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Introduction 
 

Cellulose is the most abundant and important 

renewable natural raw material for industries like 

paper and pulp, animal feed, manure, and fuel. In 

order to convert the cellulose into valuable products, 

chemical and physical treatments followed in the 

industries created secondary pollutions (Agbor et 

al., 2011). Thus, microbial cellulase is the best eco-

friendly approach for biodegradation or 

bioconversion of cellulosic waste materials. 

Cellulase refers to a class of enzymes produced 

chiefly by fungi and bacteria (Immanuel et al., 

2006). Numerous bacteria viz., Cellulomonas, 

Pseudomonas, Bacillus and Micrococcus have been 

reported to exhibit cellulolytic properties but 
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Cellulose degrading bacteria plays a crucial role to convert cellulose into valuable 

products through cellulase enzyme. In this study, 21 bacteria were isolated from 

dump site of sewage pumping station, Khajod, Gujarat, India. Amongst, three 

bacteria viz., SWCDB6 (1.32; 0.47; 0.36 and 0.46), SWCDB21 (1.27; 0.55; 0.36 

and 0.48) and SWCDB5 (1.20; 0.52; 0.33 and 0.43) showed potent Cellulolytic 

Index (CI), CMCase (U/ml) activity, FPase (U/ml) activity and cell biomass 

(OD660), respectively at 72 hrs at 30 ºC ± 0.2. Effect of varied pH, temperature, 

incubation period, carbon sources (starch and cellulose) and nitrogen source 

(ammonium sulphate and urea) studied to optimize the maximum cellulase 

production by these three isolates. Maximum CMCase, FPase and biomass 

production was recorded with pH 7.0 at 35 ºC ± 0.2 at 96 hrs along with addition of 

0.5 % ammonium sulfate and starch in the medium for all three isolates. However, 

SWCDB21 was found to be potent cellulase producer and molecularly identified as 

Staphylococcus species. It can be further explored for agriculture waste degradation 

after thorough in vivo studies. 
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unfortunately very few are examined for their 

industrial applications (Lee and Koo, 2009). Further, 

extracellular enzymes like CMCase and FPase 

produced by the cellulose degraders are more 

sensitive to the various physiochemical condition of 

the environment. Soil of the waste dump site is 

represents the most suitable site to isolate the 

cellulose degrading bacteria. Therefore, present 

study aims to isolate and identify the novel cellulose 

degrading bacteria from waste dump site and to 

optimize the physiochemical parameters for 

maximum enzyme production. 

 

Materials and Methods 

 

Isolation and screening of cellulose degrading 

bacteria  

 

Soil sample from the depth of 5 to 10 cm were 

collected from waste dump site of sewage pumping 

station, Khajod, Surat, Gujarat, India (21°05'45.2"N; 

72°48'18.8"E). Isolation was done through standard 

microbiological method using serial dilutions and 

spread plate technique on sterile nutrient agar plate. 

Purified bacterial colony preliminary screened for 

cellulose degraders on Carboxymethyl cellulose 

(CMC) agar plate as per method of Missa et al., 

(2016). Plates were flooded with 1 % congo red 

solution and colonies that showed discoloration of 

congo red were considered as cellulose degraders. 

Cellulolytic index (CI) was measured using the 

formula: Diameter of total zone – Diameter of 

bacterial colony/Diameter of bacteria colony. The 

isolates that showed significant cellulolytic index 

(CI) on CMC agar plate were further screened 

quantitatively using CMCase and FPase assays 

along with bacterial biomass (OD660) according to 

method as described by Sherief et al., (2010).  

 

Effect of physiochemical conditions  

 

Physiological condition was studied using varied 

incubation time, pH and temperature (Bhagat and 

Kokitkar, 2021). Each of selected bacteria were 

inoculated into the CMC broth and incubated at 30 

ºC ± 0.2 for different incubation period (24, 48, 72 

and 96 hrs). Similarly, each of the selected bacteria 

was cultured in CMC broth and subjected for varied 

temperatures (25 ºC, 35 ºC, 45 ºC and 55 ºC) and pH 

(5, 6, 7, 8, 9 and 10). Different nitrogen (ammonium 

sulphate and area) and carbon sources (starch and 

cellulose) with the concentration of 0.1 %. 0.5 % 

and 1.0 % as co-substrates were added in CMC 

broth. CMCase, FPase and biomass was analysed for 

each parameter along with control flasks.  

