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ABSTRACT 
 

Microbiological utilization of cellulose is the key factor for the utmost material flow in the biosphere. The present study aimed at the isolation 
and identification of bacteria with cellulase activity from cellulose containing samples. Samples were collected from soil, domestic kitchen 
waste, and sawdust. A total of 42 bacterial isolates were isolated through serial dilutions and spread plate method in carboxymethyl cellulose 
(CMC) agar media. The isolates were then screened using congo red staining on CMC agar plates for cellulolytic activity. Among t he 42 
isolates, only 24 (57%) isolates showed cellulolytic activity. Morphological and biochemical assays suggested that the cellulose-degrading 
bacterial isolates were members of the genus Bacillus sp., Pseudomonas sp., Staphylococcus aureus, S. epidermidis, and Salmon ella sp. The 
Salmonella sp. (CDB18) (0.5170 IU/ml/min), Bacillus sp. (CDB20) (0.4890 IU/ml/min) and Bacillus sp., (CDB13) (0.4016 IU/ml/min) showed 
maximum enzymatic activity. Therefore, these bacterial species can be utilized for effective biodegradation of cellulose-containing 
substrates. 
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1. INTRODUCTION 
 

Cellulose is a major component of plant biomass. It is an 

abundant, cheap biopolymer, and a renewable resource of 

energy (Khaleel et al., 2018). Approximately 100 billion metric 

tons cellulose is produced naturally every year, while the 

entire biomass is around 280 billion metric tons (Cheng et al., 

2010). Cellulose is mainly a polysaccharide having a fibrous 

crystalline appearance and made up of the repeating units of 

D-glucose, which is linked by β-1, 4- glycosidic linkage 

(Zaghoud, et al., 2019). It has a high molecular weight and is 

soluble in water (Malherbe and Cloete, 2003). It can be 

changed into glucose and other soluble sugars by the process 

called cellulolysis. For cellulolysis, a set of enzymes named 

cellulase are required, which includes endoglucanase (endo-1, 

4-β-D-glucanase); cellobiohydrolase or exoglucanase (exo-1, 4-β-D-

glucanase), and β-glucosidase   (1,4-β-D-glucosidase) (Li and Gao, 

2008). Different microorganisms produce this inducible 

bioactive compound during their growth and development on 

cellulosic matters (Gomashe et al., 2013). Cellulolytic 

microorganisms mostly fungi and bacteria are involved in 

cellulosic compound degradation in soils (Ojumu et al., 2003).  

Cellulase has massive applicability in different industrial 

processes involving biofuels like bioethanol (Vaithanomsat et 

al., 2009), triphasic bio methanation (Chakraborty et al., 2000); 

plant and agricultural waste management, ligand binding and 

chiral separation studies (Lu et al., 2004; Nutt et al., 1998). 

However, there is a deficiency of microorganisms that can 

produce a significant amount of cellulase enzyme to efficiently 

convert cellulose into fermentable products (Maki et al., 2009). 

Bacteria are now being widely explored for cellulase 

production because of their extremely high natural diversity 

and the capability to produce stable enzymes that can be 

applied in industries (Haakana et al., 2004; Ashjaran and 

Sheybani, 2019). Bacterial cellulases usually act as a highly 

effective and a potent catalyst (Gautam et al., 2010) and is 

widely used because of their rapid growth, expression of multi-

enzyme complexes, stability at extremes of temperature and 

pH, lesser feedback inhibition and capacity to colonize a wide 

variety of environmental niches (Maki et al., 2009).  

Bacterial efficient bioconversion of cellulose-containing 

materials largely depends on the types of cellulose, sources of 

the cellulolytic enzyme, and favorable conditions for the 

production of enzymes and its catalytic activity. Moreover, 

cellulose nature and quality, aeration temperature, incubation 

period, carbon sources, pH of the medium, medium additives, 

and presence of different inducers are also crucial parameters 

for the maximum production of different cellulase enzymes 

(Angsana et al., 2009). 

