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ABSTRACT 
 
The aim of this work was to study the effect of some nutritional and environmental factors on the production of 
cellulases, in particular endoglucanase (CMCase) and exoglucanases (FPase) from Bacillus licheniformis MVS1 
and Bacillus sp. MVS3 isolated from an Indian hot spring. The characterization study indicated that the optimum 
pH and temperature value was 6.5 to 7.0 and 50-550C, respectively. Maximum cellulases production by both the 
isolates was detected after 60 h incubation period using wheat and rice straw. The combination of inorganic and 
organic nitrogen source was suitable for cellulases production. Overall, FPase production was much higher than 
CMCase production by both of the strains. Between the two thermophiles, the cellulolytic activity was more in B. 
licheniformis MVS1 than Bacillus sp. MVS3 in varying environmental and nutritional conditions. 
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INTRODUCTION 
 
Cellulose, the most abundant organic source of 
feed, fuel and chemicals (Spano et al. 1975) 
consists of glucose units linked by β-1,4-
glycosidic bonds in a linear mode (Heck et al. 
2002). Each year photosynthetic fixation of CO2 
yields about 1011 tons of dry plant material 
worldwide, and almost half of this material 
consists of cellulose (Eriksson et al. 1990). 
Although large quantities of presently available 
cellulosic materials have great potential as a 
source of renewable energy, it is often considered 
as a source of voluminous waste (Abdel and Ismail 
1995). Cellulases are the complex enzyme systems 
that hydrolyze the β-1,4 glycosidic bonds in the 
cellulose to release glucose units (Nishida et al. 
2007). The cellulosic enzymes required for the 
hydrolysis of cellulose include endoglucanases 

(CMCase), exoglucanases (FPase) and β-
glucosidases (cellobiase) (Matsui et al. 2000).  In 
the current industrial processes, cellulolytic 
enzymes have many useful applications in textile, 
paper, detergent industries and increasing the 
utilization efficiency of plant materials in animal 
feed manufacture (Dienes et al. 2004; Duan et al. 
2004). Currently, the production of these enzymes 
is mostly from Trichoderma and Aspergillus (Bhat 
2000). However, a major disadvantage for 
industrial applications is that most cellulases from 
the fungal origin lack thermal stability at high 
temperature. Since most industrial processes are 
carried out at high temperatures, there is a clear 
need for thermophilic enzymes. Thermophilic 
cellulolytic enzymes have been generally isolated 
from the thermophiles and hyperthermophiles 
(Huang 2004). Cellulases produced by bacteria are 
often more effective catalysts. They may also be 
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less inhibited by the presence of material that has 
already been hydrolyzed (feedback inhibition). In 
general, bacterial cellulases are constitutively 
produced, whereas fungal cellulases are inducible 
in nature (Suto and Tomita 2001). Thermophilic 
bacterial cellulases have been reported from 
Bacillus sp. (Mawadza et al. 2000); B. 
stearothermophilus and B. licheniformis (Hala and 
Priest 1994). One of the natural habitats of the 
thermophilic bacteria is the hot or thermal spring. 
Vajreshwari is one of the hot springs in India 
which has not been yet explored in details from the 
microbiological point of view. Since, the aim of 
this work was to identify effective thermophilic 
cellulase producers from the hot spring to study 
the cultivation conditions for optimum yield of 
cellulases. 
 
