feeding habits Average weight*[g]  Average length* [cm]
Labeo rohita Omnivorous, mostly plant matter 232.8 (1.3) 182 (1.7)
Catla catla Zooplanktophagous 216 (9.9) 13.2(1.5)
Cirrhinus mrigala Detritivorous 168.3 (6.5) 15.6 (1.1)
Labeo bata Herbivorous 117.8 (7.6) 8.2(0.7)
Labeo calbasu Detritivorous 1243 (7.9) 10.7 (1.1)
Anabas testudineus Carnivorous, mostly insects 22.2(2.7) 10.5 (1.1)
Oreochromis niloticus Omnivorous 87.6 (4.8) 13.6 (2.1)

* (in brackets): Standard deviation of mean of 3 determinations.
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Screening of isolates for extra-cellular qualitative
enzyme production. For screening of enzyme-producing
strains, bacterial isolates were streaked on starch-agar
medium, CMC-agar medium and peptone-gelatin-agar
medium and incubated for 48 h at 37 + 1°C to screen amy-
lase, cellulase, protease producing strains, respectively.
For screening of amylase producing strains, isolates were
streaked on starch (1%) supplemented nutrient agar plates
and incubated at 37 + 1°C for 48 h. After appearance of
the colonies on the starch-agar medium, the culture plates
were flooded with 1% Lugol’s iodine solution (Jacob and
Gerstein 1960) to identify amylase activity. Similarly, for
screening of cellulase producers, isolates were grown on
CMC-agar medium containing plates and flooded with
5 mL of Congo red dye prepared in 0.7% agarose
(Seakem HGT agarose, Cambrex India Pvt. Ltd.,
Mumbai, India) according to the method of Teather and
Wood (1982). The appearance of a clear zone around the
colony after flooding the plates indicated the presence of
cellulolytic activity. For extra-cellular protease production,
the isolates were streaked on peptone-gelatin enriched
nutrient agar (4% gelatin) plates and incubated at 37 + 1°C
for 48 h. The appearance of a clear zone around the colony
after flooding the plate with 15% HgCl, indicated the pres-
ence of proteolytic activity (Jacob and Gerstein 1960).

Quantitative enzyme assay. Respective selective
broth media were used as production media for a quanti-
tative assay of amylase, cellulase and protease production.
A loopful of selected strain was inoculated into Tryptone
soya agar (TSA) broth and incubated for 24 h at 37°C and
was used as the inoculum. The liquid production medium
of 25 mL was inoculated with 2% of the inoculum
obtained from seed culture. The culture flasks were incu-
bated for 72 h at 37 + 1°C. After incubation, the contents
were centrifuged at 10 000 g for 10 min, at 4°C and the
cell-free supernatant was used for enzyme assay.

Cellulase assay. The production of reducing sugars
due to cellulolytic activity was measured by dinitrosali-
cylic acid method (Denison and Koehn 1977) using 1%
CMC in sodium citrate buffer (0.1 M, pH 5.0) as sub-
strate. The production of reducing sugar (glucose) from
CMC substrate because of cellulolytic activity was meas-
ured at 540 nm using glucose as the standard. One cellu-
lase unit was defined as the amount of enzyme per mL
culture filtrate that released 1 pg of glucose per min.

Amylase assay. Amylase was assayed by the dinitrosal-
icylic acid method based on the estimation of reducing sug-
ars at 560 nm using maltose as the standard (Bernfeld 1955).
One amylase unit was defined as the amount of enzyme
per mL culture filtrate that released one microgram reduc-
ing sugar per min.

Protease assay. Protease activity was measured by
caseinase assay method (Walter 1984). One unit of
enzyme activity was expressed as the amount of enzyme
required liberating 1 pg of tyrosine per mL culture filtrate
per min under standard assay conditions.

Statistical analysis. The data were subjected to analy-
sis of variance (ANOVA) using Origin 6.1 software.
Duncan’s multiple range test (Duncan 1955) was
employed to test differences among means. The signifi-
cance of differences was tested at the significance level P
=0.5.