Experiments on the isolation and characterization of active 

cellulase producing microorganisms from various sources, like 

soil, organic matters, decayed plant materials, feces of 

ruminants, hot springs, and composts have been continued for 

many years (Doi, 2008). However, most of the studies 

emphasized on fungi with less emphasis on bacteria as a 

source for cellulase production. So, the primary objective of 

this research was the isolation and identification of bacterial 

species capable of efficiently hydrolyzing the cellulosic 
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compounds and acting as an enhancer in the biodegradation of 

these cellulosic compounds. 

 

2. MATERIALS AND METHODS 

2.1 Sample collection 

The samples were collected from various habitats (sawdust, 

kitchen-waste, and soil substances) and were stored at 4°C in 

sterile containers until inoculation. 

2.2 Isolation of soil bacteria 

One gram of soil sample was added to 9 mL of distilled water in 

a sterile test tube and was shaken thoroughly. Dilutions were 

made up to 10-6. About 0.1 ml of inoculum from serially diluted 

samples were spread on CMC (carboxymethyl cellulose) agar 

plate thoroughly and incubated at 37°C for 24 hours. 

2.3 Determination of cellulase producing activity of the 

bacterial isolates 

The CMC agar plates incubated with bacterial isolates were then 

flooded with 0.1% Congo red solution for 20 minutes. After 

that, the plates were rinsed with 1 M NaCl solution and 

visualized the hydrolysis zone. A clear hydrolysis zone formation 

mentions cellulose degradation. The diameter of the bacterial 

colony (d) and clear zone (D) around the colony after Congo red and 

NaCl treatment was measured. The ratio (R) of D and d was also 

calculated to identify the highest cellulase activity of bacterial 

isolates. On the basis of R values, nine isolates with the 

highest R values were selected for further quantitative assay 

of cellulase production. The largest ratios were assumed to have 

the maximum cellulase producing activity.  

 

2.4 Assessment of carboxymethyl cellulase (CMCase) 

activity of bacterial isolates 

Quantitative analysis for the cellulase production by the 

isolates was performed by the CMCase assay method for 

Endo 1, 4-glucanase. DNS method was used for reducing 

sugar estimation for this purpose. The activity was assessed 

using a 1% carboxymethyl cellulose (CMC) solution in 0.05 M 

citrate buffer (pH 4.8) used as a substrate. The reaction was run 

at 50°C for about 30 minutes, and it was terminated by adding 

3ml of DNS solution into the reaction mixture. The mixture was 

then boiled at 100°C for about 5 minutes. Optical Density (OD) 

was measured with a systronics119 spectrophotometer at 540 

nm. The assessment was  done depending on the obtained by-

product. 

 

2.5 Characterization & identification of bacterial isolates 

These isolates were then chosen to study their morphological, 

physiological, and biochemical characteristics to identify their 

genus and species names. Different selective and differential 

media were used to culture the bacterial colonies such as MacConkey, EMB, BGA, King’s B, Bouillon Agar, MSA, etc. 

Different biochemical tests (Catalase, Indole, Fermentation, 

Starch hydrolysis) were also conducted. Results of different 

physiological and biochemical tests were examined following Bergey’s Manual of Determinative Bacteriology (Buchanan and 

Gibbons, 1974). 

 

3. RESULTS 

3.1 Isolation of bacterial isolates from samples 

A total of forty-two bacterial isolates were isolated from 

different samples and screened for the bacteria with cellulase 

producing capability through congo red assay, carboxymethyl 

cellulase assay, and biochemical identification. 

3.1.1 Congo red assay for cellulose production 

Out of 42 isolates, 24 (57%) showed a distinct clear zone 

around colonies in the CMC agar plate after Congo red staining. 

Out of these 24 isolates, only nine bacterial isolates showed 

zone to colony ratio (R) value within the range of 2.33 and 

above. Among all, only three bacterial species exhibited the 

highest cellulose-degrading activity within the range of 3.3-4 

ratios, 6 showed high activity range of 2.5-2.88, while ten 

isolates showed moderate cellulolytic activity within the range 

of 2.0-2.33 ratios as given in Table 1. The rest 4 isolates 

showed lower cellulolytic activity within the range of 0.2-1.77. 

Cellulase production of the isolates and R-value are positively 

correlated to the results of a study conducted by Hong-li et al. 

