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Abstract 

Microorganisms with cellulolytic activity are considered as potential 
candidates in the processing of cellulosic biomass for biotechnological 
applications. This study was conducted to isolate and characterize cellulose-
degrading bacteria collected from the saliva of ‘Jaffrabadi’ breed of buffalo 
by morphological and biochemical analysis. The cellulolytic bacteria were 
isolated and purified on CMC (Carboxy methyl cellulose) agar. Bacterial 
isolate produced a clear transparent zone when stained with Congo red, 
confirming cellulase activity. Morphological examination revealed Gram-
positive, rod or bacilli- shaped, non-motile, and spore forming nature of 
bacterial isolate. Different biochemical tests suggested that bacterial isolate 
was Bacillus subtilis. The cellulase enzyme was partially purified by 
(NH4)2SO4 and studied using CMCase assay. The activity of partially 
purified cellulose was higher (8µg/ml/min) as compared to that of crude 

supernatant (5.5µg/ml/min). The optimum pH and optimum temperature 

range were found to be 6.5 - 7.5 and 40 – 50 °C. Protein profiling using 10% 
SDS-PAGE further confirmed the purity of the partially purified sample. 
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Introduction 

The homopolysaccharide (homoglycans), cellulose is the most abundant organic compound on earth and the main 

constituent of the primary cell wall of green plants, many algae, oomycetes, and some species of bacteria (Tony, 

2008). In green plants, it is often associated with compounds like lignin (Verma et al., 2012). Chemically it is a 

homo polymer made up of several hundred to thousand D-glucose molecules connected by β (1→4)  glycosidic 

linkage. Cellulose is a preferred source for energy production and has industrial and biotechnological applications 

(Kasana et al., 2008). Being the most abundant biomass, considerable economic interest is involved to develop 

suitable technology to utilize it as a carbon source for various applications (Shanmugapriya et al., 2012). Structural 

complexity makes cellulose highly resistant to enzymatic hydrolysis. Several species of bacteria and fungi produce 

cellulase enzyme that hydrolyzes β (1→4) glycosidic linkage of cellulose (Tomme et al., 1995; Sharma et al., 2016). 

Cellulase is considered as a multi enzyme complex with the action of three enzymes viz. endoglucanase, 

exoglucanase, and β-glucosidase. Among those, former one convert cellulose into small cello oligosaccharides and 

later one responsible for the formation of glucose from cello oligosaccharides (Sathya and Khan, 2014; Sindhu et 

al., 2016). 

In an ecosystem, ruminants use lignocellulosic biomass of green plants as a source of nutrients. Lignocellulosic 

biomass contains a vast quantity of cellulose with other carbohydrates and proteins (Leschine, 1995). The 

specialized foregut organ, rumen present in cows, sheep, deer, and goats is considered as a site of cellulose 

breakdown (Afrc, 1989). Unlike humans, ruminants can degrade cellulose because of having a cellulase enzyme in 

the digestive systems. For the degradation of cellulose and subsequent conversion of it into glucose, ruminants 

harbor a diverse group of microbes in the digestive system. One predominantly found bacterial genus that degrades 

cellulose is gram +ve Ruminococcus. Others comprise Fibrobacter, Megasphaera, Streptococcus, Alicyclobacillus 

cellulosilyticus, Anaerobacterium chartisolvens, Escherichia, Chytridiomycetes fungi, and methanogens (Weimer, 

1996). However, scientific literatures suggest that about 70% of bacterial population is unexplored (Cho et al., 

2006). The secretions of mouth, abomasum, pancreas, and small intestine are sites of digestive enzymes in ruminants 

(Warner, 1956). These secretions could be explored for isolation, identification, and characterization of microbial 

communities. Ruminant’s saliva aids in chewing and swallowing ingested biomass using fat and starch hydrolyzing 

enzymes (Burns, 2008). A rumen particularly of buffalo approximately produces 40-150 liters saliva per day helping 

in lignocellulosic biomass digestion which could be investigated for microbial diversity.  