RESULTS

A considerable population of aerobic bacterial sym-
bionts has been isolated from the fore- and hindgut
regions of all the fishes studied (Tables 2 and 3). The bac-
terial population in tryptone soya agar (TSA) plate was
maximal in the hindgut region of bata (1.70 x 106 CFU - g"!
gut tissue), followed by mrigal (1.20 x 10° CFU - g'! gut
tissue) and minimum in the foregut region of Nile tilapia
(0.03 x 10° CFU - g! gut tissue). In general, bacterial
population was lower in the foregut region of all the seven
species of fish studied. While enumerating specific
enzyme-producing bacterial flora, it was observed that the
amylolytic strains were present in higher densities in the
foregut region of orange-fin labeo (12.20 x 10> CFU - g!
gut tissue) and bata (11.50 x 10> CFU - g! gut tissue) in
comparison to the hindgut region (2.30 x 103 CFU - g'!
gut tissue and 1.30 x 103 CFU - g”! gut tissue in bata and
orange-fin labeo, respectively). The cellulolytic popula-
tion exhibited maximum densities in the hindgut region of
bata (7.20 x 10* CFU - g'!' gut tissue) followed by the
foregut region of the same fish (5.50 x 10° CFU - g'! gut
tissue). Amylolytic- and cellulolytic bacterial florae were
not detected in both the fore- and hindgut regions of
climbing perch. Proteolytic bacterial florae were recorded
in all the species of fish studied and the maximum count
was observed in the hindgut region of bata (13.40 x 10°
CFU- g ! gut tissue), orange-fin labeo (9.00 x 10> CFU - g'!

Table 2
Aerobic bacterial count in foregut of fish digestive tract
CFU-g ! gut tissue
Fish species Bacterial count in Amylolytic Cellulolytic Proteolytic
TSA plate (x10°) bacteria (x10°) bacteria (x10°) bacteria (x10%)
Labeo rohita 0.06° 0.70¢ 0.10¢ 0.02¢
Catla catla 0.10° 4.00° 0.09° 0.08¢
Cirrhinus mrigala 0.08° 0.90¢ 0.03¢ 0.40°
Labeo bata 0.10° 11.50° 5.50° 3.40°
Labeo calbasu 0.20° 12.20° 0.40° 0.80°
Anabas testudineus 0.08° ND ND 0.90°
Oreochromis niloticus 0.03* 7.30° 1.50° 0.90°

ND = Not detected; Values with same superscripts in the same vertical column are not significantly different (P < 0.05).
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Table 3
Acrobic bacterial count in hindgut of fish digestive tract
CFU glintestinal tissue
Fish species Bacterial count in Amylolytic Cellulolytic Proteolytic
TSA plate (x10°) bacteria (x10?%) bacteria (x10°)  bacteria (x10%)
Labeo rohita 0.20° 0.02° 0.80¢ 4.00¢
Catla catla 1.00? 0.20° 0.60° 4.20°
Cirrhinus mrigala 1.20° 0.07° 0.80¢ 3.70¢
Labeo bata 1.70° 2.30? 7.202 13.40°
Labeo calbasu 1.10° 1.30° 0.95° 9.00°
Anabas testudineus 0.20° Nil Nil 7.20°
Oreochromis niloticus 0.10° 0.60° 4.00° 8.30°

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

gut tissue), Nile tilapia (8.30 x 103 CFU - g*! gut tissue)
and climbing perch (7.20 x 10°> CFU - g'! gut tissue).
Minimum count of proteolytic bacterial flora was
observed in the foregut region of all the fishes studied
(0.02 t0 0.90 x 10°> CFU - g'! gut tissue).

The intensity of extracellular enzyme production by
the bacterial strains isolated from the gut of the selected
species of fish was assayed qualitatively (Table 4).
Among these isolates, six amylase, six cellulase, and ten
protease producers were selected (from both the foregut and
hindgut regions) for quantitative enzyme assay (Figs. 1-3).
Peak amylase- and cellulase activities were exhibited by
the bacterial strains CF5 and BH4 isolated from the
foregut of orange-fin labeo and the hindgut of bata,
respectively. Maximum protease activity was observed in
CH22, the strain isolated from the hindgut region of
orange-fin labeo, followed by the strains TH1, BH4, and
NHS, isolated from the hindgut regions of climbing perch,
bata, and Nile tilapia, respectively.

