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ABSTRACT 

Cellulose is the abundant biopolymer available on earth. It is naturally present in plant as lingo cellulosic biomass. Cellulose 

is also synthesized by algae, tunicates, and some bacteria. Cellulase refers to a class of enzymes which involved in hydrolysis of cellulose 

molecules into glucose monomer by synergistic action of endoglucanase, exoglucanse and β glucosidases. Bacteria, which has high 

growth rate as compared to fungi has good potential to be used in cellulase production. They are less inhibited by feedback inhibition. 

Bacteria can also be genetically engineered for better production. In this work we have done comparative study of bacterial isolates 

from the environment for the better production using congo red assay and Carobxymethyl celluase assay. The bacterial isolate B found 

to be the best producer with 0.0493 U celluase activity. The optimum pH was found to be 6 and the optimum temperature of production 

is 50oC. The growth curve shows the production is growth oriented and reaches the maximum production between 38 – 44 hours in 

submerged fermentation at lab scale conditions. Agave sisalana fibre was used as the substrate for both submerged fermentation and 

solid state fermentation. Process optimization was done on different Nitrogen sources. Ammonium chloride and peptone was found as 

optimum nitrogen sources for cellulase production in solid state fermentation and submerged fermentation respectively. The isolate B 

showed good results in cellulase production at pH-6.0. Activity of cellulase enzyme produced by solid state fermentation and submerged 

fermentation was found to be 0.073 U with ammonium chloride and 0.093 U with peptone as nitrogen sources respectively. 
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INTRODUCTION 

 Cellulose constitutes the most abundant, renewable polymer resource available today worldwide.  Plants are the main sources 

of cellulose including hemp, flax, jute, ramie and cotton (Cen and Xia, 1999). Bacterial cellulose (BC) is produced by the gram negative 

bacteria (e.g. Acetobacter xylinum) Tunicate cellulose is produced by sea creatures (e.g. Micro cosmus fulcatus) in the form of rod-like 

near perfect crystals of the material. Cellulose molecules are intimately associated with hemicellulose and lignin in plant cell walls. 

Cellulase can be produced by fungi, bacteria or actionmycetes, but the most common producer is fungi. High cost of cellulase is mainly 

due to the substrates used in production, and also the slow growth rate of fungi. Bacteria, which has high growth rate as compared to 

fungi has good potential to be used in cellulase production. However, the application of bacteria in producing cellulase is not widely 

used. Bacterial cellulase usually lacks one of the three cellulase activities that is FPase. However, cellulases produced by bacteria are 

often more effective catalysts. They may also be less inhibited by the presence of material that has already been hydrolysed (feedback 

inhibition). The greatest potential importance is the ease with which bacteria can be genetically engineered. (lynd et al., 2002).  The 

most commonly studied bacterial hydrolysers of cellulase include Pseudomonas and Cellulomonas. Fungal species like Trichoderma , 

Humicola, Pencillium, Aspergillus, etc are also extensively studied. The microbes exploited for commercial preparations of cellulase 

are T.reesi, H. insolens, A. niger and Bacillus sp. Industrial applications of cellulase enzymes include stonewashing denims, household 

laundry detergents, animal feeds, textile bio polishing, de-inking and de-watering paper, fruit juice and beverage processing, baking, 

and alcohol production  

In the past few decades focus has been on submerged fermentation (SmF) and very little attention has been given to solid-state 

fermentation (SSF). The direct applicability of the product, the high product concentration, and the reduced costs of dewatering make 

SSF a promising technology for cellulase production (Vandevoorde and Verstraete, 1987). Production of cellulase in SSF using various 

substrates, microorganisms, and nutrient solutions has been reported (Shamala and Srikantaiah, 1986; Macris et al.,1989; Muniswaran 

and Charyulu, 1994; Ajay kumar et al., 2012). Peanut shell, banana peel, okara (the insoluble residue of the production of soymilk from 

soybean seeds), Bagasse, corncob, sawdust, water hyacinth, sorghum straw, rice straw and other agricultural residues used for the solid 

state production of cellulase (Morales et al., 2011; Ajay kumar et al., 2012; Shu-bin et al.,2012; Rodhe et al., 2011). Based on above 

facts of effective bacterial cellulase producers and the efficiency of cellulase production in solid state production, we have done the 

experiments on Solid state production of bacterial cellulase using Agave sisalana as substrate using one of the best producers of 

cellulolytic bacterial isolate. 

