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Abstract

 In the present study, five cellulase producing bacterial strains were recovered from Tilapia gut 

region of healthy fish. After analysis of the samples (Fish gut), the total cellulase producing bacterial count 

in fish gut was found to be 1.7 × 10
5
, 2.4 × 10

5
, 4.1 × 10

6
, 5.6 × 10

7
 and 4.4 × 10

5
 CFU/g respectively. The 

morphological and biochemical data assures that the isolated strain belong to strains the strains Lactobacillus 

sp., Vibrio cholerae, Salmonella typhi, Bacillus subtilis and Staphylococcus aureus. Among the 5 strains, 

Bacillus subtilis exhibited largest zone of lysis (1.6 cm). Hence, it was selected for further production, 

optimization and characterization of cellulase enzyme. The maximum enzyme activity 125 U/ML was 

observed during the incubation time 18 hrs and the minimum enzyme activity at 30 hrs. The maximum 

enzyme activity 95 U/ML was observed during the temperature 30 °C and the minimum enzyme activity at 

25 °C. The maximum enzyme activity 79 U/ML was observed during the pH 7 and the minimum enzyme 

activity at pH 6. The maximum enzyme activity 63 U/ML was observed during the carbon source fructose 

and the minimum enzyme activity in maltose. The maximum enzyme activity 87 U/ML was observed during 

the nitrogen source beef extract and the minimum enzyme activity in yeast extract. The FT-IR spectrum of 

species cellulase showed major peaks lying with in this range 860.39 to 2860.27 cm
-1

 cellulase providing the 

present of cellulase substance the presence. In this present study, Bacillus subtilis strain was used produced 

maximum production which concluded to be in appreciable range. The optimum for the growth and enzyme 

production showed that the strain used was ideal for trade scale production. 
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1. Introduction 

 Enzymes are biocatalysts as they are 

molecules secreted by living cells as well as they 

are accelerating the biological reactions. Enzymes 

are essential, because in their absence the reaction 

the reaction in the cell would be too slow to 

sustain life. Cellulose is the most abundant  

 

*Corresponding author: K. Santhi 

renewable natural product in the biosphere. It is 

composed of long chains of D-glucose molecules 

linked in Beta-1, 4 configurations. Cellulose 

hydrolyzes Beta-1, 4- glucosidic bonds in 

cellulose and its derivatives while it acts on the 

non-biomass conversing methods have been 

proposed and employed ranging from direct 

chemical methods like acid hydrolysis and 
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pyrolysis to biological methods such as 

application of cellulose enzyme (Cooney et al., 

1979). Microbial sources of Cellulase and 

preliminary cost analysis for enzymatic hydrolysis 

of news print was reported by Asisipho Nkohla et 

al. (2017). Abdelnasser Salah Sheble Ibrahim and 

Ahmed El-diwany (2007) isolation, dentification 

of new cellulases producing thermophilic bacteria 

Anoxybacillus flavithermus, Geobacillus 

thermodenitrificans, G. stearothermophilus and 

Anoxybacillus flavithermus from an Egyptian hot 

spring and some properties of the crude enzyme.  

Most species of Bacillus strains have a 

high capacity to secrete a variety of extracellular 

enzymes such as amylase, arabinase, cellulase, 

lipase, protease, and xylanase, and these enzymes 

play important roles in many biotechnological 

processes (Sing and Hayashi, 1995). The 

microbial gut flora of fish has been studied by 

several workers. This includes, description of 

microbial spoilage, relation between environment 

and fish microflora, monitoring change in fish 

form, microbial flora as food of fish, microbial 

flora help in production of enzymes and antibiotic 

resistance profile of indigenous flora. Preceding 

research suggests that digestive enzymes present 

in fish digestive tract can elucidate some aspects 

of their nutritive physiology and thus be 

supportive to develop nutritional strategies for fish 

feeding and diet formulation (Fennington et al., 

1982). The inter-relationships between the micro-

biota and the host are clearly important as the 

health and imbalance between these systems 

appears to drive a wide range of mucosal and 

systemic immune mediated disorder. Several 

authors revealed the presence of micro-biota in 

fish gut and enzyme producing bacteria in the 

digestive tract. In the present investigation on the 

isolation, characterization and optimization of 

bacteria from fish gut with potentials for 

producing cellulase. 

