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INTRODUCTION 

Cellulose is the most abundant biomass on earth19.Cellulose accounts for 50% of the dry weight of plant 
biomass and approximately 50% of dry weight of secondary sources of biomass such as agricultural 
wastes2. Cellulolysis is the process of breaking down cellulose into smaller polysaccharides called 
cellodextrins or completely into glucose units by the participation of microbial cellulolytic enzymes20. 
Cellulases are produced by a number of microorganisms such as bacteria, yeast and fungi. There is 
increasing interest in cellulase production by bacteria because bacteria have high growth rate as compared 
to fungi and has good potential to be used in cellulase production10. Cellulolytic property of some 
bacterial genera such as Cellulomonas species, Pseudomonas species, Bacillus species and Micrococcus 
species have been reported17.  
The major industrial application of cellulases are in textile industry for bio-polishing of fabric, producing 
stonewashed look of denims, in household laundry detergents for improving fabric softness and 
brightness besides, they are used in animal feeds for improving the nutritional quality and digestibility, in 
processing of fruit juice and in baking ,and de-inking of paper15. Other emerging applications are in 
bioadhesive and mucoadhesive drug delivery system, in pharmaceutical coating process, as 
compressibility enhancers, as gelling agents, thickening and stabilizing agent, as binder in granulation 
process, as taste making agent, as disintegrated agent, as fillers in solid dosage form. Cellulosic 
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ABSTRACT 
Cellulases are a group of hydrolytic enzymes capable of degrading cellulose to the smaller glucose 
units and have a wide range of applications in bioethanol production, textile, drug, detergent, food-
feed and pulp-paper industry. This study was designed to assess the cellulase production of a 
bacterium isolated from wood decompost. Cellulase producing bacteria (CPB) isolate obtained from 
wood decompost sample was tentatively characterized on the basis of their morphological and 
biochemical characteristics and identified to be Gram negative, cocci, cream pigmented, non-motile; 
catalase, methyl red, indole, nitrate, citrate, VP, glucose, lactose, fructose tests were shown to be 
positive. The CPB isolate exhibiting maximum zone size on the CMC media was selected. This 
isolate was then evaluated for enzyme production, and the crude sample (extracellular) showed 
0.818 U/ml specific enzyme activity by DNS method. The protein content of the crude enzyme was 
estimated to be 0.62 mg/ml. Cellulase was partially purified using ammonium sulphate precipitation 
and the maximum 0.919 U/ml cellulase activity was recorded in the fraction precipitated upon 30-
60% saturation. Comparative analysis of crude enzyme and partially purified enzyme on the CMC 
plate, showed that the zone of hydrolysis obtained was found to be 3.4mm and 4.6mm respectively. 
 
 Key words: Ammonium sulphate, Assay, Cellulase, Morphology, Purification. 
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derivatives are in general strong, reproducible, recyclable and biocompatible, being used in biomedical 
applications such as blood purification18. 
The present study was attempted to extract the cellulase enzyme from an isolate obtained from wood 
decompost, and to determine its protein content. Moreover it was undertaken to purify enzyme and to 
compare its activity with that of the crude cellulase.  

 
MATERIALS AND METHODS 

Isolation and Primary Screening of Cellulase Producing Bacteria (CPB): 
The cellulase producing bacteria was obtained from a wood decompost collected from the botanical 
garden, Chandigarh in sterilized containers. Serially diluted wood sample was spread on Nutrient agar 
plate and incubated at 37°C for 24 hours. After the incubation bacterial colonies were observed. Then the 
colonies were picked individually, and streaked on carboxy methyl cellulose (CMC) agar plates and 
further incubated at 37°C for 48 hours. After incubation, the plates were flooded with 1% congo red and 
1M NaCl to check the cellulolytic activity of isolated strain.  
Identification of CPB: 
The isolate was identified by means of morphological characterization (gram staining, motility activity) 
and biochemical characterization (catalase, methyl red, indole, nitrate, citrate, voges-proskauer, gelatin 
hydrolysis, sugar fermentation and starch hydrolysis tests)3. 
 Enzyme Production and Extraction: 
Cellulose production medium (CMC broth) for CPB was prepared in 250 Erlenmeyer flask. Then the 
production medium was autoclaved at 15 psi pressure for 20 minutes; cooled it and inoculated with 1 ml 
of the isolated culture. The medium was incubated at 37οC for 72 hours with an agitation speed of 150 
rpm. After incubation, the broth was taken out in centrifugation tubes and centrifuged in cooling micro 
centrifuge (REMI, ISO certified) at 16,000 rpm for 20 minutes at 4οC. The pellet was discarded and 
supernatant was taken as the source of crude enzyme. 

