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Abstract The cellulase activities of bacterial strains
in the intestine of grass carp were analyzed, using
filter paper and absorbent cotton as substrates and
measuring the concentration of glucose by calorime-
try. Six strains were isolated and determined high
cellulase activity in all grass carp. Strains showed
different abilities to produce cellulase, which suggests
that they interact in the grass carp intestine to digest
cellulose. The presence of cellulose activity suggests
that grass carp have the ability to digest cellulose in
the diet. The cellulase enzymatic activity increased
dramatically after 6 days of culture and reached its
peak at the 7th day. Microbes are probably the main
source of cellulase in grass carp diets.
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Introduction

Cellulose is produced by plants and is recycled by
microbes. It is a sustainable energy resource, as one of
the main components of plants and also the most
abundant organic materials in the world. The structure
of cellulose in plants is very complicated and difficult
to degrade because of its unique molecular structure.
Cellulose can not be degraded directly by animals, but
only by some microbes such as bacteria and fungi
(Xiao et al 2002). Cellulose is thought to be
indigestible and therefore of little nutritional value in
formulated fish feeds. It is vitally important to
develop methods to improve enzymatic hydrolysis of
cellulose, since developments in fishery nutrition and
aquaculture technology have encouraged the use of
cheaper feed ingredients, including cellulose. Enzy-
matic hydrolysis of cellulose has been extensively
reported since the utilization of cellulosic biomass as
a renewable resource has great potential for reducing
emissions of carbon dioxide to help prevent global
warming (Claassen et al 1999; Li et al 2004a, 2004b,
2005). However, despite the fact that many studies
have been conducted worldwide, the significance of
cellulose in fish diets is not yet fully elucidated.
Fishes cannot produce cellulase and thus, they can not
utilize cellulose directly.

Some reports have suggested that soluble, high
molecular weight non-starch polysaccharides such as
those common in cellulose increase digestive viscosity
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and reduce digestive enzyme access to other nutrients
(Castanon et al. 1997; Bedford 2000; Francis et al.
2001). In fishes this can result in poor growth and low
feed efficiency, depending on ingredient type and
proportion, in cultured fishes (Watanabe 2002).

Inclusion of exogenous enzymes as additives in
plant-based feeds has greatly improved feed utiliza-
tion in terrestrial animals (Bedford 1995; Castanon et
al. 1997; Bedford 2000). Cellulase isolated from grass
carp must be adapted to the internal environment of
the fish intestine and have the ability to effectively
digest cellulose. In this study, bacterial strains with
cellulase-producing ability were identified from the
intestine of grass carp. The capacity of cellulase to
hydrolyze chemically defined cellulosic substrates
was evaluated and it was determined that it might
play a significant role in the utilization of plant
materials in fish diets.

Materials and methods

Isolation and screening of microbes

Sample collection: Ten 10 grass carp were purchased
from a retail market, having been fed mainly grass.
Their individual live weights were 3.91, 3.94, 3.97,
3.97, 3.99, 4.00, 4.02, 4.03, 4.05, and 4.08 kg,
respectively. The full length of the intestine from
each fish was removed and food collected. Intestine
lengths ranged from 79 to 144 cm.

In the first round of screening (Horikoshi et al.
1984), 1 gm of food from the intestine was ground
and 9 ml of de-ionized (DI) water added to dissolve
the material. This solution was diluted by 10 times to
10–1, 10–2, 10–3, 10–4, 10–5, 10–6 and then 0.1 ml of
the diluted solutions was inoculated onto plates and
cultured at 37°C. Na-CMC was used to detect endo-
β-1,4-glucanase activity. 0.1 ml of the screening
strain suspension was added to the cellulose medium
and mixed it at 50°C. The clearance area around
colonies of strains of cellulase producing microbes
was recorded as white medium.

In the second round of screening (Qi 2003), the
diameter of the clear area was measured around each
circle. The ratio of the diameter of the circle and the
clearance area for each strain were calculated. Those
with high clearance cycle/strain cycle ratios were
selected for further testing.

