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Fungal and bacterial strains are useful for bioconversion of agrowastes into economically 
important products. The present study deals with ‘cellulase production using Bacillus subtilis 
(MTCC 441) and Cellulomonas cellulans (MTCC 23) individually and in mixed-culture 
form. Fermentation was carried out at controlled temperature, moisture level, pH and 
aeration conditions. 
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Cellulose is the most abundant biological matter on earth. Agricultural residues are good 
source for cellulose, hemicelluloses and lignocelluloses, representing 50% of the dry weight 
of agricultural residues. It is possible to transform insoluble polymer into soluble sugars by 
using chemical or enzymatic activities. Cellulose is composed of insoluble linear chains of 
b- (1-4) linked glucose units with an average degree of polymerization of about 15 to 10 000 
units (Eveleigh, 1987). Glucose is an excellent substrate for industrial fermentation process. 
It also provides plentiful and cheap source of renewable energy in the world. Cellulases are 
responsible for hydrolysis of cellulose to glucose. Process demands action of exoglucanases 
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(cellobiohydrolyses), endoglucanases and p- glucosidases. Exoglucanases (EC 3.2.1.91) are 
usually active on crystalline cellulose and are lacking from incomplete cellulase systems. 
Endoglucanases (EC 3.2.1.4) actively hydrolyze carboxymethylcellulose (CMC), p-
glucosidases (EC 3.2.1.21) are needed to cleave cellobiose and other soluble 
oligosaccharides to glucose (Beguin, 1990). Several studies were carried out to produce 
cellulolytic enzymes in biowaste degradation process by several microorganisms including 
fungi such as Trichoderma sp., Penicillium sp., Aspergillus sp., (Hoffman & Wood ,1985) 
and cellulolytic bacteria including aerobic species such as Pseudomonas and Actinomycetes, 
facultative anaerobes species of Bacillus and Cellulomonas, Cellulovibrio, strict anaerobes 
like Clostridium are known (Nakamura & Kappamura, 1982). However, the specific 
cellulolytic activity shown by the bacterial species is found to depend on the source (Sexana 
et al., 1993). 
Solid-state fermentation is economically useful process to grow cells and high production 
under control parameters. Now a days, it has been argued that with appropriate technology 
improved bioreactor design and operation controls SSF may become a competitive method 
for cellulase production (Pandey et al., 1999). 
Recently, maximum enzyme activity in SSF of Cellulomonas, Bacillus and Micrococcus 
species at 40°C and neutral pH has been recorded. Cellulase yields appear to depend on a 
complex relationship involving a variety of factors like inoculum size, pH, temperature, 
substrate used, aeration and growth time (Immanuel et al., 2006). 
Due to higher concentration and direct applicability of the product and reduced costs of 
dewatering make SSF a promising technology for cellulase production. Production of 
cellulase in SSF using various substrates, microorganisms and nutrient solution has been 
reported (Vandevoorde & Verstraeste, 1987). 
The present study deals with the environmental and nutritional parameters for the 
enhancement of cellulase production by using bacterial strains, Bacillus subtilis (MTCC 
441) and Cellulomonas cellulans (MTCC 23). 

Selected microorganisms for solid-state fermentation 
Bacillus subtilis (MTCC 441) and Cellulomonas cellulans 
(MTCC 23) were obtained commercially. The former was 
maintained on nutrient agar slant and the latter on 
carboxymethyl cellulose (CMC) agar slant. 
As an inoculum, three different combinations of culture 
flasks were used and marked as follows. 
M1= 100ml of carboxymethyl cellulose (CMC) broth + 
Bacillus subtilis (MTCC 441) 
M2= 100ml of carboxymethyl cellulose (CMC) broth + 
Cellulomonas cellulans (MTCC 23) 
M3= 100ml of carboxymethyl cellulose (CMC) broth + 
mixture of both cultures in equal proportion.  
Under aseptic conditions flask were inoculated and incubated 
for 24h on a rotary shaker at 30°C to obtain optimum 
inoculum size for fermentation. 
Mixture of wheat bran, wheat straw, corn straw and rice 
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straw were collected locally and used as cellulosic substrates and taken in equal proportions. 