 
MATERIALS AND METHODS 
 
Enrichment, Isolation and Screening of 
Cellulases Producing Thermophilic Bacteria 
Water samples were obtained from the 
Vajreshwari hot spring (19° 29′ 12″ N and 
73° 1′ 33″ E), Maharashtra, India. Water samples 
were collected aerobically in 500 ml sterile plastic 
bottles which were filled, sealed and stored at -
200C temperature. For enrichment of the water 
samples for the isolation of cellulases producing 
thermophilic bacteria, the basic mineral liquid 
media (g/l): KH2PO4: 1.36; (NH4)2SO4: 1.0; 
MgSO4.7H2O: 0.2; FeSO4: 0.001; NaCl: 2.0; yeast 
extract, 1.0  (Patel et al. 2006) supplemented with 
0.3% carboxymethyl cellulose (CMC), was added 
to the water sample (1:1), mixed and incubated at 
500C for 72 h. The samples were then diluted in 
sterile distilled water, plated on agar medium 
consisting of basal medium as above and the plates 
were incubated at 500C. After growth was obtained 
in the agar plates, morphologically distinct 
colonies were sub- cultured on respective agar 
plates to get the pure colonies. The screening for 
high cellulases producers was done by the blood 
red cellulose stain method (Ranoa et al. 2005). Out 
of the seven isolates, two isolates having colonies 
with high diffusible zones were screened as 
potential cellulases producers for further study. 
These two isolates were preserved on the same 
agar medium at 40C with periodic sub-culturing.  
 
 

Bacterial Identification through Biochemical 
Tests and 16S rDNA Gene Sequences 
Identification of the isolates were confirmed 
through Gram staining methods, by a series of 
biochemical tests as prescribed by Bergey manual 
(Bergey 1957) and through 16S rDNA gene 
sequences. For 16S rDNA gene sequence analysis, 
bacterial genomic DNA was extracted and purified 
(Minamisawa et al. 1992). 16S rDNA was 
sequenced and the 16S rDNA gene sequence of 
the isolates were aligned with reference 16S rDNA 
sequences of the GenBank using the BLAST 
algorithm available in NCBI for the identification 
of the isolates and found to be Bacillus 
licheniformis and Bacillus sp. The partial 16S 
rDNA sequence of the isolates has been submitted 
to GenBank. The accession number for B. 
licheniformis MVS1 is GU590781. 
 
Cellulase Activity Measurements 
The organisms were inoculated in Patel’s medium 
supplemented with 0.3% CMC for 12 h at 500C for 
preparation of pre-inoculum. It was further used to 
inoculate the 100 ml of Patel’s medium for 
cellulase production. Cellulase activities were 
measured for the cells grown in 100 ml cellulolytic 
medium, supplemented with either 0.3% CMC or 
1% pretreated wheat and rice straw as substrate in 
500 ml Erlenmeyer flasks on a incubator shaker at 
150 rpm. The flasks were incubated for about 40 h 
using CMC as substrate and about 80 h when 
wheat and rice straw were used as substrates. The 
aliquots drawn from triplicate flasks were 
centrifuged at 10,000 rpm for 10 minutes and cell-
free supernatants were used for different 
cellulolytic enzyme assays. Rice and wheat straw 
obtained from the Indian Agricultural Research 
Institute’s (IARI) experimental field were dried at 
500C, grounded to fine powder and passed through 
30-mesh sieve. They were pretreated with 4% 
NaOH for overnight at room temperature and then 
washed and dried before use as substrates at 1% 
level for cellulase production.  
 
Optimization of Parameters for Improving 
Cellulase Production 
The most suitable pH of the fermentation medium 
was determined by adjusting the pH of the culture 
medium at different levels in the range of pH 5.5-
7.5. In order to determine the effective temperature 
for cellulase production by the selected strain, 
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fermentation was carried out at 50C intervals in the 
range of 45 to 650C. The fermentation was carried 
out up to 80 h, and the production rate measured at 
20 h intervals. To detect the appropriate nitrogen 
source for cellulase production by the isolates, the 
fermentation medium was supplemented with two 
inorganic (ammonium sulphate and sodium 
nitrate) and two organic (yeast extract and beef 
extract) nitrogen compounds at 0.2% level, 
thereby substituting the prescribed nitrogen source 
of the fermentation medium. 
 
Enzyme Assays 
All enzyme assays were carried out in 50 mM 
sodium citrate buffer (pH 4.8) unless otherwise 
stated. CMCase activity was determined in 
accordance with the Ghose’s procedure (Ghose 
1987), with 1% solution of CMC as substrate. The 
release of reducing sugars in 30 min at 500C was 
measured by the DNSA method (Miller 1959). 
FPase activity was assayed (Mandels et al. 1976) 
in a manner similar to that used to determine  
 

CMCase activity, by taking 50 mg of Whatman 
No. 1 filter paper in 50 mM sodium citrate buffer 
(pH 4.8) as the substrate and the concentration of 
glucose released by enzyme was estimated by 
DNSA method. A unit of activity was defined as 
the amount of enzyme required to liberate 1µmol 
of glucose per minute under the assay conditions. 
 