Cellulase Assay: 
The activity of cellulase was assayed using DNS (Dinitro-salicylic acid) method by estimation of 
reducing sugars released from CMC solubilised in 0.05M citrate buffer11. Crude enzyme was added to 1% 
CMC in 0.05 M citrate buffer and incubated at 45οC for 30 minutes. The reaction was stopped by addition 
of 3 ml of DNS reagent in the reaction mixture. Then the mixture was incubated at 100οC for 10 minutes 
in the water bath. Sugars liberated were determined by measuring absorbance at 540 nm. One 
international unit (IU) of cellulase activity refers to the amount of enzyme that released 1 µM of glucose 
per ml of the sample per minute under assay conditions5 as mentioned above. 
Protein Estimation: 
Concentration of protein in crude extracellular extract containing cellulase was determined by Lowry’s 
method8. Different concentrations of BSA (Bovine Serum Albumin) as standard protein in a range of 
0.02-0.2mg/ml were reacted with Lowry’s reagent C and D and the absorbance at 620nm was read. A 
standard graph was plotted between concentration of protein on X axis and absorbance at 620nm on Y 
axis. 100µl of extract was reacted with Lowry’s reagent C and D and absorbance at 620nm was read. This 
absorbance was compared with the standard graph in order to get the concentration of protein in crude 
extracellular extract. 
Partial Purification of Cellulase Enzyme and Determination of its Activity:  
The crude enzyme was partially purified by ammonium sulphate fractionation in which the culture filtrate 
was subjected to protein fractionation by differential ammonium sulphate precipitation1. Fractionation of 
protein was done by addition of small increments of solid ammonium sulphate at 4ºC with constant 
stirring to obtain three fractions i.e. 0-30%, 30-60% and 60-90%. When all the ammonium sulphate was 
dissolved at the end of each fractionation range, the mixture was allowed to stand for 30 minutes to 1 h. 
The mixture was centrifuged at 10,000 x g for 30 minutes at 4ºC. The pellet was collected and supernatant 
was used as the starting material for next fractionation. The collected precipitate of each fractionation 
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range was resuspended in small volume of 0.05M citrate buffer pH 7.0 and checked for the enzyme 
activity by spectrophotometric technique using CMC as substrate as mentioned above under “cellulase 
assay” heading. 
Comparison of the Activity of the Crude Enzyme and Partially Purified Enzyme:
To compare the enzymatic activity of crude and partially purified sample, Congo red on CMC 
used for evaluation as discussed above (under the heading “Isolation and primary screening of CPB”). 
The zones of hydrolysis were observed and compared around the two wells containing the crude and 
partially purified enzyme samples.

Isolation and Primary Screening of CPB:
The bacterial isolates from wood sample were recovered on nutrient agar medium, after serial dilutions. 
After incubation for 24 hours at 37°C, growth of bacterial colonies was observed and screened for thei
cellulolytic ability on CMC agar plates (Fig. 1). CMC inoculated plates were flooded with congo red dye 
and NaCl solution. The appearance of clear zone around the colonies indicated their cellulolytic property 
(Fig. 2). The isolate which showed clear zon
morphologically and biochemically

                                                                                                                             

Fig. 1: Isolation of cellulolytic bacteria                      
   

 
Identification of CPB: 
The morphological and biochemical data of CPB are tabulated in Table 1 & 2

Table 1: Morphological characteristics shown by CPB isolate
Morphological Characteristics

Colony colour
Cell margin
Cell shape

Gram reaction
Motility test

                       

Table 2: Biochemical characteristics
Biochemical  tests

Nitrate reduction
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range was resuspended in small volume of 0.05M citrate buffer pH 7.0 and checked for the enzyme 
c technique using CMC as substrate as mentioned above under “cellulase 

Comparison of the Activity of the Crude Enzyme and Partially Purified Enzyme:
To compare the enzymatic activity of crude and partially purified sample, Congo red on CMC 
used for evaluation as discussed above (under the heading “Isolation and primary screening of CPB”). 
The zones of hydrolysis were observed and compared around the two wells containing the crude and 
partially purified enzyme samples. 