(2015). The highest R-value containing isolates (CDB2, CDB4, 

CDB6, CDB7, CDB13, CDB15, CDB18, CDB20, and CDB21) were 

considered to be efficient isolates for cellulase production. The 

diameters of clear zones (D), colony size (d), and R-values of 

the cellulase producing isolates are shown in Table 1.

 

Table 1: Determination of cellulase enzyme activity of some cellulose-degrading bacterial isolates in CMC agar plates through the 

halo zone formation 

Sl. No 
Sample 

Name 
Isolate 

Colony size, d 

(cm) 

Zone size, D 

(cm) 

Ratio  of 

zone size and colony size, R= D/d 

1 S1C1 CDB1 0.3 0.6 2 

2 S1C2 CDB2 1.2 3 2.5 

3 S2C2 CDB3 1.8 3.2 1.77 

4 S2C5 CDB4 0.9 2.1 2.33 

5 S3C2 CDB5 0.2 0.4 2 

6 S3C4 CDB6 0.9 2.5 2.77 

7 S4C2 CDB7 0.4 1.1 2.75 

8 S6C1 CDB8 0.7 1.6 2.28 

9 S6C3 CDB9 0.4 0.9 2.25 
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10 S7C2 CDB10 0.2 0.35 1.75 

11 SDC1 CDB11 0.1 0.2 2 

12 SDC2 CDB12 0.4 0.8 2 

13 SDC3 CDB13 0.2 0.7 3.5 

14 SDC4 CDB14 0.2 0.4 2 

15 SDC5 CDB15 0.15 0.42 2.8 

16 SDC6 CDB16 0.1 0.3 0.2 

17 SDC7 CDB17 0.1 0.15 1.5 

18 KC4 CDB18 0.4 1.6 4 

19 KC5 CDB19 0.4 0.8 2 

20 KC6 CDB20 0.6 1.7 2.8 

21 KC7 CDB21 0.15 0.6 3.3 

22 KC8 CDB22 0.4 0.8 2 

23 KC9 CDB23 1 2 2 

24 KC10 CDB24 0.25 0.72 2.88 

 

3.1.2 Carboxymethyl cellulase assay of bacterial isolates  The CMCase activity of CDB18 (0.5170) was the highest of all 

the isolates, followed by CDB20 (0.4890) and CDB13 (0.4016) 

(Table 2).  

Table 2: Estimation of enzyme activity (DNS method) value (I.U./ml/min) 

Sl. No Sample  Name Isolate Absorbance (I.U./ml/min) 

1 S2C5 CDB4 0.3120 

2 SDC1 CDB6 0.3566 

3 SDC2 CDB7 0.3542 

4 SDC4 CDB2 0.3170 

5 SDC5 CDB15 0.3215 

6 KC4 CDB18 0.5170 

7 KC5 CDB13 0.4016 

8 KC6 CDB20 0.4890 

9 KC7 CDB21 0.3523 

 

3.1.3 Biochemical identification of bacterial isolates 

In this study, Staphylococcus aureus, S. epidermidis, Bacillus sp., 

Pseudomonas sp., and Salmonella sp. were presumptively 

isolated through their typical colony characteristics onto 

specific culture media. S. aureus gave yellow-colored, and S. 

epidermidis gave pink-colored colonies on MSA media. Bacillus 

sp. gave a white-colored colony on Bouillon agar, and 

Pseudomonas sp. showed a greenish-yellow colored colony on 

King's B media. Its pink-colored colony identified Salmonella 

sp. on EMB agar media. Besides, the results of the performed 

biochemical tests of different isolates revealed that out of 9 

isolates, 6 (67%) isolates were Gram-positive and the rest 3 

(33%) were Gram-negative and rod-shaped. Among the Gram-

positive isolates, 4 (67%) were cocci and 2 (33%) were rod-

shaped. All the isolates were catalase-positive and indole 

negative. Only 3 (33%) out of 9 isolates showed a positive 

starch hydrolysis test, and 2 (22%) were positive for 

endospore staining, indicating the presence of Bacillus sp. 

Among four cocci-shaped bacteria, 2 (50%) were positive for 

the coagulase test, which confirmed the presence of S. aureus. 