2. Material and methods 

Isolation and Identification of cellulose 

producing bacteria 

The Oreochromis mossambicus samples 

were collected from the study sites Kaveripattinam 

river Krishnagiri district, Tamil Nadu. An amount 

of 1 g/ml of gut sample was suspended in 100 ml 

sterile dilution freshwater agitated for 45 min a 

shaker and 0.1 ml was spread on Cellulose agar 

plates (Nutrient agar with 1 % cellulose) and 

incubated at 30 °C for 48 hrs.  

Screening for Cellulose producing bacteria 

(Well diffusion assay) 

The isolated bacterial strains were 

incubated into cellulose as the 1% Carbox methyl 

solution and 2 % agar with cellulose as the sole 

source of carbon. After an appropriate incubation 

was done at 28±2 °C for 48 hrs, the agar medium 

was flooded with an aqueous solution of Congo 

red for 15 min. The Congo red solution was 

poured off, and plates were further treated by 

fooling with 1 ml NaCl for 15 min. Based on the 

diameter of clearance, the organisms was selected 

for identification and further study. The selected 

strain incubated for production of cellulose in 

submerged culture in a salt medium (Ekperigin, 

2007). Cellulose activity was assayed by the 

determination of reducing sugar released from 

Carboxyl Methyl Cellulose (CMC), 0.5 ml of 

culture supernatant fluid was incubated with 0.5 

ml 1 % CMC in 0.05 m sodium acetate buffer, pH 

4.8 at 4 °C
 
for 1 hour. The reducing sugar product 

was assayed by the Dinitrosalicylic (DNSA) 

method (Miller, 1959).  

Optimization of culture conditions for enzyme 

production 

The culture conditions (incubation period, 

pH, temperature, different sources of Carbon and 

Nitrogen) were optimized for maximum enzyme 
production using cellulose producing medium. 

Cellulase production was studied at incubation 

period (12 hrs – 30 hrs), temperature (25 – 40 °C), 

different pH (6 - 7.5), different carbon sources 1 g 

(Sucrose, Fructose, Mannitol and Maltose) and 

different nitrogen sources 1 g (Yeast extract, Beef 

extract, Peptone and Ammonium nitrate). Enzyme 

production was followed up to 96 hrs. The 

medium was incubated at 30 °C
 
for 72 hrs in a 

shaker. 
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Ammonium sulfate fractionation of the enzyme 

This is a technique used in the partial 

purification of enzyme. About 100 ml of culture 

filtrate was treated with ammonium sulfate of 20 

%, 40 %, 60 % and 80 % saturation and most of 

the proteins were precipitated out. The precipitate 

was collected by centrifugation in a super speed 

refrigerated centrifuge. The precipitate was re 

dissolved in Tris HCl (0.05 m pH 8.0) buffer. The 

enzyme activity was determined in both the 

precipitate and lyophilized and enzyme activity 

was assayed under standard conditions. 

FTIR Spectrophotometry analysis 

The lyophilized samples of cellulase (10 

mg) was mixed with 100 mg of dried potassium 

bromide (kbr) and compressed to prepare as a 

salt disc. The disc was then read 

Sprectrophotometrically (Bio-Rad FTIR-40-

model, USA). The frequencies of different 

components present in sample were analyzed. 