RESULTS AND DISCUSSION 
Isolation and Primary Screening of CPB: 
The bacterial isolates from wood sample were recovered on nutrient agar medium, after serial dilutions. 
After incubation for 24 hours at 37°C, growth of bacterial colonies was observed and screened for thei
cellulolytic ability on CMC agar plates (Fig. 1). CMC inoculated plates were flooded with congo red dye 
and NaCl solution. The appearance of clear zone around the colonies indicated their cellulolytic property 
(Fig. 2). The isolate which showed clear zone around them was identified as CPB and characterized 
morphologically and biochemically16. 

                                                                                                                             

                                         

Fig. 1: Isolation of cellulolytic bacteria                          Fig. 2: Screening of cellulolytic bacteria
     (using congo red & NaCl)

The morphological and biochemical data of CPB are tabulated in Table 1 & 2. 
 

Morphological characteristics shown by CPB isolate
Morphological Characteristics CPB 

Colony colour Creamy 

Cell margin Regular 

Cell shape Cocci 

Gram reaction Negative 

Motility test  Non-motile

Table 2: Biochemical characteristics of CPB isolate 
Biochemical  tests CPB 

Catalase Positive 
Methyl red Positive 

Indole Positive 
Nitrate reduction Positive 

Citrate Positive 
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range was resuspended in small volume of 0.05M citrate buffer pH 7.0 and checked for the enzyme 
c technique using CMC as substrate as mentioned above under “cellulase 

Comparison of the Activity of the Crude Enzyme and Partially Purified Enzyme: 
To compare the enzymatic activity of crude and partially purified sample, Congo red on CMC plate was 
used for evaluation as discussed above (under the heading “Isolation and primary screening of CPB”). 
The zones of hydrolysis were observed and compared around the two wells containing the crude and 

The bacterial isolates from wood sample were recovered on nutrient agar medium, after serial dilutions. 
After incubation for 24 hours at 37°C, growth of bacterial colonies was observed and screened for their 
cellulolytic ability on CMC agar plates (Fig. 1). CMC inoculated plates were flooded with congo red dye 
and NaCl solution. The appearance of clear zone around the colonies indicated their cellulolytic property 

e around them was identified as CPB and characterized 

                                                                                                                                                                                                                                                                                                  

   

Fig. 2: Screening of cellulolytic bacteria 
(using congo red & NaCl) 

Morphological characteristics shown by CPB isolate 

 
motile 
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Hydrolysis of gelatin
Starch hydrolysis

Voges
Sugar fermentation

 

Our biochemical results were comparable with an earlier report of Shaikh
belonging to genus Bacillus and 

DNS Assay of Crude Cellulase Enzyme:
Upon performing DNS Assay of the crude enzyme sample in triplicates, O.D. of reaction tube was 0.775, 
0.787 and 0.796 at 540 nm (Table 3). 
 

S. 

NO. 

Crude Enzyme 

(ml) 

1. 0.1 

2. 0.1 

3. 0.1 

 

The concentration of liberated concentration of glucose was calculated to be 436µg/ml, 442µg/ml and 
448µg/ml resp. according to the 
crude sample of enzyme was taken to check the amount of glucose produced i.e., 442µg/ml when 0.1 ml 
of the crude cellulase enzyme was used.
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Hydrolysis of gelatin Negative 
Starch hydrolysis Positive 

Voges- Prosakauer Positive 
Sugar fermentation 

Glucose 
Sucrose 
Lactose 
Mannitol 
Fructose 

 
Positive 
Negative 
Positive 
Negative 
Positive 

Our biochemical results were comparable with an earlier report of Shaikh16

and Pseudomonas. 