In this regard, the present investigation was aimed to explore bacterial communities with cellulolytic activity in the 

saliva of ruminant (‘Jaffrabadi’ breed of buffalo). Bacterial isolate with cellulase activity was purified and 

characterized by morphological and biochemical studies. Cellulases producing bacterial colonies were allowed to 

multiply in a suitable liquid medium and extracellular enzyme was extracted, partially purified and characterized. 

Materials and Methods 

Collection of Ruminant Saliva Sample   

The saliva (Approx. 20 ml) was obtained from distinct ‘Jaffrabadi’ breed of buffalo on the farm of village (Fulmbri), 

outskirts of Aurangabad city, Maharashtra, India. The collected saliva was immediately refrigerated in bottle for 

future use.   

Isolation of Cellulose Degrading Bacteria  

The collected saliva sample (5 ml) was filtered and was serially diluted in 0.85% NaCl (Apun et al., 2000). The 

appropriately diluted sample was transferred to the CMC agar medium by spread plating technique having 

composition as follows: peptone 10.0 peptone gram/lit, carboxymethyl cellulose (CMC) 10.0 gram/lit, K2HPO4 2.0 

gram/lit, MgSO4.7H2O 0.3 gram/lit, (NH4)2SO4 2.5 gram/lit, gelatin 2.0 gram/lit and agar 15 gram/lit. The pH was 

adjusted to 6.8-7.2 and the plates were incubated at 37°C for 72 hours and preserved at 4°C (Yin. et al., 2010). The 

colonies were isolated and purified.  

Screening of Cellulase Activity 

Bacterial isolates individually streaked on the plates of CMC agar and incubated at 37°C for 72 hours. After 

https://en.wikipedia.org/wiki/Algae
https://en.wikipedia.org/wiki/Oomycete
https://en.wikipedia.org/wiki/Bacteria
https://en.wikipedia.org/wiki/Glycosidic_bond
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incubation, CMC agar plates were flooded with 0.1% (w/v) Congo red for 15 min at room temperature and washed 

with 1 M NaCl for 15 min (Apun et al., 2000). The formation of cellulose hydrolysis zone around bacterial isolates 

indicates their cellulase activity (Lisdiyanti et al., 2012). The ratio of the clear zone diameter to colony diameter 

was calculated in order to select the highest cellulase activity. Hydrolysis capacity (HC) value was determined 

according to procedure described by Sreeja et al., (2013). Secondary screening of cellulose degrading bacterial 

colonies was done by using iodine solution (Kasana et al., 2008). 

Cellulase Production from Bacterial Isolates  

For the quantitative estimation of cellulase enzymes, the pure culture of cellulose degrading bacteria was cultured 

in CMC broth containing, CMC 10.0 g/lit, peptone 10.0 g/lit, MgSO4.7H2O 0.3 g/lit, K2HPO4 2.0 g/lit, (NH4)2SO4 

2.5 g/lit and gelatin 2.0 g/lit. The pH of broth was adjusted to 6.8 - 7.2. The culture was incubated in shaking 

incubator at 37⁰C for 72 hours with agitation speed of 160 rpm (Yin et al., 2010). The cells were harvested by 

centrifugation at 5000 rpm for 20 min at 4°C. The supernatant was used as crude enzyme source for further studies.  

Identification of Bacterial Isolates by Morphological and Biochemical Characterization 

Bacterial isolates with cellulolytic activity were identified morphologically by Gram staining and microscopic 

viewing (Apun et al., 2000). Gram staining technique differentiates bacteria into Gram +ve and Gram –ve. Motility 

Test (Flagella staining) and endosperm staining was performed as per standard protocol. Bacterial isolates were 

further identified biochemically using carbohydrate fermentation test, Catalase test, Citrate utilization test, indole 

production, urease test, gelatin hydrolysis, starch hydrolysis, H2S production, Methyl-red test and Voges–Proskauer 

(VP) test as reported in Bergey’s manual (Sneath et al., 1986).  