3. Results 

Isolation and identification of gut bacteria   

In the present study five cellulase 

producing bacterial strains were recovered from 

Tilapia gut region of healthy fish. After analysis of 

the samples (Fish gut), the total cellulase 

producing bacterial count in fish gut was found to 

be 1.7 × 10
5
, 2.4 × 10

5
, 4.1 × 10

6
, 5.6 × 10

7
 and 

4.4 × 10
5
 CFU/g respectively. The morphological 

and biochemical data assures that the isolated 

strain belong to strains by comparing 

characteristic features as given in the seventh 

edition of Bergey’s manual of deterministic 

bacteriology. The strains Lactobacillus sp., Vibrio 

cholerae, Salmonella typhi, Bacillus subtilis and 

Staphylococcus aureus showed. The isolated 

strains were cultured and extracted to against the 

cellulose production strains were selected for 

further study. All the 5 bacterial strains isolated 

belonging to ten genera were qualitatively assayed 

by well diffusion assay method in water agar 

medium supplemented with 1 % cellulose. Among 

the 5 strains, Bacillus subtilis exhibited largest 

zone of lysis (1.6 cm). Hence, it was selected for 

further production, optimization and 

characterization of cellulase enzyme (Figure - 1). 

 

        

  
Figure - 1: Cellulase activity 

Optimization 

The maximum enzyme activity 125 U/ML 

was observed during the incubation time 18 hrs 

and the minimum enzyme activity 83 U/ML was 

observed during the incubation time 30 hrs (Figure 

- 2). The maximum enzyme activity 95 U/ML was 

observed during the temperature 30 °C
 
and the 

minimum enzyme activity 64 U/ML was observed 

during the temperature 25 °C (Figure - 3). The 

maximum enzyme activity 79 U/ML was observed 

during the pH 7 and the minimum enzyme activity 

56 U/ML was observed during the pH 6 (Figure - 

4). The maximum enzyme activity 63 U/ML was 

observed during the carbon source fructose and 

the minimum enzyme activity 48 U/ML was 

observed during the maltose (Figure - 5). The 

maximum enzyme activity 87 U/ML was observed 

during the nitrogen source beef extract and the 

minimum enzyme activity 61 U/ML was observed 

during the yeast extract (Figure - 6). 
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Figure – 2: Optimization of Incubation period 

 
Figure – 3: Optimization of Temperature 

 
Figure – 4: Optimization of pH 
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Figure – 5: Optimization of Carbon source 

 
Figure – 6: Optimization of Nitrogen source 

 

FT-IR analysis  

In the present study also the FT-IR spectrum of species cellulase showed major peaks lying with in 

this range 860.39 to 2860.27 cm
-1

 cellulase providing the present of cellulase substance the presence (Figure 

- 7). 
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Figure – 7: Showing the FTIR spectrum of lyophilized sample

4. Discussion 

In the present study five cellulose 

producing bacterial strains were recovered from 

Tilapia gut region of healthy fish. After analysis of 

the samples (Fish gut), the total cellulose 

producing bacterial count in fish gut was found to 

be 1.7 × 10
5
, 2.4 × 10

5
, 4.1 × 10

6
, 5.6 × 10

7
 and 

4.4 × 10
5
 CFU/g respectively. The morphological 

and biochemical data assures that the isolated 

strain belong to strains by comparing 

characteristic features as given in the seventh 

edition of Bergey’s manual of deterministic 

bacteriology. The strains Lactobacillus sp., Vibrio 

cholerae, Salmonella typhi, Bacillus subtilis and 
Staphylococcus aureus showed. The isolated 

strains were cultured and extracted to against the 

cellulolytic activity strains were selected for 

further resistance study. All the 5 bacterial strains 

isolated belonging to ten genera were qualitatively 

assayed by well diffusion assay method in water 

agar medium supplemented with 1 % cellulose. 

Among the 5 strains, Bacillus subtilis exhibited 

largest zone of lysis (1.6 cm). Hence, it was 

selected for further production, optimization and 

characterization of cellulase enzyme.  