 

Molecular identification of bacteria 

 

The 16S-rDNA sequencing of potential cellulose 

degrader, SWCDB21 was performed for its proper 

identification. Bacterial genomic DNA was 

extracted and purified following the protocol as 

described by Nakada et al., (2010). The 16S rDNA 

genes were amplified using primers 27F 

(AGAGTTTGGATCMTGGCTCAG) and 1492R 

(CGGTTACCTTGTTACGACTT). Sequencing 

services were taken from Eurofins Genomics India 

Pvt. Ltd., Bengaluru, India.  

 

Consensus sequence of 16S rDNA gene was 

generated from forward and reverse sequence data 

using aligner software. The consensus 16S rDNA 

sequence was used to carry out BLAST with the 

database of NCBI Genbank database. Based on 

maximum identity score first ten sequences were 

selected and aligned using multiple alignment 

software program Clustal W. The evolutionary 

history was inferred using the Neighbor-Joining 

method (Saitou and Nei, 1987) and the optimal tree. 

The evolutionary distances were computed using the 

Maximum Composite Likelihood method (Tamura 

et al., 2004) and evolutionary analyses were 

conducted in MEGA11 (Tamura et al., 2021).  

 

Statistical analysis 

 

Primary screening, secondary screening and all 

physiochemical parameters were analyzed in 

triplicates. To study level of significance, the 

complete randomized design with factorial concept 

was used. The critical difference (CD) among the 

variance was calculated at P≤0.05 (Panse and 
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Sukhatme, 1967). The results are expressed as mean 

with standard deviation (mean±SD) or standard 

error (mean±SE). 

 

Results and Discussion  

 

Isolation and screening of cellulase producers 

 

A total of 21 bacterial isolates, coded as SWCDB1 

to SWCDB21 were isolated from the soil dumping 

site of sewage pumping station on nutrient agar 

media. Amongst, 15 isolates showed cellulolytic 

index (CI) in the range of 0.14 to 1.32 at 72 hrs at 30 

ºC ± 0.2 on CMC agar media (Fig.1). Cellulolytic 

index > 1.0 was observed with the bacteria 

SWCDB21 (1.32) followed by SWCDB5 (1.27), 

SWCDB6 (1.20), SWCDB17 (1.10), SWCDB13 

(1.09) and SWCDB3 (1.07). Thus, these six bacteria 

were studied for quantitative analysis of enzyme 

activities or secondary screening. Earlier, Hatami et 

al., (2008) screened cellulolytic bacteria from 

farming and forest soil and reported CI value 

between 1.38 to 2.33 and 0.15 to 0.37, respectively. 

Gaur and Tiwari (2015) also selected bacteria that 

have > 1.0 CI on CMC agar plates. 

 

Bacterial isolates SWCDB21 showed maximum 

CMCase (0.55 U/ml) and FPase (0.36 U/ml) 

followed by SWCDB5 and SWCDB6 (Table 1). 

Bacterial biomass was increased with incubation 

time (Table 1). Drastic change in the pH of the 

medium was not observed. Saini et al., (2017) 

reported that an isolate NAB37 produced highest 

CMCase (0.948 U/ml) and FPase (0.125 U/ml) 

activity among the 371 bacteria isolated from soil.  

 

Optimization of physiochemical condition 

 

The selected three bacterial isolates viz., SWCDB21, 

SWCDB5 and SWCDB6 were optimized for its 

physiological conditions like incubation period, pH 

and temperature with respect to their CMCase, 

FPase and cell biomass activity. The optimum 

incubation period was found to be 96 hrs. The 

isolate SWCDB21 showed maximum activity of 

CMCase (0.55 U/ml), FPase (0.36 U/ml) and 

biomass (0.48 OD660) followed by SWCDB5 and 

SWCDB6 (Fig. 2a). Previously, Lugani et al., 

(2015) also studied effect of incubation period on 

cellulase production by Bacillus sp. Y3 and found 

that maximum FPase and CMCase at 96 hrs. The 

optimum temperature for maximum enzyme 

activities and cell biomass was recorded at 37 ºC. 