CMCase Activity Assay by DNS Method 

CMCase activity of bacterial isolate was assessed by measuring the amount of reducing sugar released during 

enzymatic reaction by dinitrosalicylic acid (DNS) (Miller, 1959). The reaction mixture was composed of 1.0 ml 

phosphate buffer (0.1 M pH 6.8), 0.5 ml of 1% CMC (w/v, prepared in 0.1 M phosphate buffer (pH 6.8)) and 0.5 

ml crude supernatant enzyme. The reaction mixture was incubated at 37°C for 60 minutes. The reaction was halted 

by adding 3.0 ml of DNSA reagent. After boiling the mixture for 10 min, the color of reducing sugar developed was 

measured colorimetrically at 540 nm wavelengths against a blank comprising all the reagents except the crude 

supernatant enzyme. Cellulase activity was expressed as micromole of glucose released per ml per min. The 

experiments were performed in triplicate (n=3). The results were presented as mean ± standard error of mean 

(S.E.M.). 

Effect of pH and Temperature on Activity of Cellulase 

The effect of pH on the activity of crude cellulase enzyme was examined by carrying out CMCase assay in different 

pH solutions with 1% (w/v) CMC as described previously (Miller, 1959). The effect of temperature ranging from 

10 to 100 ⁰C with an interval of 10 ⁰C was examined by performing experiment at these temperatures by CMCase 

assay (Miller, 1959). The optimum values of pH and temperature were reported. 

Partial Purification of Cellulase Enzyme  

The clear supernatant obtained after centrifugation was subjected to partial purification by ammonium sulphate 

((NH4)2SO4) (Islam and Roy, 2018). The supernatant was 80 % saturated with ammonium sulphate at 4 ⁰C overnight. 

The protein precipitate obtained by centrifugation at 10000 rpm for 15 minutes at 4 °C was dissolved in 5 ml, 0.1 

M sodium-phosphate buffer, pH 7 and dialyzed extensively against the same buffer at 4°C overnight. The dialyzed 

sample was considered as partially purified and used for further analysis. 

Protein Profiling on 10% SDS PAGE  

Qualitative analysis of proteins of partially purified sample was done by 10% Sodium dodecyl sulfate 

polyacrylamide gel electrophoresis (SDS PAGE) as described by Laemmli (1970).  
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Protein Estimation  

The quantity of protein was estimated by Folin–phenol reagent (Lowry et al., 1951) using bovine serum albumin 

(BSA) as standard. 

Statistical Analysis 

The results were presented as mean ± S.E.M. The statistical analysis and figures were generated using Graph Pad 

Prism 8.4.3. 

Results and Discussion 

The enzymes are biocatalyst which catalyzes biochemical reactions. Enzymes of bacterial origin are considered as 

effective tools in degrading the complex compounds. The exploration of sources of cellulase producing bacterial 

communities is area of interest. These bacterial colonies rapidly grows, expresses multi-enzyme complexes, works 

at extreme temperature and pH, has less significant feedback inhibition and ability to endure varieties of 

environmental stress (Lynd et al., 2002; Kasana et al., 2008). In present investigation, salivary secretion (saliva) of 

ruminant ‘Jaffrabadi buffalo’ was investigated for cellulase producing bacteria and reasonable bacterial colonies 

were observed on Bushnell-Haas media containing CMC by spread plate technique (Fig. 1A). Zone of cellulose 

clearance was observed around purified bacterial colonies after Congo-Red staining (Fig. 1B), confirming cellulase 

activity. Congo-Red is considered as an indicator of cellulose hydrolysis in agar medium and frequently used for 

identification of cellulolytic bacteria. The colonies which appeared colorless on red background were taken as 

positive cellulose-degrading bacterial colonies (Lu et al., 2004). These results were in agreement with earlier 

findings pertaining to cellulase producing bacteria from different sources (Soares et al., 2012; Ji et al., 2012; Eida 

et al., 2012; Sethi et al., 2013).  