Enzymatic hydrolysis is of cellulosic 

feedstock has several advantages over chemically 

processes because of its potentially high 

Saccharification efficiency, less energy 

consumption and avoidance of pollution. In the 

present strains of Bacillus subtilis found to be 

effective secretors of celluloytic enzymes and 

render a promising, industrially relevant 

alternative to fungal system because of its high 

productivity and stability. The endocellulase 

activity of the culture broth was determined during 

bacterial growth by measuring the release of 

reducing sugar from Carboxy methyl cellulose 

(CMC) (Ekperigin, 2007). Activity of cellulose 

has been recorded in the gut of Dichogas-ter 

bolaui, Drawida calebi, Drawida willsi, Euty-

phocus spp, Perionyx millardi and Pontoscolex 

corethrurus (Mishra 1993). SD contains more 

cellulose, lignin and cellulolytic enzyme 

producing fungi Aspergillus and Fusarium spp. 

and bacteria Bacillus spp. and Pseudomonas spp. 

(Parthasarathi and Ranganathan, 1998) resulting in 

more cellulase activity.  

Nibedita Kar and Koushik Ghosh (2008) 

evaluated that the cellulase activities were 

exhibited by all bacterial strains isolated from 

murrel digestive enzyme supplementation by the 

intestinal bacteria in the fish gut. About 5 bacterial 

strains (Bacillus subtilis) showed positive result in 

Congo red test, of which the highest ratio of clear 

zone diameter to colony diameter indicating more 

cellulose degradation in CMC agar plates. The 

maximum enzyme activity 125 U/ML was 

observed during the incubation time 18 hrs and the 

minimum enzyme activity 83 U/ML was observed 
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during the incubation time 30 hrs. The reduction 

in enzyme production may also be due to the 

depletion of nutrients in the fermentation medium. 

In the present investigation the maximum 

enzyme activity 95 U/ML was observed during the 

temperature 30 °C
 

and the minimum enzyme 

activity 64 U/ML was observed during the 

temperature 25 °C. The incubation temperature is 

paramount for optimal enzyme production due to 

alterations in microbial protein molecule structure 

and properties with temperature variations 

reported by of Juturu and Wu (2017). At 

temperatures below or above the optimum, 

metabolic activities are reduced, with consequent 

inhibition in growth, production and enzymes 

synthesis. 

The maximum enzyme activity 79 U/ML 

was observed during the pH 7 and the minimum 

enzyme activity 56 U/ML was observed during the 

pH 6. Asisipho Nkohla et al. (2017) observed that 

the cellulase activity was significantly higher 

under weakly acidic pH conditions as well as 

neutral conditions. An optimal activity was 

obtained at pH 6 (103 U/ml) beyond which 

cellulase activities began to decline. The 

maximum enzyme activity 63 U/ML was observed 

during the carbon source fructose and the 

minimum enzyme activity 48 U/ML was observed 

during the maltose. Luciasih Agustini et al. (2012) 

observed that the potential bacterial isolates 

produced 1.79, 2.29 and 1.80 mg/ml of glucose, 

respectively, while the standard produced 1.53 

mg/ml after incubation for 15 minutes. 

The enzyme production is affected 

significantly by under different concentration of 

the organic nitrogen source and nitrogen level in 

the medium. The maximum enzyme activity 87 

U/ML was observed during the nitrogen source 

beef extract and the minimum enzyme activity 61 

U/ML was observed during the yeast extract. 

Kalaiselvi and Jayalakshmi (2013) determined that 

the nitrogen sources tested, the enzyme activity 

was higher with peptone. Proper information 

regarding the relative importance of exogenous 

enzymes produced by the endosymbionts of the GI 

tract and digestive enzymes produced by the host 

is essential for understanding the contribution of 

endosymbionts in digestion. The river 

environment is rich in biologically active natural 

cellulase enzyme of diverse structural types that 

are present in the diverse groups of species. In the 

present studies the tilapia associated bacteria has 

bio enzyme compounds but the research carried 

out so for on their pharmacological aspects are 

scanty especially in tilapia. The present bacteria 

present attractive potencies for utilization of 

cellulase due to their rapid growth rate and 

enzyme complexity. 

5. References 

1) Abdelnasser Salah, Sheble Ibrahim and 

Ahmed El-Diwany. (2007). Isolation and 

Identification of New Cellulases Producing 

Thermophilic Bacteria from an Egyptian 

Hot Spring and Some Properties of the 

Crude Enzyme. Australian Journal of 

Basic and Applied Sciences, 1(4): 473 - 

478. 