Statistical Analysis 
The data were statistically analyzed by Duncan’s 
multiple range test at the 0.05 probability level (p 
<0.05) using SPSS statistical software (SPSS for 
Windows, Release 12). 
 
 
RESULTS AND DISCUSSION 
 
In the present experiment, the two cellulolytic hot 
spring isolates were identified as B. licheniformis 
MVS1 (GU590781) and Bacillus sp. MVS3. 
Biochemical test results of the isolated bacteria are 
shown in Table 1.  

 
Table 1 - Biochemical characteristic of isolated bacteria, + Positive result; - Negative result. 

Biochemical Tests Bacillus licheniformis MVS1 Bacillus sp. MVS3 
Gram’s staining + + 
Indole test - - 
Methyl red test + + 
Voges Proskauer test + + 
Citrate utilization test + + 
Starch hydrolysis test + + 
Urea hydrolysis test - - 
Gelatin hydrolysis test + + 
Nitrate reduction test - + 
H2S production test + - 
Catalase test + + 
Oxidase test + + 
Glucose fermentation test + + 
Adonitol fermentation test + - 
Lactose fermentation test + + 

 
 
 
Effect of Different Nitrogen Sources on 
Cellulase Production        
The results of the effect of various nitrogen 
sources on cellulase production by   B. 
licheniformis MVS1 and Bacillus sp. MVS3 is 
illustrated in Table 2. Among all the nitrogen 
sources tested, in case of B. licheniformis MVS1, 
beef extract gave maximum FPase activity (0.542 
IU/ml) when wheat straw was used as sole carbon 
source but in case of rice straw, control, i.e., 

cellulolytic medium was found to be better (0.471 
IU/ml) (Table 2).  
But for Bacillus sp. MVS3, the nitrogen source in 
the control was better over other treatments for 
both CMCase and FPase production for both 
wheat and rice straw. The present results showed 
lower cellulase activity with inorganic nitrogen 
sources which suggested that reduced utilization of 
inorganic nitrogen by aerobic bacteria. These data 
were in accordance with the results of Ray et al. 
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(2007) who reported that organic nitrogen sources 
were more suitable for optimizing the cellulase 
production by B. subtilis and B. circulans than 
inorganic sources. On the contrary, Spiridonov and 

Wilson (1998) found that NH4 compounds were 
the most favourable nitrogen sources for cellulase 
synthesis.  

 
Table 2 - Effect of various nitrogen sources on cellulases production by Bacillus licheniformis MVS1 and Bacillus 
sp. MVS3. 
 
 
 
Bacillus 
licheniformis 
MVS1 

Nitrogen 
sources 

CMCase (IU/ml) FPase (IU/ml) 

CMC Wheat straw Rice straw CMC Wheat straw Rice straw 
Control 0.079±0.011c 0.120±0.012c 0.106±0.008c 0.255±0.018a 0.505±0.032c 0.471±0.029d 
(NH4)2SO4 ND 0.078±0.008b 0.039±0.003b ND 0.308±0.021a 0.177±0.013a 
NaNO3 ND 0.018±0.002a 0.021±0.002a ND 0.273±0.017a 0.257±0.023b 
Beef extract 0.023±0.002a 0.119±0.009c 0.018±0.002a 0.300±0.021b 0.542±0.030cd 0.320±0.020c 
Yeast extract 0.041±0.003b 0.075±0.006b 0.035±0.004b 0.274±0.019ab 0.325±0.018ab 0.315±0.015c 

 
 
 
Bacillus sp. 
MVS3 

Nitrogen 
sources 

CMCase (IU/ml) FPase (IU/ml) 