 
A                             B                              C                             D 

Figure 1: Isolation and screening of bacterial isolates: A) Bacterial colonies on CMC agar, B) Bacterial isolates 

with cellulase activity (shown in circle) on CMC agar stained with Congo red dye, C) Plate showing starch 

hydrolysis by bacterial isolates, D) Cellulase activity from crude extracellular supernatant. 

In addition, bacterial isolate was found to have amylolytic activity on nutrient agar containing starch (Fig. 1C). 

When stained with Lugol’s reagent, clear zone of hydrolysis was observed confirming the presence of amylolytic 

enzymes. The pure bacterial isolate was cultured in CMC broth for cellulase production at 37 ⁰C for 72 hours. After 

cell harvestment, supernatant was found to have cellulase activity as depicted in Fig. 1D. Total protein content in 

crude supernatant was found to be 0.35 mg/ml. Bacterial isolate was subjected to various morphological and 

biochemical tests to identify them. Microscopic observation of the bacterial isolate revealed that bacteria is Gram 

positive, rod or bacilli- shaped, non-motile and spore forming (Fig. 2).  

Recently, several bacterial isolates with these morphological characters were identified and reported to have 

cellulase activity (Hussain et al., 2017). Bacterial isolates were biochemically identified using various tests as shown 

in Fig. 3, Fig. 4 and Table 1. The obtained results indicate that bacterial isolate belongs to Bacillus sp. i.e. Bacillus 

subtilis, in agreement to earlier findings (Siu-Rodas et al., 2018).  
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Figure 2: Morphological identification of bacterial isolates: A) Gram staining, B) Flagella staining, C) Endospore 

staining 

 
Figure 3: Carbohydrate fermentation test: Individual liquid medium was prepared for glucose, fructose, 

maltose, lactose, and sucrose as given in Bergey’s manual. Bacterial isolates was inoculated in the 

medium with control for each without microorganism. 

For the biochemical characterization of extracellular cellulase (evaluation of effect of pH and temperature), bacterial 

isolate was grown in CMC broth media. Extracellular medium (crude supernatant) containing cellulase enzyme and 

partially purified sample with ammonium sulphate was assessed for CMCase activity. Partially purified sample 

showed slightly improved activity i.e. 8µg/ml/min (protein 250µg/ml) compared to that of crude supernatant i.e.; 

5.5µg/ml/min (protein 350µg/ml). The optimum pH of crude cellulase enzyme was found to be in the range of 6.5 

- 7.5 whereas optimum temperature was recorded to be between 40- 50 °C (Fig. 5). 

 
A                                         B                                       C 
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D                                          E                                          F 

Figure 4: Biochemical tests for purified bacterial isolates: A) Indole test, B) Methyl red test, C) Voges–Proskauer 

(VP), D) Citrate test, E) Urease test, F) Catalase test. 

 
Figure 5: Effect of pH and temperature on crude cellulase activity. The data were expressed as mean ± S.E.M (n 

= 3). 

Table 1: Morphological and biochemical properties of purified bacterial isolates  

Characteristics Reaction 

Motility - 

Endosperm + 

Gram Staining  + 

Catalase  + 

Citrate  + 

Voges–Proskauer (VP) - 

Methyl red + 

Urease + 

Indole - 

H2S production - 

Hydrolyzing ability   

a.      Starch + 

b.     Gelatin + 

Carbohydrate fermentation   

a.      Lactose + 

b.     Maltose + 

c.      Glucose + 

d.     Sucrose + 

e.      Fructose + 

This finding is in agreement with study of Islam and Roy (2018) who reported optimal pH 7 and temperature 40 °C 

for cellulase activity. For further characterization, crude and partially purified samples were resolved on 10% SDS-

PAGE. The total numbers of protein bands were visually counted as four in crude supernatant of bacterial isolate 
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whereas single band (likely cellulase) was observed in the partially purified sample (Fig. 6).  

 

Figure 6: Protein profile of bacterial supernatant on10% sodium dodecyl sulfate polyacrylamide gel electrophoresis 

(SDS PAGE): A) Crude bacterial supernatant (30 µg protein), B) Partially purified sample (15 µg protein) and C) 

Partially purified sample (30 µg protein). Arrow indicates probable protein band of cellulose enzyme. 