Before use, substrates were milled into granules and sieved. 
For pretreatment, substrate was spread on trays (30 x 30 cm) and dried in oven at 55°C for 
1 h. To increase digestibility of cellulosic material alkali treatment was given. Substrate was 
treated with 5% of 1N NaOH for 15min at 100°C. After treatment the cellulosic substrate 
was washed repeatedly with distilled water to neutral pH and dried overnight (Lonsane et 
al.,1985). 
Trays containing 250 g of pretreated substrate, mineral salt medium (g/l): Na2HP04. 2HzO, 
1.0 g; KCI, 0.3 g; MgS04. 7HzO, 0.01 g; NaH2P04. 2H20, 0.62; pH 7.2) and initial moisture 
content around 60% were autoclaved at 121°C for 25-30 min, cooled at room temperature 
and mixed uniformly with inoculum (4%). Fermentation was carried out at 40°C for 96 h. 
During SSF, various process parameters influence the enzyme production. To optimize all 
such parameters certain methodology was adopted. For most suitable temperature of the 
fermentation, medium for high cellulases production by selected strains, fermentation was 
carried out at different temperatures with intervals of 5°C from 25°C to 45°C (at pH 7.2, 
moisture 60%, inoculum size 4%, duration 96h). 
Fermentation period is an important parameter for enzyme production by microorganisms. 
In this experiment SSF was carried out from 24 to 120h, to know production rates of 
cellulase. Samples were measured at each 12h interval, (at pH 7.2, moisture 60%, inoculum 
size 4%, temperature 40°C). The inoculum volume was optimized for maximal cellulase 
production. The fermentation medium was seeded with 2, 3, 4 and 5 percent of seed culture. 
Samples (enzymes) from fermented medium were extracted with sodium citrate buffer (pH 
7.0), applied a substrate: buffer ratio of 1:10. The enzyme extract was centrifuged at 2000 
rpm for 20 min. the clear supernatant obtained was used for the enzyme assay. Supernatant 
was used for the quantitative assay of cellulase production. 
Cellulase activity was measured according to the method described by Wood & Bhat (1988). 
The production of reducing sugar from CMC substrate through cellulolytic action was 
measured at 540nm by the dintrosalicylic acid method. In the method, 0.5 ml enzyme 
solution was added to 0.5 ml of 1% CMC substrate prepared in 100ml of sodium citrate 
buffer. After incubation at 40°C for 30 min, the reaction was stopped by addition of 1 ml of 
DNS reagent, followed by incubation in a boiling water bath. The degree of enzymatic 
hydrolysis of the cellulose was determined colorimetrically. The unit (U) of enzyme activity 
was defined as the amount of enzyme which released 1 micromole of reducing sugars 
(glucose) per minute. 

All the three flasks with different combinations of cultures M1, M2 and M3 showed their 
ability to produce cellulase enzyme against substrate (agricultural residue) used for 
fermentation process. Various processes that were checked for the optimization of cellulase 
production, results indicate changes in one of the parameters can dramatically affect the 
cellulase production. Temperature strongly influenced the medium for enzyme production. 
In the present study, all three combinations of cultures showed maximal enzyme production 
at 40°C,while minimum enzyme yield at 45°C. Fig. 1-A shows optimum cellulase of Ml {B. 
subtilis) 18.2 U/g, M2 (C. cellulans) 9.8 U/ g and M3 (mixture) 16.4U/g dry substrate used. 
Cellulase production gradually increased upto 72h of fermentation in all combinations and 
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decreased Fig. 1-B shows highest cellulase production in M1 (B. subtilis) 17.2 U/g, M2 (C. 
cellulans) 13.4 U/g and M3 (mixture) 14.6 U/g dry substrate used. Enzyme production 
gradually increased with increase of inoculum size upto 4%. As shown in Fig. 1-C optimum 
enzyme activity was found in M1 (B. subtilis) 16.3 U/g, M2 (C. cellulans) 10.9U/g and M3 
(mixture) 14.7 U/ g dry substrate used. Concentration of produced enzyme is considered 
from its activity obtained in units. 
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