CMC Wheat straw Rice straw CMC Wheat straw Rice straw 
Control 0.128±0.011b 0.099±0.008d 0.082±0.009c 0.271±0.019a 0.433±0.027c 0.444±0.026c 
(NH4)2SO4 ND 0.083±0.007c 0.055±0.005b ND 0.222±0.024a 0.178±0.016a 
NaNO3 ND 0.027±0.003a 0.050±0.006b ND 0.244±0.020ab 0.211±0.014a 
Beef extract 0.045±0.004a 0.060±0.005b 0.029±0.003a 0.289±0.018a 0.415±0.025c 0.319±0.022b 
Yeast extract 0.035±0.004a 0.050±0.004b 0.043±0.004ab 0.289±0.016a 0.288±0.013b 0.339±0.015b 

Mean values bearing the same superscript within a column didn’t differ significantly (P>0.05). ND = Not detected; A unit of 
activity was defined as the amount of enzyme required to liberate 1µmol of glucose per minute under the assay conditions and 
expressed as IU/ml. 

 
 
Effect of pH on Cellulase Production 
From the Table 3, it could be seen that the 
CMCase and FPase production were best at 
slightly acidic range of pH (pH 6.5) for B. 
licheniformis MVS1 but for Bacillus sp.  
MVS3 FPase production was optimum at pH 7.0.  
There was decreased production of enzymes at 
alkaline range of pH. Most microorganisms grow 
optimally within a wide pH range. Immanuel et al. 

(2006) reported that the cellulolytic enzyme, 
endoglucanase from Cellulomonas, Bacillus, and 
Micrococcus sp., isolated from the estuarine coir 
netting effluents hydrolyzes substrate in the pH 
range of 4.0 to 9.0, with maximum activity at pH 
7.0. Contrary to that, Song et al. (1985) observed 
optimal cellulase production at pH 9.0 by 
Clostridium acetobutylium.   

 
Table 3 - Effect of pH on cellulases production by Bacillus licheniformis MVS1 and Bacillus sp. MVS3. 

Mean values bearing the same superscript within a column didn’t differ significantly (P>0.05). A unit of activity was defined as 
the amount of enzyme required to liberate 1µmol of glucose per minute under the assay conditions and expressed as IU/ml. 
 
 
 
 

 
 

 
 
 
Bacillus  
licheniformis 
MVS1 

 
pH 

CMCase (IU/ml) FPase (IU/ml) 
CMC Wheat straw Rice straw CMC Wheat straw Rice straw 

5.5 0.027±0.006a 0.016±0.004a 0.097±0.007b 0.245±0.025b 0.412±0.029a 0.411±0.024b 
6.0 0.063±0.008bc 0.038±0.005b 0.098±0.007b 0.239±0.021b 0.435±0.030a 0.428±0.030b 
6.5 0.079±0.009c 0.120±0.012d 0.106±0.008c 0.255±0.018b 0.505±0.032b 0.471±0.029c 
7.0 0.051±0.006b 0.102±0.010d 0.068±0.006a 0.237±0.015b 0.492±0.028b 0.453±0.025bc 
7.5 0.029±0.005a 0.064±0.007c 0.054±0.005a 0.146±0.016a 0.435±0.024a 0.228±0.020a 

 
 
 
Bacillus sp. 
MVS3 

 
pH 

CMCase (IU/ml) FPase (IU/ml) 
CMC Wheat straw Rice straw CMC Wheat straw Rice straw 

5.5 0.046±0.005a 0.082±0.007b 0.078±0.06b 0.245±0.015ab 0.364±0.016a 0.355±0.024b 
6.0 0.089±0.010b 0.084±0.009b 0.081±0.007b 0.275±0.025b 0.393±0.020ab 0.376±0.015b 
6.5 0.128±0.011d 0.099±0.008c 0.082±0.009b 0.271±0.019b 0.433±0.027b 0.444±0.026c 
7.0 0.105±0.011c 0.088±0.010bc 0.054±0.004a 0.258±0.017b 0.458±0.030c 0.472±0.028c 
7.5 0.061±0.007ab 0.047±0.005a 0.053±0.006a 0.212±0.016a 0.355±0.025a 0.284±0.013a 
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Effect of Temperature on Cellulase Production       
Like pH, temperature is one of the most important 
parameters essential for the success of a 
fermentation reaction. For cellulase production by 
the two isolates, 500C was most effective (Table 
4). The production started declining after further 
increase in temperature and beyond 600C, it 
 