Earlier reports on cellulose-degrading micro-organisms from ruminants suggest that, these bacterial isolates could 

be subjected to bioremediation of organic wastes to obtain useful by-product (Vidali, 2001). Furthermore, 

ruminant’s microorganisms (especially from saliva) with cellulase activity may find application in biotechnological 

approaches used for processing cellulosic biomass (Shelke et al., 2015; Seki et al., 2015; Nikam et al., 2017). In 

this prospective, our findings on cellulolytic activity from buffalo saliva may assist to design biotechnological 

approaches lay down to cellulosic biomass processing using ruminant’s microorganisms.  

Conclusion 

Cellulase-producing bacteria from the saliva of ‘Jaffrabadi’ breed of buffalo were successfully isolated, purified, 

and characterized. The isolated microorganism was Bacillus subtilis with optimum cellulase activity in neutral pH 

and physiological temperature. These microorganisms with cellulolytic activity could be further explored in the 

prospective of lignocellulosic biomass digestion for industrial and biotechnological applications. 

Acknowledgment  

Authors are grateful to Dr. Sanjay N. Harke, Director of Institute of Biosciences and Technology, MGM University, 

Aurangabad.  

Conflict of Interests  

There is no conflict of interest. 

Publisher Disclaimer 

IJLR remains neutral concerning jurisdictional claims in published institutional affiliation. 

References 

1. Afrc, R. F. (1989). Probiotics in man and animals. Journal of Applied Bacteriology, 66(5), 365–378. doi: 

10.1111/j.1365-2672.1989.tb05105.x  

2. Apun, K., Jong, B. C., & Salleh, M. A. (2000). Screening and isolation of a cellulolytic and amylolytic Bacillus 

from sago pith waste. The Journal of General and Applied Microbiology, 46(5), 263–267. doi: 

10.2323/jgam.46.263  



Shinde et al., 2020 

103 

 

 

International Journal of Livestock Research 

3. Burns, J. C. (2008). ASAS Centennial Paper: Utilization of pasture and forages by ruminants: A historical 

perspective1. Journal of Animal Science, 86(12), 3647–3663. doi: 10.2527/jas.2008-1240  

4. Cho, S. J., Cho, K. M., Shin, E. C., Lim, W.J., Hong, S. Y., Choi, B. R., Kang, J. M., Lee, S. M., Kim, Y. H., 

Yun, H. D. (2006). 16s rDNA analysis of bacterial diversity in three fractions of cow rumen. Journal of 

Microbiology and Biotechnology, 16(1), 92-101. 

5. Eida, M. F., Nagaoka, T., Wasaki, J., & Kouno, K. (2012). Isolation and Characterization of Cellulose-

decomposing Bacteria Inhabiting Sawdust and Coffee Residue Composts. Microbes and Environments, 27(3), 

226–233. doi: 10.1264/jsme2.me11299  

6. Hussain, A. A., Abdel-Salam, M. S., Abo-Ghalia, H. H., Hegazy, W. K., & Hafez, S. S. (2017). Optimization 

and molecular identification of novel cellulose degrading bacteria isolated from Egyptian environment. Journal 

of Genetic Engineering and Biotechnology, 15(1), 77–85. doi: 10.1016/j.jgeb.2017.02.007  

7. Islam, F., & Roy, N. (2018). Screening, purification and characterization of cellulase from cellulase producing 

bacteria in molasses. BMC Research Notes, 11(1). doi: 10.1186/s13104-018-3558-4  

8. Ji, S., Wang, S., Tan, Y., Chen, X., Schwarz, W., & Li, F. (2012). An untapped bacterial cellulolytic community 

enriched from coastal marine sediment under anaerobic and thermophilic conditions. FEMS Microbiology 