2) Asisipho Nkohla, Kunle Okaiyeto, 

Ademola Olaniran, Uchechukwu Nwodo, 

Leonard Mabinya and Anthony Okoh. 

(2017). Optimization of growth parameters 

for cellulase and xylanase production by 

Bacillus species isolated from decaying 

biomass. Journal of Biotech Research, 8: 

33 – 47. 

3) Cooney. C. C., D. L. C, Wang, S. D, Way 

J. Gordon and M. Jimnez. (1979). 

Simultaneous Cellulase hydrolysis and 

ethanol production by a cellulolytic 

anaerobic bacterium. Biotechnology and 

Bioengineering, 8: 103 - 114.   

4) Ekperigin, M. M. (2007). Preliminary 

Studies of Cellulase Production by 

Acinetobacter aniratus and Branhamella 

sp. African Journal of Biotechnology, 6: 28 

-33.  

5) Fennington, G., D. Lupo and F. 

Stufzeberger. (1982). Enhanced cellulose 

production in mutants of Thermonospora 

curvatta. Biotechnology and 

Bioengineering, 24: 2487 -2497.  

6) Juturu, V and J. C. Wu. (2014). Microbial 

cellulases: Engineering, production and 



K. Santhi/Life Science Archives (LSA), Volume – 6, Issue – 2, Page - 1807 to 1814                               1814 

©2020 Published by JPS Scientific Publications Ltd. All Rights Reserved 
 

applications. Renew Sustainable Energy 

Reviews, 33: 188 - 203. 

7) Kalaiselvi, V and S. Jayalakshmi. (2013). 

Cellulase from an estuarine Klebsiella 

ozeanae.  International Journal of Current 

Microbiology and Applied Science, 2(9): 

109 – 118. 

8) Luciasih Agustini, Lisna Efiyanti, Sarah 

Asih Faulina and Erdy Santoso. (2012). 

Isolation and Characterization of Cellulase 

and Xylanase producing Microbes Isolated 

from Tropical Forests in Java and Sumatra. 

International Journal of Environment and 

Bioenergy, 3(3): 154 - 167.  

9) Miller, L. C and M. L. Tainter. (1959). 

Estimation of the LD50 and its error by 

means of logarithmicprobit graph paper. 

Proceedings of Social and Experimental 

Medicine, 57: 261 - 264.  

10) Mishra, S. L. (1993). Digestive enzymes of 

the tropical earthworm Perionyx millardi. 

Journal of Ecobiology, 5: 77 - 79. 

11) Nibedita Kar and Koushik Ghosh. (2008). 

Enzyme Producing Bacteria in the 

Gastrointestinal Tracts of Labeo rohita 

(Hamilton) and Channa punctatus. Turkish 

Journal of Fisheries and Aquatic Sciences. 

8: 115 - 120.  

12) Parthasarathi, K and L. S. Ranganathan. 

(1998). Pressmud vermicasts are the ‘hot 

spots’ of fungi and bacteria. Ecology, 

Environment and Conservation, 4: 81 - 86.  

13) Sing, A and K. Hayashi. (1995). Microbial 

cellulase protein architecthre molecular 

properties and bio synthesis. Advances in 

Applied Microbiology, 40: 1 - 35.  

 

Access this Article in Online 

Quick Response Code 

 

Website  www.jpsscientificpublications.com 

DOI Number DOI: 10.22192/lsa.2020.6.2.3 

Thomson Reuters Researcher ID L – 5547 – 2016 

ISI Impact Factor 4.206 
 

How to Cite this Article: 

K. Santhi. 2020. Cellulase enzyme activity from Fish gut bacteria from Kaveripattinam 

river. Life Science Archives, 6(2): 1807 – 1814. 

DOI: 10.22192/lsa.2020.6.2.3 

     

http://www.jpsscientificpublications.com/