Cellulase Enzyme: 
Upon performing DNS Assay of the crude enzyme sample in triplicates, O.D. of reaction tube was 0.775, 
0.787 and 0.796 at 540 nm (Table 3).  

Table 3: O.D. of Crude Cellulase enzyme 
Water (ml) DNSA 

Reagent (ml) 

 

Heat in 

boiling water 

bath for 30 

minutes 

0.9 1 

0.9 1 

0.9 1 

The concentration of liberated concentration of glucose was calculated to be 436µg/ml, 442µg/ml and 
448µg/ml resp. according to the standard graph (Fig. 3). Average of the three concordant readings of our 
crude sample of enzyme was taken to check the amount of glucose produced i.e., 442µg/ml when 0.1 ml 
of the crude cellulase enzyme was used. 

Fig. 3: Standard curve of DNS assay 
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16, who isolated a CPB 

Upon performing DNS Assay of the crude enzyme sample in triplicates, O.D. of reaction tube was 0.775, 

boiling water 

bath for 30 

O.D. 
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0.775 

0.787 

0.796 

The concentration of liberated concentration of glucose was calculated to be 436µg/ml, 442µg/ml and 
standard graph (Fig. 3). Average of the three concordant readings of our 

crude sample of enzyme was taken to check the amount of glucose produced i.e., 442µg/ml when 0.1 ml 
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Enzyme Activity of Crude Sample:
Enzyme activity as calculated from the formula below was found to be 0.818 U/ml

 

 

Where 180 = Molecular weight of gluc

30 minutes = Incubation time 

Enzyme activity =   442 * 10      

                                180 * 30 

The activity of cellulase enzyme isolated in our study is comparable with an earlier report in which 
cellulase activity of 0.460 IU/ ml was recorded
showed an enzyme activity of 0.552 IU/ml and 
another study on three cellulolytic bacterial strains, belonging to the genera 
of Bacillus cereus was 0.440 IU/ml and 0.410 IU/ml, that of 
Bacillus thuringiensis was 0.334 IU/ml

Protein Estimation in Crude Enzyme by Lowry’s method:
Concentration of protein in the extracellular crude extract containing crude cellulase was determined by 
comparing the absorbance readings of the test sample with the standard graph using BSA in Lowry’s 
method (Fig. 4). 

Fig. 4:  Standard curve of BSA stock solution for protein estimation

 
Since the absorbance of unknown sample (at 660nm) was recorded to be 0.076, hence from the standard 

graph, the final concentration of the cellulase sample was calculated to be 680µg/ml or 0.68mg/ml.

The protein concentration of cellulase enzyme as 

in which the concentration of protein in crude cellulase enzyme was found to be 0.268mg/ml from a CPB 

isolated from cow dung7. In another report on cellulase from a fungal isolate PISS

0.1mg/ml protein content was found

Aspergillus sp. isolated from forest litter soil was found to be 1.65 mg/ml
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Enzyme Activity of Crude Sample: 
Enzyme activity as calculated from the formula below was found to be 0.818 U/ml

Where 180 = Molecular weight of glucose 

      =     0.818 IU/ml. 

The activity of cellulase enzyme isolated in our study is comparable with an earlier report in which 
IU/ ml was recorded by Pothiraj12. In another study the isolate 

showed an enzyme activity of 0.552 IU/ml and T. reesei showed enzyme activity of 0.363 IU/ml
another study on three cellulolytic bacterial strains, belonging to the genera Bacillus

0.440 IU/ml and 0.410 IU/ml, that of Bacillus subtilis 
0.334 IU/ml2. 

Protein Estimation in Crude Enzyme by Lowry’s method: 
extracellular crude extract containing crude cellulase was determined by 

comparing the absorbance readings of the test sample with the standard graph using BSA in Lowry’s 

Standard curve of BSA stock solution for protein estimation
 

Since the absorbance of unknown sample (at 660nm) was recorded to be 0.076, hence from the standard 

graph, the final concentration of the cellulase sample was calculated to be 680µg/ml or 0.68mg/ml.