declined significantly (p<0.05) (Table 4). 
Souichiro et al. (2004) also reported the optimum 
temperature for the growth and cellulose 
degradation by Clostridium straminisolvens as 50-
550C. Immanuel et al. (2006) recorded maximum 
endoglucanase activity in Cellulomonas, Bacillus 
and Micrococcus sp. at 400C at neutral pH.  

Table 4 - Effect of temperature on cellulases production by Bacillus licheniformis MVS1 and Bacillus sp. MVS3. 
 
 
Bacillus 
licheniformis 
MVS1 

Temp 
(0C) 

CMCase (IU/ml) FPase (IU/ml) 
CMC Wheat straw Rice straw CMC Wheat straw Rice straw 

45 0.064±0.005c 0.098±0.007c 0.073±0.006b 0.242±0.012b 0.490±0.024c 0.453±0.023c 
50 0.072±0.005cd 0.120±0.012d 0.106±0.008c 0.255±0.018b 0.505±0.032cd 0.471±0.029c 
55 0.079±0.009d 0.091±0.010c 0.082±0.005bc 0.231±0.015b 0.476±0.029c 0.443±0.023c 
60 0.029±0.002ab 0.063±0.005b 0.072±0.006b 0.155±0.016a 0.327±0.019b 0.281±0.012b 
65 0.015±0.002a 0.038±0.003a 0.034±0.003a 0.114±0.012a 0.059±0.008a 0.081±0.008a 

 
 
Bacillus sp. 
MVS3 

Temp 
(0C) 

CMCase (IU/ml) FPase (IU/ml) 
CMC Wheat straw Rice straw CMC Wheat straw Rice straw 

45 0.111±0.009b 0.069±0.006bc 0.080±0.007b 0.255±0.018cd 0.326±0.020c 0.322±0.015c 
50 0.128±0.011c 0.099±0.008d 0.082±0.009b 0.271±0.019d 0.433±0.027d 0.444±0.026d 
55 0.117±0.011bc 0.083±0.006c 0.080±0.006b 0.231±0.019c 0.398±0.021d 0.410±0.019d 
60 0.016±0.002a 0.055±0.004b 0.070±0.005b 0.139±0.015b 0.259±0.015b 0.220±0.019b 
65 ND 0.021±0.002a 0.052±0.004a 0.095±0.010a 0.123±0.013a 0.063±0.007a 

Mean values bearing the same superscript within a column didn’t differ significantly (P>0.05). ND = Not detected; A unit of 
activity was defined as the amount of enzyme required to liberate 1µmol of glucose per minute under the assay conditions and 
expressed as IU/ml. 

 
 
 

Effect of Incubation Period on Cellulase 
Production      
The effect of incubation time on enzyme 
production was studied from 8-48 h (Table 5a) and 
20-80 h (Table 5b) using CMC and rice and wheat 
straw as substrate, respectively. The production   
increased with increase in fermentation period and 
for B. licheniformis MVS1, CMCase production 
reached maximum (0.079 IU, 0.106 IU and 0.120 
IU) at 8 h and 60 h after incubation when CMC, 
rice and wheat straw were used as substrates,  
 

respectively.  
For Bacillus sp. MVS3, the trend was similar with 
B. licheniformis MVS1 (0.128 IU, 0.082 IU and 
0.099 IU, respectively). Further increase in the 
incubation period resulted in the decreased 
production of CMCase. But FPase production 
reached maximum after 16 and 24 h of incubation 
period for B. licheniformis MVS1 and Bacillus sp. 
MVS3, respectively when grown on CMC and 60 
h when grown on agricultural wastes as substrates. 
 