Bacterial isolates SWCDB21 (CMCase-0.60 U/ml; 

FPase- 0.40 U/ml and biomassOD660-0.58) showed 

maximum activities followed by SWCDB6 and 

SWCDB5 (Fig. 2b). Further, moderate activities 

were noted at 25 ºC; while diminished at high 

temperatures (45 and 55 ºC). Similarly, Premalatha 

et al., (2015) found 30 
o
C as the optimized 

temperature for highest cellulase production by 

Enhydrobacter sp. Khatiawada et al., (2016) also 

reported that Serratia sp. produced 0.20 U/ml of 

cellulase at 35°C. The effect of varied pH revealed 

that pH 7 and 8 was optimum for bacterial growth 

along with enzyme activities (Fig. 2c). SWCDB21 

recorded remarkable enzyme activities viz., CMCase 

of 0.50 U/ml, FPase of 0.32 U/ml and cell biomass 

of OD660 0.52 than the other isolates. These results 

supported with the work of Dar et al., (2018) who 

isolated Klebsiella sp. MD21 and reported 

maximum cellulase activities at pH 7.0.  

 

The present study results are also in accordance with 

the work carried out by Islam and Roy (2018) 

wherein Paenibacillus species showed good growth 

and cellulase activity of 0.89 U/ml at pH 7. Further, 

all three bacteria showed the significant differences 

and maximum enzyme activity with cell biomass at 

37ºC with pH 7 at 96 hrs of incubation period.  

 

Different nitrogen and carbon source as co-

substrates in CMC broth at 0.1 %, 0.5 % and 1.0 % 

was carried out in order to accelerate the microbial 

process. The maximum activity was observed with 

0.5 % of ammonium sulphate as compared to other 

concentration. SWCDB21 showed higher activities 

than the other isolates (Fig. 3a). Biomass and 

enzyme activities were drastically decreased in the 

presence of urea. However, moderate enzyme 

activities and biomass was recorded with 0.1 % of 

urea with the isolate SWCDB6 (Fig. 3b).  
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Table.1 Quantitative analysis of cellulase production 

 

Isolates CMCase (U/ml) FPase (U/ml) Cell biomass (OD660) 

24 48 72 96 24 48 72 96 24 48 72 96 

SWCDB3 0.13 0.19 0.23 0.26 0.06 0.10 0.14 0.19 0.39 0.43 0.47 0.43 

SWCDB5 0.33 0.37 0.46 0.52 0.20 0.20 0.26 0.33 0.41 0.43 0.46 0.49 

SWCDB6 0.33 0.40 0.44 0.47 0.19 0.21 0.26 0.36 0.43 0.46 0.46 0.48 

SWCDB13 0.15 0.20 0.24 0.32 0.06 0.09 0.16 0.20 0.38 0.40 0.43 0.41 

SWCDB17 0.12 0.16 0.20 0.23 0.07 0.13 0.16 0.21 0.39 0.42 0.49 0.46 

SWCDB21 0.31 0.33 0.44 0.55 0.21 0.29 0.31 0.36 0.44 0.48 0.48 0.54 

S.Em. ± 0.005 0.007 0.012 0.011 0.004 0.005 0.007 0.006 0.008 0.009 0.013 0.011 

 

Fig.1 Cellulolytic Index (CI) of the isolates 

 

 
 

Fig.2 Effect of (a) incubation period (b) temperature and (c) pH on CMCase, FPase and biomass production 

 

(a) (b) 
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(c) 
 

 
 

Fig.3 Effect of (a) ammonium sulfate (b) urea (c) starch and (d) cellulose 

 

(a) 

 
(b) 

  
  

(c) (d) 
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Earlier, Sethi et al., (2013) reported higher cellulase 

activity by Pseudomonas fluorescens, Bacillus 

subtilIs, E. coli, and Serratia marcescens with 0.5 % 

of ammonium sulfate in the medium; while 

inhibition of enzyme activity in the presence of 0.5 

% urea. Similar kind of results obtained by Vyas et 

al., (2016), wherein CMCase and FPase activities of 

Bacillus subltilis M1was decreased in the presence 

of urea.  