DISCUSSION

Generally, bacteria are abundant in the environment in
which fish live and it is therefore, rather impossible to
avoid them being a component of their diet (Strem and
Olafsen 1990, Hansen et al. 1992). The bacteria entering
along with the diet of fish during ingestion may adapt
themselves in the gastrointestinal tract and form a symbi-
otic 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, Ringe and Strom 1994, Clements and
Choat 1995), which is much higher than in the surround-
ing water indicating that the digestive tracts of fish pro-
vide favourable ecological niches for these organisms
(Trust and Sparrow 1974, Horsley 1977, Austin and Al-
Zahrani 1988, Sakata 1990). However, the gastrointestinal
microflora of fish appears to be simpler than those of
endotherms. While the digestive tracts of endotherms are col-
onized mainly by obligate anaerobes (Finegold et al. 1983),
the predominant bacterial genera/species isolated from
most fish guts have been aerobes or facultative anaerobes
(Trust and Sparrow 1974, Horsley 1977, Sakata 1990,
Bairagi et al. 2002, Ghosh et al. 2002). In the present
study, attention has been focused on the aerobic gastroin-

testinal bacteria of seven Indian freshwater teleosts. But
only isolation and identification of bacterial flora do not
give a representative picture of the gut flora in the differ-
ent regions of the digestive tract (Savage 1977).
Therefore, more information is required on the adherent
bacterial genera in the different regions of the digestive
tract (Trust and Sparrow 1974, Trust et al. 1979,
MacDonald et al. 1986, Austin and Al-Zaharani 1988,
Strom and Olafsen 1990, Westerdahl et al. 1991, Ringo
1993, Ringe and Strem 1994). In the present investigation,
the presence of considerable population of bacterial flora
has been found in the foregut and hindgut regions of the
fish species and some of the strains exhibit amylolytic-,
cellulolytic-, and proteolytic activities.

Typical numbers of bacteria in fish intestines are 108
aerobic heterotrophic bacteria per 1 g and approximately
103 anaerobic bacteria per 1 g (Trust and Sparrow 1974,
Trust et al. 1979, Kamei et al. 1985). Austin and Al-
Zaharani (1988) noted a progressive decline in numbers
(3 x 103 to 2 x 10%) of heterotrophic bacteria along the
digestive tract (oesophagus, stomach, upper, and lower
intestines) of farmed rainbow trout, Oncorhynchus
myskiss. In contrast, Ringe (1993) recorded a progressive
increase in the numbers of bacteria in cultivated Arctic
charr from the foregut (2 x10) to the rectal region (4 x 10°)
of the intestine. In the present study, total bacterial popu-
lation was recorded highest in the hindgut region of all the
seven species of fish. However, on the basis of their
enzyme production ability, amylase producing bacteria
were found to be highly colonized in foregut region rather
than in the hindgut whereas, cellulase and protease pro-
ducing strains were highly colonized in the hindgut region
rather than in the foregut region in case of all the seven
species of fishes studied. Maximum numbers of amylase
producing strains (12.2 x 10%) were isolated from foregut
region of Labeo calbasu whereas, maximum number of
cellulase (7.2 x 10%) and protease (13.4 x 10%) strains
were detected in the hind gut region of Labeo bata.

An understanding of the contribution of endosym-
bionts to digestion requires information on the relative
importance of exogenous (produced by gastrointestinal
endosymbionts) and endogenous (produced by the host)
digestive enzymes (Clements 1997). In the present study,
some selected strains isolated from both foregut and
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Table 4
Bacterial strains isolated from fish gut and qualitative extracellular enzyme activity
Fish species Bacterial strains Amylase activity ~ Cellulase activity Pro.te'flse
activity

RH2 + + +
Labeo rohita RF3 + + +
RHS5 + + +
KH2 + + +
KF1 + + +
Catla catla KH3 n 4 +
KF2 + + +
MH5 + + +
L . MF2 + + +
Cirrhinus mrigala MH3 n n +
MF4 + + +

BH4 +++ ++++ +++
BF2 + ++ +
Labeo bata BH6 i T Tt
BF3 + + +

CH22 + ++ ++++
CF8 + + ++
CHI13 + + ++
CF6 + + +
Labeo calbasu CF5 it Tt Tt
CH7 + + +
CF3 o4 ++ +
CHS + + +
NHS5 + +++ ++
o " < miloti NE2 ++ ++ +
reochromis niloticus NH4 n it Gy
NF3 + + +

TH1 — — +++
. TF1 — — +
Anabas testudineus THD o _ Tt
TF2 — — +

++++, very high; +++, high; ++, moderate; +, low; —, nil.

hindgut regions were quantitatively assayed for cellulase,
amylase and protease activities to ascertain their role in
exogenous production of digestive enzymes.