Table 5a - Effect of incubation time on cellulases production by Bacillus licheniformis MVS1 and Bacillus sp. 
MVS3. 
Substrate 
(CMC) 
Organisms 

Incubation time (hrs) 

 8 16 24 32 40 48 

Bacillus 
licheniformis 
MVS1 

CMCase 
(IU/ml) 

0.079±0.009d 0.062±0.005c 0.042±0.003ab 0.031±0.003a 0.025±0.003a 0.020±0.002a 

FPase 
(IU/ml) 

0.152±0.015a 0.255±0.018c 0.230±0.015c 0.172±0.018b 0.132±0.014a 0.114±0.012a 

Bacillus sp. 
MVS3 

CMCase 
(IU/ml) 

0.128±0.011d 0.079±0.005c 0.041±0.005b 0.021±0.003a 0.019±0.002a 0.015±0.002a 

FPase 
(IU/ml) 

0.216±0.016b 0.237±0.018bc 0.271±0.019c 0.186±0.012b 0.110±0.011a 0.095±0.006a 

Mean values bearing the same superscript within a row didn’t differ significantly (P>0.05). A unit of activity was defined as the 
amount of enzyme required to liberate 1µmol of glucose per minute under the assay conditions and expressed as IU/ml. 
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Table 5b - Effect of incubation time on cellulases production by Bacillus licheniformis MVS1 and Bacillus sp. 
MVS3 on wheat and rice straw as substrates. 

 
Incubation 

time 
(hrs) 

CMCase (IU/ml) FPase (IU/ml) 
Wheat straw Rice straw Wheat straw Rice straw 

B. licheniformis 
MVS1 

Bacillus sp. 
MVS3 

B. licheniformis 
MVS1 

Bacillus sp. 
MVS3 

B. licheniformis 
MVS1 

Bacillus sp. 
MVS3 

B. licheniformis 
MVS1 

Bacillus sp. 
MVS3 

20 0.038±0.003a 0.016±0.002a 0.030±0.003a ND 0.268±0.014a 0.186±0.014a 0.244±0.013a 0.144±0.012a 
40 0.063±0.004b 0.065±0.005b 0.045±0.005a 0.077±0.007a 0.364±0.020b 0.332±0.022b 0.315±0.018b 0.242±0.018b

60 0.120±0.012d 0.099±0.008c 0.106±0.008c 0.082±0.009a 0.505±0.032c 0.433±0.027c 0.471±0.029d 0.444±0.026c 
80 0.096±0.008c 0.069±0.005b 0.073±0.006b 0.080±0.007a 0.490±0.025c 0.347±0.021b 0.344±0.021bc 0.405±0.023c 

Mean values bearing the same superscript within a column didn’t differ significantly (P>0.05). ND = Not detected; A unit of activity was defined 
as the amount of enzyme required to liberate 1µmol of glucose per minute under the assay conditions and expressed as IU/ml. 

 
 
At the same incubation period (24 h), Ariffin et al. 
(2006) recorded much lesser FPase (0.011 IU/ml) 
and CMCase (0.079IU/ml) activities by B. pumilus 
EB3. Decrease in enzymatic activity with time 
might be due to the depletion of nutrients and 
production of other by-products in the 
fermentation medium (Haq et al. 2005). Pothiraj et 
al. (2006) recorded maximum FPase activity (0.46 
IU/ml) after 10 days of incubation period by 
Rhizopus stolonifer on cassava waste. The 
production of cellulases at comparatively earlier 
stages of fermentation for the isolated strains 
suggested the usefulness of these strains for 
enzyme production. Comparison of CMCase and 
FPase yield by the two isolates indicated most 
effectiveness of wheat straw as compared to rice 
straw and CMC treatment.  
 
 
CONCLUSIONS 
 
In conclusion, it could be said that hot springs 
appeared to be the potential natural source of 
thermophilic cellulolytic bacteria. The present 
study suggested that the nutritional and 
environmental factors significantly affected the 
cellulase production. The results also showed the 
possibility of wheat and rice straw as cheap source 
substrates for large-scale production of cellulase 
enzyme.   
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