 

Among the varied concentration of carbon sources 

studied, 0.5 % starch was found to be optimum 

CMCase, FPase and biomass production for the 

bacterial isolates SWCDB21 and SWCDB6; while 

0.1 % starch was for SWCDB5 (Fig. 3c). Moderate 

activities were noted with 0.1 % cellulose with all 

the isolates (Fig. 3d). However, starch was found to 

be a better as co-substrate as compared to cellulose. 

Similarly, Ochrobactrum anthropi (YZ1) and 

Bacillus anthracis isolated by the Duza and Mastan 

(2015) reported cellulase activity of 2.69 U/ml and 

2.81 U/ml; 4.13 U/ml and 4.38 U/ml with 0.5 % and 

1.0 % starch, respectively. Thus, ammonium sulfate 

and starch at 0.5 % in the CMC medium more 

optimum for the bacterial biomass and enzyme 

activities. 

 

Molecular identification of the isolate 

 

The isolate SWCDB21 was found potential among 

the three isolates. Thus, it was characterized through 

16S rDNA sequence. Morphologically SWCDB21 

was gram positive cocci and produced tiny, small, 

circular, glistening and yellow pigmented colonies. 

Further, 16S rDNA based identification of the strain 

SWCDB21 was done. The 16S rDNA gene of 

SMCDB21 was successfully amplified through PCR 

employing universal primers for identification of 

species. Homology analysis indicated that sequence 

of the 16S gene of SWCDB21 showed somewhat 

similar sequence alignment, 86.69% homology with 

the genus Staphylococcus sp. strain JDMASP1 16S 

rRNA partial sequence (KX817938.1). Flimban et 

al., (2019) reported that Staphylococcus was the 

most prominent group of bacteria that possess 

cellulolytic activity and identified six Staphyloccus 

species with significant cellulase activities using rice 

waste as a substrate. Cellulolytic bacteria are 

prominent to convert the agricultural waste into eco-

friendly product. Diversified samples like soil, 

organic waste, and animal manure were used to 

isolate cellulose degrading bacteria. Municipal 

corporation waste possesses mixture of varied 

material and thus is the best source to isolate 

cellulolytic bacteria. Thus, an attempt made to 

isolate cellulolytic bacteria from waste dump site. 

Preliminary, 71.4 % of the bacteria showed 

cellulolytic index (CI) during primary screening that 

indicated that the soil of waste was rich in cellulose 

degrading bacteria. Six bacteria with > 1.0 CI were 

selected in order to select potential cellulose 

degraders. Cellulolytic activity is based on 

production of cellulase enzyme production and was 

studied in terms of secondary screening. Three 

bacteria viz., SWCDB5, SWCDB6 and SWCDB21 

out of six strains were identified with significant 

CMCase, FPase and biomass activity during 

secondary screening. CMCase and FPase are 

inducible enzymes that affected by physiochemical 

factors surrounding the environment.  

 

Thus, effect of varied pH, incubation time and 

temperatures; addition of different concentration of 

ammonium sulfate and urea as nitrogen source; 

starch and cellulose as carbon sources were studied 

to optimize the physiochemical condition for higher 

CMCase and FPase production for the isolates 

SWCDB5, SWCDB6 and SWCDB21. It was noted 

that addition of 0.5 % ammonium sulfate and starch 

with pH 7.0 for 96 hrs at 37º C temperature favours 

maximum CMCase, FPase production and biomass 

of all three isolates as compare to other 

physiochemical parameters. Further, SWCDB21 

bacterial isolate was found more potential to 

produce enzymes as compare to SWCDB5 and 

SWCDB6. Therefore, it was molecularly 

characterized and identified as Staphylococcus 

genus. Previously, research reports noted that 

Staphylococcus group have inbuilt ability to produce 

higher cellulase activity. Indeed, a detail in vitro and 

vivo study required to prospect the use of this strain 

in the field or industry.  
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Cellulose degrading bacterial strains possesses the 

enzymatic tool box that can be explored to degrade 

agricultural waste. Thus, an attempt was made to 

isolate and screen cellulose degrading bacteria and 

optimized physiochemical condition for maximum 

CMCase, FPase and biomass production. The 

present study introduced the cellulose degrading 

strains with optimized physiochemical parameters 

for higher CMCase and FPase production along with 

cell biomass. Moreover, comprehensive studies will 

be required to explore these bacterial strains for bio-

conversion of agricultural residues into agricultural 

into valuable product for today’s sustainable 

agriculture. 
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