The protein concentration of cellulase enzyme as isolated in our study is comparable with an earlier report 

oncentration of protein in crude cellulase enzyme was found to be 0.268mg/ml from a CPB 

. In another report on cellulase from a fungal isolate PISS

0.1mg/ml protein content was found14. Protein content of crude sample of cellulase enzyme produced by 

sp. isolated from forest litter soil was found to be 1.65 mg/ml9. 
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Enzyme activity as calculated from the formula below was found to be 0.818 U/ml 

The activity of cellulase enzyme isolated in our study is comparable with an earlier report in which 
. In another study the isolate P. chrysogenum 
showed enzyme activity of 0.363 IU/ml6. In 

Bacillus, the enzyme activity 
Bacillus subtilis was 0.357 IU/ml and 

extracellular crude extract containing crude cellulase was determined by 
comparing the absorbance readings of the test sample with the standard graph using BSA in Lowry’s 

Standard curve of BSA stock solution for protein estimation 

 

Since the absorbance of unknown sample (at 660nm) was recorded to be 0.076, hence from the standard 

graph, the final concentration of the cellulase sample was calculated to be 680µg/ml or 0.68mg/ml. 
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. In another report on cellulase from a fungal isolate PISS-3, an amount of 
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Partial Purification of Cellulase Enzyme and Determination of Its Activi
Partially purified cellulase obtained upon saturation using 30
DNS method in a similar way as for the crude sample. When performed in triplicates, the absorbance (at 
540 nm) of the partially purified cellulase s
This corresponds to 490, 496, 503 µg/ml glucose concentration from standard graph and the the average 
of the 3 readings was calculated to be 496.3 µg/ml. 

S. No. Partially purified 
enzyme (ml) 

1. 0.1 

2. 0.1 

3. 0.1 

 

Enzyme activity as calculated from the formula (as done for crude
was found to be 0.919 IU/ml. 
The activity of partially purified enzyme isolated in our study is comparable with an earlier finding 
reported by Das4, who found the enzyme activity of partially purified sample to be 
0.995U/ml, 0.83U/ml, 0.536U/ml and 0.515U/ml for strains NRRLB 16746, colony 194, NRRLB 12377, 
colony 51 and colony 157 respectively isolated from soil sample.                            

Comparisons of Activity of the Crude and Partially Purifi
A comparative analysis of the activity of the crude and partially purified cellulase was done on CMC 
plates using congo red and NaCl, which indicated a larger zone of hydrolysis (4.6 mm) by partially 
purified enzyme than the crude enzyme (3.4 mm
An observed diameter nearly similar to that in our study was earlier reported by Rathore
the size of zone of hydrolysis of cellulase enzyme to be 2mm, 5mm and 3mm in diameter for culture 
strains PSS-1, PSS-2 and BSS-1 

                                   
Table 5: Zone of hydrolysis of crude and partially purified enzyme

S. No. Zone of hydrolysis
1. Crude enzyme
2. Partially purified enzyme

                               

          Fig. 5: Zone of hydrolysis of crude (C) and partially purified (P) enzyme
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Partial Purification of Cellulase Enzyme and Determination of Its Activi ty:  
Partially purified cellulase obtained upon saturation using 30-60% ammonium sulphate was assayed using 
DNS method in a similar way as for the crude sample. When performed in triplicates, the absorbance (at 
540 nm) of the partially purified cellulase sample was recorded to be 0.859, 0.869 and 0.882 (Table 4). 
This corresponds to 490, 496, 503 µg/ml glucose concentration from standard graph and the the average 
of the 3 readings was calculated to be 496.3 µg/ml.  

 
Table 4: O.D. of Partially Purified enzyme 

Partially purified Water 
(ml) 

DNSA Reagent 
(ml) 

 
Heat in 
boiling 

water bath 
for 30 

minutes.

0.9 1 

0.9 1 

0.9 1 

Enzyme activity as calculated from the formula (as done for crude enzyme) for partially purified cellulose 

The activity of partially purified enzyme isolated in our study is comparable with an earlier finding 
, who found the enzyme activity of partially purified sample to be 

0.995U/ml, 0.83U/ml, 0.536U/ml and 0.515U/ml for strains NRRLB 16746, colony 194, NRRLB 12377, 
colony 51 and colony 157 respectively isolated from soil sample.                            