The most important group of exogenous enzymes in
symbioses between terrestrial vertebrate herbivores and
microorganisms are cellulases, which degrade the cell
walls of vascular plants (Clements 1997). A number of
studies have examined cellulase activity in the alimentary
tracts of fishes, with mixed results. Much of the contro-
versy concerning the source of cellulase activity in the
intestinal tract of fish has arisen due to the inability to iso-
late cellulase-producing microorganisms from the intes-
tinal contents and to document diet-related fluctuations in
the level of cellulase activity (Luczkovich and Stellwag 1993).
Two explanations have been proposed to account for the
presence of cellulase in the digestive tracts of fish. The
first one suggests that intestinal tract-associated cellulase is
produced by an endosymbiotic microbial flora resident in

the intestinal tract. This hypothesis is supported by the fact
that no vertebrate has been shown to produce endogenous
cellulase (Yokoe and Yasumasu 1964, Barnard 1973). The
presence of cellulolytic bacteria in the digestive tracts of
fish and inhibition of cellulase production after antibiotic
treatment (Stickney and Shumway 1974, Saha and Ray
1998, Bairagi et al. 2002, Saha et al. 2006) also confirm
the presence of endosymbiotic cellulolytic bacterial flora
in fish gut. The results of the presently reported study
indicated that carboxymethylcellulolytic bacteria exist in
the digestive tracts of fish and support the hypothesis that
bacteria contribute to the exogenous production of cellu-
lase in fish. The presence of considerable population of
cellulolytic bacteria and their active role in extracellular
cellulase production in fish has also been confirmed in a
number of investigations (Lésel et al. 1986, Das and
Tripathi 1991, Saha and Ray, 1998, Bairagi et al. 2002, Saha et
al. 2006). The second explanation regarding the presence
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of cellulase activity in the digestive tracts of fish is that cel-
lulase may be derived from ingestion of plant detritus. In six
cyprinid and salmonid species, Prejs and Blaszczyk (1977)
showed that the activity of cellulase was correlated posi-
tively with the amount of dead plant materials, presum-
ably detritus, present in the digestive contents. The
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Fig. 1. Cellulase activity (U = ug glucose liberated - mL"!
of enzyme extract per min) in different strains
(1, BF2; 2, BH4; 3, BF3; 4, BH6; 5, CF5; 6, CH7,
7, CF9; 8, CHS; 9, NF2; 10, NH5; 11, NF3; 12,
NH?7) isolated from the foregut and hindgut of
bata, orange-fin labeo, and Nile tilapia; error bar
showing standard deviation among three repli-
cates; means with different letters are significant-
ly different (P < 0.05)
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Fig. 2. Amylase activity (U = ug maltose liberated - mL !
of enzyme extract per min) in different strains
(1, BF2; 2, BH4; 3, BF3; 4, BH6; 5, CF5; 6, CH7,
7, CF9; 8, CHS; 9, NF2; 10, NH5; 11, NF3; 12,
NH?7) isolated from the foregut and hindgut of
bata, orange-fin labeo, and Nile tilapia; error bar
showing standard deviation among three repli-
cates; means with different letters are significant-
ly different (P < 0.05)
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Fig. 3. Protease activity (U = ug tyrosine liberated - mL~'l
of enzyme extract per min) in the different strains
(1, BF2; 2, BH4; 3, BF3; 4, BH6; 5, CFS5; 6, CH7; 7,
CF9; 8, CHS8; 9, CF2; 10, CH22; 11, CFe; 12,
CH23; 13, NF2; 14, NHS; 15, NF3; 16, NH7; 17,
TF1; 18, TH1; 19, TF2; 20, TH2) isolated from the
foregut and hindgut of bata, orange-fin labeo, Nile
tilapia, and climbing perch; error bars showing stan-
dard deviation among three replicates; means with
different letters are significantly different (P < 0.05)