Cellulase enzymatic activity measurement

The glucose concentrations in enzyme assays (see
Wave length for the production after cellobiose,
cellotriose and glucose oxidized by DNS) was
determined relative to a standard curve for glucose
in sodium acetate buffer (Liu 2002). Selected strains
obtained were inoculated into 10 ml of Na-CMC
medium and cultured them at 37°C for 5, 6 and
7 days. 1 ml of the supernatant was used to measure
β-1,4-glucosidase activity, 0.5 ml of which was used
to measure exo-β-1,4-glucanase and endo-β-1,4-
glucanase activity. Control tubes were heated in
boiling water for 5 min to inactivate them. After
allowing the samples to cool, 2 ml of acetic acid/
sodium acetate buffer and 2 ml of Na-CMC were
added to the β-1,4-glucosidase activity assay. 2 ml of
acetic acid/sodium acetate buffer and 2 ml of
absorbent cotton were added to the assay for exo-β-
1,4-glucanase activity. 2 ml of acetic acid/sodium
acetate buffer was added to a sample of 1 cm×3 cm
filter paper to assay for endo-β-1,4-glucanase activity.
Tubes were incubated at 50°C for 5 min and then
cooled with ambient temperature water. 2 ml of 3,5-
dinitrosalicylic acid (DNS) was added to the tubes,
which were then placed tubes into 100°C bath for
5 min, allowed to cool with tap water and made the
final volume to 10 ml. Optical density (OD) was
measured at 490 nm.

b�1; 4� glucosidase ¼ B

1:0
μg=ml�5min�50�C

endo�b�1; 4� glucanase ¼ B

0:5
μg=ml�1h�50�C

exo�b�1; 4� glucase ¼ B

0:5
μg=ml�24h�50�C

where B is the weight (μg) obtained from the standard
curve above.

Wave length for the production after cellobiose,
cellotriose and glucose oxidized by DNS

The most commonly-used wavelengths for detecting
oxidized and reduced DNS by cellobiose, cellotriose
and glucose are 550 nm, 540 nm 520 nm and 490 nm,
respectively. The OD value obtained was different
from wavelengths for the detection of reduced DNS
and the resultant enzymatic activity was measured.
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The absorption properties of the deoxidized DNS by
cellobiose, cellotriose and glucose were studied.
Brown-red products had strong absorption between
the wave lengths of 540–470 nm with a peak at
490 nm. Thus a wave length of 490 nm was used to
detect cellulase activity.

Results

Screening of cellulase producing microbes

After the first round of screening with cellulase
selective medium, positive strains were transferred to
plates for the second round of screening at 37°C to
culture for 48 h. Strains were picked out by colony
morphology observation. Strains obtained were trans-
ferred from the second round screening to new plates
to purify them. 31 strains were screened and 2 strains
with cellulase activity were obtained.

The strains obtained were further inoculated to a
liquid fermentation medium. The strains were cul-
tured and levels of β-1,4-glucosidase, endo-β-1,4-
glucanase and exo-β-1,4-glucanase activity were
measured. 6 strains of microbes with relatively high
cellulase activity were collected and designated as:
X1, X2, X3, X4, X5 and X6 (shown in Table 1).

The effect of pH on absorbance

Two milliliters of acetic acid/sodium acetate buffer
with different pH was added to the samples. 1 ml of
enzymatic solution with 0.5% CMC-Na Two milli-
liters was then added, after complete hydrolysis at 50°
C, DNS was then added and the absorbance was
measured. The absorbance was the highest at pH 4.8
which was why the acetic acid/sodium acetate
solution was chosen for the experiment.

The effect of culturing time on cellulase production

The X1 microbe was chosen to study the effects of
culturing time on cellulase production. Cultures on
filter paper fermentation medium were obtained and
then analyzed for enzymatic activity. From the 3rd
day on, enzymatic activity was measured every 24 h
(Fig. 1).

Enzymatic activity increased dramatically after
6 days of culture and reached its peak at the 7th day
(Fig. 1). The enzymatic activity of the other microbe
strains obtained in this study was also studied. Similar
results for the enzymatic activity were obtained, with
the highest values around the 7th day. Therefore
cellulase activity was measured during the period
between 5 and 8 days.

Strain
number

Fermentation
time (days)

β-1,4-glucosidase
activity (OD490)

Endo-β-1,4-glucanase
activity (OD490)

Exo-β-1,4-glucanase
activity (OD490)

X1 5 0.004 0.007 0.1
6 0.021 0.027 0.13
7 0.056 0.096 0.11

X2 5 0.019 0.178 0.041
6 0.025 0.075 0.095
7 0.062 0.126 0.12

X3 5 0.097 0.001 0.107
6 0.15 0.025 0.145
7 0.14 0.074 0.137

X4 5 0.041 0.035 0.013
6 0.059 0.072 0.083
7 0.055 0.13 0.092

X5 5 0.083 0.028 0.063
6 0.164 0.016 0.019
7 0.159 0.149 0.056

X6 5 0.054 0.104 0.114
6 0.135 0.071 0.098
7 0.142 0.096 0.091

Table 1 Cellulose enzy-
matic activity after different
fermentation period (OD490)
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Cellulase activities and X-ray dispersion

According to the results obtained for the OD490/
glucose concentration above, the highest OD490,
which represented the cellulase activity, was mea-
sured between 5 and 7 days culture of all the microbes
to calculate the enzymatic activity (Table 1).