Among nine isolates, 2 (22%) Gram-negative isolates were 

positive for the lactose fermentation test, which showed a 

pink-colored colony on EMB media indicating the presence of 

Salmonella sp.  

 

Table 3: Results of some major biochemical tests of isolated cellulose-degrading bacterial colonies from different samples 

Isolate 

No. 

Gram 

Reaction 

Catalase      

test 

Fermentation 

test 

Starch 

hydrolysis 

Indole 

test 

Endospore 

staining 

CDB2 + + _ + _ _ 

CDB4 + + _ _ _ + 

CDB6 + + _ _ _ _ 

CDB7 _ + + _ _ _ 
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CDB13 + + _ + _ + 

CDB15 + + _ + _ _ 

CDB18 _ + + _ _ _ 

CDB20 + + _ _ _ + 

CDB21 _ + _ _ _ _ 

 

4. DISCUSSION  

As cellulase is a widely-used enzyme in various industries, the 

present study deals with screening, isolation, and 

characterization of cellulose-degrading bacteria and the 

estimation of the cellulolytic potential of these isolates. Among 

different cellulose-containing samples used for this study, the 

study identified nine bacterial isolates having higher enzyme 

activities and considered as better cellulose degraders and can 

be used to degrade cellulose from decayed plants more 

effectively. 

Agar media containing cellulose or CMC for the identification of 

cellulolytic bacteria through the formation of a clear hydrolytic 

zone have been reported by many researchers (Baharuddin et 

al., 2010; Gomashe et al., 2013; Das et al., 2014). In the current 

study, out of 42 bacterial isolates, 24 (57%) isolates showed a 

hydrolytic zone between 0.3-3.2 cm and colony size of 0.1-1.8 

cm. Among the efficient isolates, the maximum cellulolytic zone 

to colony diameter ratio measured was 4 (CDB18), while the 

minimum ratio was 2.33 (CDB4). These results indicated that 

the isolated bacterial species have lower to significant ability to 

produce cellulase. These results have similarities to the 

findings by Hatami et al. who also reported the hydrolysis zone 

value in the range of 1.38 to 2.33 and 0.15 to 1.37 cm while 

studying with cellulose-degrading aerobic bacterial isolates 

from farming and forest soil, respectively. Staphylococcus 

aureus, S. epidermidis, Salmonella sp., Bacillus sp., and 

Pseudomonas sp. were isolated as cellulolytic bacteria from 

different samples in this study. These results are in agreement 

with those reported in previous studies where the cellulose-

degrading microorganisms have been identified and isolated 

from different environments like soil (Soares et al., 2012; Sethi 

et al., 2013), organic waste (Ghio et al., 2012), gut (Dantur et 

al., 2015), animal waste (Singh et al., 2013), marine sediments 

and seaweeds (Santhi et al., 2014). Lu et al. observed that 

bacteria belonging to the genera Cellulomonas, Clostridium, 

Thermomonospora, Cellulosimicrobium, Erwinia, Bacillus, 

Ruminococcus, Streptomyces, Bacteriodes, Acetovibrio, 

Fibrobacter, Microbispora, and Paenibacillus had been reported 

to produce different types of cellulase in anaerobic or aerobic 

conditions. 

Gupta et al. reported several cellulolytic bacteria showing 

CMCase activities within the range of 0.162–0.400 U/mL. This 

study was in agreement with our current study, where we 

identified 24 bacterial isolates as capable of yielding cellulase 

enzymes out of 42 isolates from different cellulose-containing 

samples. The CMCase activities were within the range of 

0.3170 IU/mL to 0.5170 IU/mL, which were higher than the 

previous study. 

Vimal, 2016 identified Bacillus cereus and Bacillus subtilis by its 

morphological, cultural, and biochemical characteristics as 

cellulose-producing bacteria. We also identified Bacillus sp. 

from soil samples and showed relatively good performance in 

the production of cellulase enzyme. Out of 9 most cellulase 

producing isolates, 3 (33%) isolates were identified as Bacillus 

sp. and exhibited CMCase activity of 0.4890 IU/ml, 0.4016 

IU/ml and 0.3566 IU/ml, respectively. These results coincide 

with those reported in previous studies, in which many Bacillus 

sp. including Brevibacillus brevis, Bacillus pumilus, Brevibacillus 

sp. and Bacillus subtilis have been used for cellulase production 

(Singh and Kumar, 1998; Kotchoni et al., 2006; Rastogi et al., 

2009; Yin et al., 2010). 