Letters, 335(1), 39–46. doi: 10.1111/j.1574-6968.2012.02636.x 

9. Kasana, R. C., Salwan, R., Dhar, H., Dutt, S., & Gulati, A. (2008). A Rapid and Easy Method for the Detection 

of Microbial Cellulases on Agar Plates Using Gram’s Iodine. Current Microbiology, 57(5), 503–507. doi: 

10.1007/s00284-008-9276-8  

10. Laemmli, U. K. (1970). Cleavage of Structural Proteins during the Assembly of the Head of Bacteriophage 

T4. Nature, 227(5259), 680–685. doi: 10.1038/227680a0  

11. Leschine, S. B. (1995). Cellulose Degradation in Anaerobic Environments. Annual Review of 

Microbiology, 49(1), 399–426. doi: 10.1146/annurev.mi.49.100195.002151 

12. Lisdiyanti, P., Suyanto, E., Gusmawati, N. F., Rahayu, W. (2012). Isolation and characterization of cellulose 

produced by cellulolytic bacteria from peat soil of Ogan Komering Ilir, South Sumatera. International Journal 

of Environment and Bioenergy, 3: 145-153 

13. Lowry, O. H., Rosebrough, N. J., Farr, A. L., & Randall, R. J. (1951). Protein measurement with the folin 

phenol reagent. Journal of Biological Chemistry, 193, 265–275 

14. Lu, W.-J., Wang, H.-T., Nie, Y.-F., Wang, Z.-C., Huang, D.-Y., Qiu, X.-Y., & Chen, J.-C. (2004). Effect of 

Inoculating Flower Stalks and Vegetable Waste with Ligno-cellulolytic Microorganisms on the Composting 

Process. Journal of Environmental Science and Health, Part B- Pesticides, Food Contaminants, and 

Agricultural Wastes, 39(5-6), 871–887. doi: 10.1081/lesb-200030896  

15. Lynd, L. R., Weimer, P. J., Zyl, W. H. V., & Pretorius, I. S. (2002). Microbial Cellulose Utilization: 

Fundamentals and Biotechnology. Microbiology and Molecular Biology Reviews, 66(3), 506–577. doi: 

10.1128/mmbr.66.3.506-577.2002  

16. Miller, G. L. (1959). Use of Dinitrosalicylic Acid Reagent for Determination of Reducing Sugar. Analytical 

Chemistry, 31(3), 426–428. doi: 10.1021/ac60147a030  

17. Nikam, M., Reddy, V., Raju, M., Reddy, K., & Narasimha, J. (2017). Effect of non-starch Polysaccharide 

Hydrolyzing enzymes on nutrient utilization and economics of Broilers reared on corn soybean meal based 

standard and sub-optimal diets. International Journal of Livestock Research, 7(2), 172-179. 

doi:10.5455/ijlr.20170209070535 

18. Sathya, T., & Khan, M. (2014). Diversity of Glycosyl Hydrolase Enzymes from Metagenome and Their 

Application in Food Industry. Journal of Food Science, 79(11). doi: 10.1111/1750-3841.12677  

19. Seki, Y., Kikuchi, Y., Kimura, Y., Yoshimoto, R., Takahashi, M., Aburai, K., Sakaguchi, K. (2015). 

Enhancement of Cellulose Degradation by Cattle Saliva. Plos One, 10(9). doi: 10.1371/journal.pone.0138902 

20. Sethi, S., Datta, A., Gupta, B. L., & Gupta, S. (2013). Optimization of Cellulase Production from Bacteria 

Isolated from Soil. ISRN Biotechnology, 2013, 1–7. doi: 10.5402/2013/985685  

21. Shanmugapriya K., Saravana, P. S., Krishnapriya, M. M., Mythili, A., & Joseph, S. (2012). Isolation, screening 

and partial purification of cellulose from cellulose producing bacteria. International Journal of Advanced 

Biotechnology and Research, 3,509-514. 
22. Sharma, A., Tewari, R., Rana, S. S., Soni, R., & Soni, S. K. (2016). Cellulases: Classification, Methods of 