As shown in Table 2 and Table 3, the enzymatic
activity of the same strain of microbe was different on
different substrates. There were also differences in
enzymatic activity among different strains. Among all
the 6 strains, CMC enzymatic activity was higher in
X3, X5 and X6, with X5 obtaining the highest level
of activity. This indicates that this strain has a strong
ability to decompose water-soluble substrates. For
filter paper enzymatic activity, X2, X4 and X5
demonstrated high activity, with X2 obtaining the
highest. X2 had the greatest ability to decompose
multi-component cellulose substrates. Higher exo-β-
1,4-glucanase activity appeared in X1, X2 and X3,
with the highest level of activity being observed in
X3.

Discussion

There are a few reports concerning microbial flora and
microbial cellulase production in the intestinal tracts of
fishes (Stickney and Shumway 1974; Lesel et al. 1986;
Das and Tripathi 1991; Stellwag et al. 1995; Saha and
Ray 1998; Bairagi et al. 2002). Grass carp is a fish that
feeds only on hydrophytes in natural waters. Therefore,
there must be some kind of mechanism for them to use
plant resources effectively, which suggests that cellu-
lase plays an important role in their digestive system.
Because grass carp can not produce cellulase by itself,
there should be some cellulase-producing microbes in
the grass carp's intestine.

Grass carp with high intestinal microbial activity
may be supplied with additional carbohydrate energy
through alternative routes. Cellulase activity has been
observed in several fish species indicating that fish
may be able to utilize cellulose (Chakrabarti et al.
1995). Our experiment has demonstrated that cellulase-
producing microbes exist in the intestine of grass carp.

Appropriate amounts of dietary fibre are important
for digestion in fishes because fibre can enhance the
peristaltic movements of the intestine, stimulate the
secretion of digestive enzymes and enhance the contact
surface between food and enzymes. Previous reports
have demonstrated that microbes in the fish intestine
could secrete cellulase, which could help fish to digest
cellulose into cellobiose, cellotriose and other oligo-
saccharides and eventually into glucose to be utilized
by the fish. The grass carp gut is three times the length
of body. Because cellulose is difficult to digest and the
fish intestine is relatively long, food passes through the
intestine relatively slowly. Therefore, it is necessary to
add cellulase to fish feed to increase gut absorption.
Until now, few reports are available concerning the
application of cellulase in fish feed.

All of the six strains with high cellulase-producing
ability were obtained from the middle or rear part of
the intestine, while the strains screened from the front

Table 2 Cellulase activities of the 6 bacterial strains

Strain β-1,4-glucosidase
concentration
(u/ml)

Endo-β-1,
4-glucanase
concentration
(u/ml)

Exo-β-1,
4-glucanase
concentration
(u/ml)

X1 181 314.33 427.67
X2 201 587.67 394.33
X3 494.33 241 477.67
X4 191 427.67 301
X5 541 491 204.33
X6 467.67 341 374.33

Table 3 X-ray dispersion of different cellulose materials
(marked as crystallinity)

Cellulose
materials

In-between area
percentage of
cellulose

Crystallized percentage
in cellulose
crystallized area

Absorbent cotton 12.4 87.6
Filter paper 38.9 61.1

0 

0.02

0.04

0.06

0.08

0.1

0.12

3 4 5 6 7 8 9

 time/d 

OD490 

Fig. 1 The effect of culturing time on the enzymatic activity of
cellulose
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part of the intestine had relatively low cellulase
activity. This suggests that all these high cellulase-
producing strains were established and stable strains.
The cellulase activities for different strains were
found to be quite different. Some of them had high
CMC activity while some of them had high endo-β-
1,4-glucanase. This indicates that these strains might
work together to decompose cellulose in the grass
carp intestine.

As the grass carp do not have a stomach to digest
cellulose, it can only digest cellulose in its intestine.
Shcherbina and Kazlawlene (1971) suggested that
some portion of dietary cellulose is digested in the
anterior portion of the gut while the remaining portion
of the cellulose is digested in the posterior portion of
the digestive tract, indicating the probable presence of
microbial cellulase in the posterior region. Analysis of
the residual food obtained from grass carp intestine
showed that the ability for cellulose digestion was
very limited. Large amounts of cellulose were still
found even in the rear part of its intestine.

Bacteria in the diet of the fish may adapt them-
selves to the environment of the gastrointestinal
tract and form a symbiotic association. In our study,
a considerable population of bacterial symbionts was
isolated from the alimentary tracts of grass carp and
some of the strains were shown to exhibit significant
cellulolytic activity.
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