Using response surface methodology, Deka et al. found Bacillus 

subtilis as exhibiting the highest CMCase activity of 0.43 U/mL. 
Rastogi et al. reported that Brevibacillus and Geobacillus sp. 

exhibited the highest CMCase activity of 0.02 and 0.058 U/mL 

sp., respectively. Das et al. isolated eight bacterial isolates from 

cow dung samples, and they also identified Bacillus sp. as the 

highest amount of cellulose-producing bacteria. Moreover, 

Bacillus was also recognized as the dominant cellulose-

degrading bacteria in different samples collected from organic 

fertilizers of Red Rock and paper mill sludges of Canada. It was 

also found in the compost, animal waste slurry as well as soil 

from Jeju Island (Kim et al., 2012). 

Besides, Sheng et al. and Da Vinha et al. reported a maximum CMCase activity of 2.0 and 1.432 U/mL by Streptomyces 

viridobrunneus and Pseudomonas sp. respectively using 

orthogonal experiment design and response surface 

methodology for medium optimization.   Pseudomonas sp. was 

also isolated in our study, and the CMCase activity was 0.3523 

IU/mL, which was relatively lower than the previous study. In 

other studies, Otajevwo and Auyi isolated Serratia sp. and 

Pseudomonas sp. from soil samples having a more exceptional 

capability to produce cellulase enzymes. According to Lynd et 

al. Pseudomonas, Aeromonas, Pesturella, Staphylococcus sp., and 

Bacillus sp. displayed cellulase-producing activity. Both Bacillus 

and Pseudomonas sp. were capable of producing within the 

range of 0.0038 to 0.2514 IU/ml cellulase in this study. Chen et 

al. identified Sphingomonas sp., Pseudomonas sp., 

Achromobacter sp., and Stenotrophomonas sp. using a 16S 

rDNA sequence from cellulose containing samples. Gamache et 

al. also identified Pseudomonas spp. and Thermoactinomycetes 

spp. from Nagpur region soil. 

Alternatively, some CMCase genes, which were cloned from 

Paenibacillus polymyxa, Paenibacillus barcinonensis, 

Paenibacillus xylanilyticus, and Paenibacillus cookii have been 

expressed in Saccharomyces cerevisiae and Escherichia coli 

(Shinoda et al., 2012). In our study, no Paenibacillus or E. coli 

were identified, but we identified Salmonella sp. as maximum 

cellulose-producing bacteria that was not reported until now 

in the previous studies.  

Staphylococcus aureus and S. epidermidis were also identified 

as cellulose-producing bacteria in this study, and the CMCase 

activity was 0.0.3170, 0.3120, and 0.3215 IU/ml, respectively. 

Ahmad et al. also isolated Staphylococcus spp. along with 

Pseudomonas spp., Aeromonas spp., Pasteurella spp. and 

Bacillus from Municipal Waste of Peshawar city and its vicinity. 
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5. CONCLUSION  

Cellulases provide a significant opportunity for attaining 

tremendous benefits for biomass utilization (Wen et al., 2005). 

Cellulolytic microorganisms can alter cellulose into different 

soluble sugars by either enzymatic hydrolysis or acidic 

reaction. The availability of enough cellulose offers it as an 

attractive raw material for manufacturing many industrially 

relevant commodity products. Cellulase has a potentiality to be 

utilized in biotechnology and industry, viz alcoholic beverage, 

starch processing, malting, clarify of juice, brewing, pulp 

bleaching, textile industry, and animal feed (Sreeja et al., 2013; 

Bakhy et al., 2018). So, in biodegradation, bioremediation and 

biofuel research, isolation and characterization of cellulolytic 

bacteria will be continued as an essential aspect. Therefore, the 

screening of efficient cellulose-degrading organisms, cost-

effective operational techniques, and thus useful end-product 

production from degradation of cellulose would be very 

beneficial. Using various techniques, further improvement in 

the case of cellulase performance can be imparted for 

industrial applications. 
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