Comparisons of Activity of the Crude and Partially Purifi ed Enzyme: 
A comparative analysis of the activity of the crude and partially purified cellulase was done on CMC 
plates using congo red and NaCl, which indicated a larger zone of hydrolysis (4.6 mm) by partially 
purified enzyme than the crude enzyme (3.4 mm)  (Table 5, Fig.5).  
An observed diameter nearly similar to that in our study was earlier reported by Rathore
the size of zone of hydrolysis of cellulase enzyme to be 2mm, 5mm and 3mm in diameter for culture 

1 respectively.    

Table 5: Zone of hydrolysis of crude and partially purified enzyme
Zone of hydrolysis Diameter of clear zone (mm)

Crude enzyme 3.4
Partially purified enzyme 4.6

Fig. 5: Zone of hydrolysis of crude (C) and partially purified (P) enzyme
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ample was recorded to be 0.859, 0.869 and 0.882 (Table 4). 

This corresponds to 490, 496, 503 µg/ml glucose concentration from standard graph and the the average 
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boiling 
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minutes. 

O.D. (540nm) 
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0.882 

enzyme) for partially purified cellulose 

The activity of partially purified enzyme isolated in our study is comparable with an earlier finding 
, who found the enzyme activity of partially purified sample to be 1.165U/ml, 

0.995U/ml, 0.83U/ml, 0.536U/ml and 0.515U/ml for strains NRRLB 16746, colony 194, NRRLB 12377, 
colony 51 and colony 157 respectively isolated from soil sample.                             

A comparative analysis of the activity of the crude and partially purified cellulase was done on CMC 
plates using congo red and NaCl, which indicated a larger zone of hydrolysis (4.6 mm) by partially 

An observed diameter nearly similar to that in our study was earlier reported by Rathore13, who observed 
the size of zone of hydrolysis of cellulase enzyme to be 2mm, 5mm and 3mm in diameter for culture 

Table 5: Zone of hydrolysis of crude and partially purified enzyme 
Diameter of clear zone (mm) 

3.4 
4.6 

Fig. 5: Zone of hydrolysis of crude (C) and partially purified (P) enzyme 
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CONCLUSION 
Based on the present study it can be concluded that wood decompost can be very good source for 
isolation of CPB which produced active cellulase. Isolates exhibiting high cellulase activity can prove to 
be of immense help to humans in production of pharmaceutical and many more products. Further genetic, 
biochemical and microbial engineering techniques are required to make use of full potential of these 
bacterial isolates for cellulase production.  
                                            

REFERENCES 
1. Bajaj, K. B., Pangotra H., Wani, A. M., Sharma P. and Sharma A., Partial purification and 

characterization of a highly thermostable and pH stable endoglucanase from newly isolated Bacillus 
strain M-9. Indian J. Chem. Tech., 16: 382-387 (2009). 

2. Basavaraj, I., Patagundi, S. C. T. and Kaliwal B. B., Isolation and characterization of cellulase 
producing bacteria from soil. Inter. Curr. Microbiol. App. Sci., 3(5): 59-69 (2014). 

3. Bergey, D. Manuals of determinative bacteriology. 7th edn., American Society for Microbiology. 
William and Wilkins Co-Publishers (1957). 

4. Das, A., Bhattacharya, S. and Murali, L., Production of cellulose from a thermophilic Bacillus sp. 
Isolated from cow dung. Ame. Eur. J. Agri. Env. Sci., 8(6): 685-691 (2010). 

5. EI-Sersy, N., Abd-Elnaby, H., Abou-Elela, G., Ibrahim, H. and EI-Toukhy, N., Optimization, 
economization and characterization of cellulose produced by marine Streptomyces ruber. Afr. J. 
Biotechnol., 9: 6355-6364 (2010). 

6. Kaur, H. P. and Joshi D., Optimization of cellulase produced by fungus isolated from water. World J. 
Pharmacy Pharmaceutical Sci., 4(2): 521-534 (2015). 

7. Khan, A. J., Ranjan, K. R., Rathode, V. and Gautam, Dechiphering cow dung from cellulase 
producing bacteria. Europe J. Exp. Bio. 1(1): 139-147 (2011). 