Determination and Industrial Applications. Applied Biochemistry and Biotechnology, 179(8), 1346–1380. doi: 

10.1007/s12010-016-2070-3  
23. Shelke, R. R., Jikare, A., Deokar, S., Jadhav, S., & Chavan M. (2015). Studies on ethanol production from 

studies on ethanol production from cellulolytic waste., World Journal of Pharmacy and Pharmaceutical 

Sciences, 4(12), 1216-1223 

https://bipublication.com/IJABR-biotechnology_journals.html


Available @ http://ijlr.org/issue/vol-10-9-pp-96-104/ 

104 

 

 

International Journal of Livestock Research 

24. Sindhu, R., Binod, P., & Pandey, A. (2016). Biological pretreatment of lignocellulosic biomass – An 

overview. Bioresource Technology, 199, 76–82. doi: 10.1016/j.biortech.2015.08.030 

25. Siu-Rodas, Y., Calixto-Romo, M. D. L. A., Guillén-Navarro, K., Sánchez, J. E., Zamora-Briseño, J. A., & 

Amaya-Delgado, L. (2018). Bacillus subtilis with endocellulase and exocellulase activities isolated in the 

thermophilic phase from composting with coffee residues. Revista Argentina De Microbiología, 50(3), 234–

243. doi: 10.1016/j.ram.2017.08.005  

26. Sneath, P. H. A., Mair, N. S., Sharpe, M. E., & Holt, J. G. (1986). Bergeys manual of systematic bacteriology. 

Baltimore: Williams & Wilkins 

27. Sreeja, S. J., Jeba Malar, P. W., Sharmila, Joseph, F. R., Steffi, T., Immanuel, G., Palavesam, A. (2013). 

Optimization of cellulase production by Bacillus altitudinis APS MSU and Bacillus licheniformis APS2 MSU, 

gut isolates of fish Etroplus suratensis. International Journal of Advancements in Research & Technology, 2, 

401-406. 

28. Soares, F. L., Melo, I. S., Dias, A. C. F., & Andreote, F. D. (2012). Cellulolytic bacteria from soils in harsh 

environments. World Journal of Microbiology and Biotechnology, 28(5), 2195–2203. doi: 10.1007/s11274-

012-1025-2  

29. Tomme, P., Warren, R., & Gilkes, N. (1995). Cellulose Hydrolysis by Bacteria and Fungi. Advances in 

Microbial Physiology Volume 37 Advances in Microbial Physiology, 1–81. doi: 10.1016/s0065-

2911(08)60143-5  

30. Tony R. (2008). Bacterial Biofilms. Current Topics in Microbiology and Immunology. doi: 10.1007/978-3-

540-75418-3 

31. Verma,V., Verma, A., & Kushwaha, A. (2012). Isolation & production of cellulase enzyme from bacteria 

isolated from agricultural fields in district Hardoi, Uttar Pradesh, India; Pelagia Research Library. Advances in 

Applied Science Research, 3 (1), 171-174.  

32. Vidali, M. (2001). Bioremediation. An overview. Pure and Applied Chemistry, 73(7), 1163–1172. doi: 

10.1351/pac200173071163 

33. Warner, R. G., Flatt, W. P., & Loosli, J. K. (1956). Ruminant Nutrition, Dietary Factors Influencing 

Development of Ruminant Stomach. Journal of Agricultural and Food Chemistry, 4(9), 788–792. doi: 

10.1021/jf60067a003  

34. Weimer, P. J. (1996). Why Don’t Ruminal Bacteria Digest Cellulose Faster? Journal of Dairy Science, 79(8), 

1496–1502. doi: 10.3168/jds.s0022-0302(96)76509-8 

35. Yin, L.-J., Huang, P.-S., & Lin, H.-H. (2010). Isolation of Cellulase-Producing Bacteria and Characterization 

of the Cellulase from the Isolated Bacterium Cellulomonas Sp. YJ5. Journal of Agricultural and Food 

Chemistry, 58(17), 9833–9837. doi: 10.1021/jf1019104 

****************** 