authors suggested that the detritus was colonized inten-
sively by bacteria before ingestion, which implied that the
detritus-colonizing bacteria were responsible for the cel-
lulase activity detected in the gut contents. In the present
study, cellulolytic bacterial flora was not detected in the
digestive tracts of the carnivorous climbing perch, Anabas
testudineus. Bairagi et al. (2002) also did not detect any
cellulolytic bacteria in the gut of a carnivorous catfish,
Clarias batrachus and murrel, Channa punctatus. But the
fish with herbivorous and omnivorous feeding habits
exhibited significant cellulolytic bacterial flora.
Therefore, plant- and detritus-associated cellulase source
in fish digestive tracts also cannot be ruled out.
Shcherbina and Kazlauskiene (1971) suggested that an
endogenous cellulase is secreted in the anterior portion of
the digestive tract of carp, while the remaining cellulose
absorption takes place in the posterior portion of the
digestive tract, indicating the presence of microbial cellu-
lase in this region. Our observation is in agreement with
this probable microbial cellulolytic action since more pro-
nounced microbial cellulase activity was recorded in the
bacterial strains isolated from the hindgut regions of Labeo
bata (strains BH4 and BH6) and Oreochromis niloticus
(strains NH5 and NH7). On the contrary, the strains isolat-
ed from the foregut region of Labeo calbasu (strains CH7
and CHS) exhibited higher cellulolytic activity.

The activity of carbohydrases in general, and of amy-
lase in particular, differs from species to speies, and
appears to be related to their feeding habits (De Silva and
Anderson 1995). Amylase is secreted by the entire intes-
tine in Indian major carps, Catla catla, Labeo rohita, and
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Cirrhinus mrigala, and its activity is high towards the
proximal end (Dhage 1968). Although reports on micro-
bial amylase activity in fish gut are scanty, endogenous
amylase activity in fish is evident. Das and Tripathi
(1991) reported high amylase activity in the gastrointesti-
nal tract of grass carp, Ctenopharyngodon idella, which
appeared to be the result of its omnivorous feeding habit.
In the present investigation, a considerable population of
amylolytic bacteria was detected in the fish species with
herbivorous and omnivorous feeding habits. Amylolytic
bacteria could not be detected in the carnivorous climbing
perch. Similar observation was also made by Bairagi et al.
(2002), who also could not detect any amylolytic bacteria
in the gut of carnivorous catfish and murrel. In contrast to
the cellulase activity, exogenous amylase production was
intense in the foregut region of the fish species studied
except in Labeo bata, where the hindgut exhibited higher
exogenous amylase activity. Das and Tripathi (1991) are
of opinion that there is a possibility of introduction of
these enzyme-producing microflora in fish digestive tracts
along with the food ingested, but, whether they form a
persisent population in the gut is doubtful. Since, the amy-
lolytic bacteria have been detected in fish guts after 36 h
of starvation in our study, it seems that some of the flora
forms a persistent population.

Although fish have an endogenous source of protease
in their digestive tracts, not much attention has been paid
to the microbial source of protease in fish. Ghosh et al.
(2002) suggested from their in vitro studies on enzyme-
producing bacterial flora that Bacillus circulans,
B. pumilus, and B. cereus, isolated from the alimentary
canal of Labeo rohita fingerlings were good producers of
proteolytic enzymes, though they did not quantify the
enzyme activity. Bairagi et al. (2002), however, quanti-
fied the proteolytic activity in the bacterial strains isolat-
ed from nine freshwater teleosts. They recorded highest
proteolytic activity in the bacterial strain TP3A, isolated
from the gut of Oreochromis mossambica. In the present
investigation, proteolytic bacteria were detected in the gut
of all the fish examined and maximum density of prote-
olytic bacterial population was observed in the hindgut
region of Labeo bata (13.40 x 10* CFU - g ! intestinal tis-
sue). However, assay of extracellular protease activity of
the bacterial isolates showed highest value in CH22,
a strain isolated from the hindgut region of Labeo calba-
su. In general, the strains isolated from the hindgut region
of the fish exhibited higher proteolytic activity.

CONCLUSION

The results of the present study indicate that a diverse
bacterial flora exists in the gastrointestinal tracts of fresh-
water teleosts, which are highly colonized in the hindgut
rather than in the foregut region. There is also a distinct
microbial source of digestive enzymes (cellulase, amy-
lase, and protease) apart from the endogenous sources in
fish gastrointestinal tracts. The presence of a diet-depend-
ent microbial population is also evident in the present
investigation. The results also present a scope for fish

nutritionists to utilize the enzyme-producing bacterial iso-
lates as a probiotic in formulating cost-effective
aquafeeds, especially for the larval stages when the
enzyme system is not efficient. However, further investi-
gations are required to know about the metabolic path-
ways used by these microorganisms in the alimentary
tracts of fish.
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