8. Lowry, O. H., Rosenbrough, N. J., Farr, A. L. and Randall, R. J., Protein measurement with the Folin 
phenol reagent. J. Biol. Chem., (1951) 193:265–275  

9. Lakshmi, S. and Narasimha, G., Production of cellulase by fungal cultures isolated from forest litter 
soil. Ann. For. Res., 55(1): 85-92 (2012). 

10. Maki M. L., Broere M., Leung K. T. and Qin W., Characterization of some efficient cellulase 
producing bacteria isolated from paper mill sludges and organic fertilizers. Inter. J. Biochem Mol. 
Biol., 2(2): 146-154 (2011). 

11. Miller, G. L., Use of dinitrosalicylic acid reagent for determination of reducing sugar. Anal. Chem., 
31(4): 426-428 (1959). 

12. Pothiraj, C., Balaji P., Eyini M., Enhanced production of cellulases by various fungal cultures in solid 
state fermentation of cassava waste. Afr. J. Biotechnol., 5(20): 1882-1885 (2006). 

13. Rathore, S.S., Mannivannan A. and Naredhirakannan, Screening of cellulase producing 
microorganisms from lake area containing water hyacinth for enzymatic hydrolysis of cellulose. J. 
Adv. Sci. Res., 5(3): 23-30 (2014). 

14. Ram, L., Kaur K. and Sharma S., Screening isolation and characterization of cellulase producing 
microorganism from soil. Inter. J. Pharmaceutical Invent., 3(3): 2319-6718 (2014). 

15. Sadhu, S. and Maity T. K., Cellulase production by bacteria: A Review: British Microbiol. Res. J., 
3(3): 235-258 (2013). 

16. Shaikh, N. M., Patel A. A., Mehta S. A., and Patel N. D., Isolation  and screening of cellulolytic 
bacteria inhabiting different environment and optimization of cellulase production. Uni. J. Env. Res. 
Technol., 3(1): 39-49 (2013). 

17. Shanmugapriya, K., Saravana P. S., Krishnapriya, Manoharan M., Mythili A. and Joseph S., Isolation, 
screening and partial purification of cellulase producing bacteria. Inter. J. Adv. Biotechnol. and Res., 
3(1): 509-514 (2012). 

18. Shokri, M. H., Arami, Z., Shokri, J., Evaluation of formulation related parameters on the release of 
gliclazide from controlled porosity osmotic pump system. Pharmaceutical  Sci., 16(4): 249-260 
(2011). 



Bharti, P. Sandhu, R.K.                      Int. J. Pure App. Biosci. 3 (4): 208-215 (2015)    ISSN: 2320 – 7051 

Copyright © August, 2015; IJPAB                                                     215 

 

19. Venkata N. R. E., Goli D., T. Rajesh, Ghazi A., Pourgharashi A., Screening and isolation of cellulase 
producing bacteria from dump yards of vegetable wastes. World J. Pharmacy  and Pharmaceutical 
Res., 3(1): 428-435 (2013). 

20. Yakubu, A., Tanko, M. U. and Sani, S. D. M., Chemical modification of microcrystalline cellulose: 
Improvement of barrier surface properties to enhance surface interaction with some synthetic 
polymers for biodegradable packaging material processing and applications in textile, food and 
pharmaceutical industry. Adv. Appl. Sci. Res., 2(6): 532-540 (2011). 

21. Yousef, N.M.H. and Nafady, N.A., Combining Biological Silver Nanoparticles with Antiseptic Agent 
and their Antimicrobial Activity, Int. J. Pure App. Biosci. 2(2): 39-47 (2014).  

22. Zuraida, A.R., Erny Sabrina, M.N., Mohd Shukri, M.A., Razali, M., Norma, H., Wan Zaliha, W.S. 
and Ayu Nazreena, O., In vitro Micropropagation of a Valuable Medicinal Plant, Piper crocatum. Int. 
J. Pure App. Biosci. 3 (3): 10-16 (2015). 

23. Zulfiquar, M.B. and Battalwar, R., Nutritional Assessment and Health Status of Patients Undergoing 
Dialysis, Int. J. Pure App. Biosci. 3 (3): 45-51 (2015). 
 

 