MATERIALS AND METHODS 

Microorganism: The Bacillus isolates maintained in CMC peptone agar slants having cellulolytic activity is used for experiments. 

Bacterial isolates with cellulolytic activity were grown on plate containing CMC as the sole carbon source. The plates were maintained 

at 37oC for 24 hr. Confirmation of cellulose-degrading ability of bacterial isolates was performed by making a patch on media containing 

cellulose. Plates were then stained with 0.1% Congo red for 15 minutes. Plates were then destained with 1 M NaCl. The single colony 

having significant clear zone was sub-cultured and re-streaked on CMC- containing medium again to ensure purity. The cellulolytic 

activity is analysed through qualitative Congo red assay and CMCase assay (A.S.Ponnambalam et al., 2011). The best isolate was 

selected for further activity.  

Qualitative Assay (Congo red clearing zone assay): Well diffusion assay and patch assay was performed on media containing CMC 

and agar where the zone of clearance was observed visually by staining with 0.1% Congo red for 15 min and destained with 1 M NaCl. 

Cellulase activity is represented as their hydrolytic capacity. (Diameter of zone of clearance / Diameter of well or patch). 

CMCase assay (Endoglucanse) 
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Cellulase activity was measured according to (Ghose et al., 1987) with necessary modifications. The bacterial isolate with 

cellulolytic activity was inoculated in a CMC peptone broth and incubated overnight. The culture broth is then centrifuged at 10000 

rpm for 20 minutes and then the supernatant was collected. The reducing sugar amounts were measured at 540 nm. One unit of enzyme 

activity U was defined as the amount of glucose (μg) released per ml of enzyme solution per minute. 

Growth Curve and Enzyme Production. The growth characteristics for the best isolate were studied by inoculating the culture in the 

CMC broth .Two hours once the absorbance was measured at 600 nm. The readings were taken for continuously for three days and the 

growth curve were plotted. Endoglucansae activity was also measured to find the best time period of production. 

Effect of pH: 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 4 to 11 using different buffers. Cellulase activity was determined by carrying out CMCase for 24hr. 

Solid state fermentation and effect of nitrogen sources 

In solid state fermentation, Bacillus sp. was cultured in a medium of 10g of powdered Agave sisalana fibre and 0.5% of 

different nitrogen sources (Peptone, Urea, Ammonium chloride, Ammonium nitrate, Ammonium sulphate) with 70% moisture content 

maintained of 0.1 M citrate buffer, pH-6.0 . The culture medium was kept in incubator at 37oC for 4 days. After the incubation, the 

50ml of 0.1 M citrate buffer (pH-6.0) was used for extract. After 3 hours of continuous shaking in the rotary shaker at 200 rpm, the 

extract was filtered and centrifuged at 10000rpm for 20 min. Supernatant used as crude enzyme for determining enzyme activity. 

Submerged fermentation and effect of nitrogen sources. In submerged fermentation, Bacillus sp. were cultured in a medium of 5g of 

powdered Agave sisalana fibre and 0.5% of different nitrogen sources (Peptone, Urea, Ammonium chloride, Ammonium nitrate, 

Ammonium sulphate) in 50ml of 0.1 M citrate buffer, pH-6.0. The culture medium was kept in shaker incubator at 37oC. At the interval 

of 24 hours up to 3 days, 5 ml of culture was withdrawn and centrifuged at 10000 rpm for 20 min at 37 ˚C. The enzyme activity was 

then quantified using the supernatant collected. 

RESULTS AND DISCUSSION  

Comparative study of bacterial isolates: The fact that the isolates have the ability to produce cellulase was supported by congo red 

staining on the culture plates which showed halo zones due to carboxy methyl cellulose degradation. The diameters of the halo zones 

produced by different colonies were used as a basis for comparison between various isolates. Those colonies that produced largest 

diameter of halo zones considered to have the highest cellulolytic activity which is also represented as hydrolytic capacity (Table.1). 

The isolate B showed higher cellulolytic activity compared to the other isolates with their hydrolytic capacity given by 2.4 in well 

diffusion assay. 

Table.1.Comparative analysis of isolates (Well diffusion assay) 

Isolates Zone of clearance (mm) Well (mm) Hydrolytic capacity 

A 9 5 1.8 

B 12 5 2.4 

C 9 5 1.8 

D 9 5 1.8 

E 8 5 1.6 

F 8 5 1.6 

The cellulase activity was confirmed by performing the quantitative assay (endoglucanase). The isolate B showed higher 

endoglucanse activity compared to the other isolates with the activity of 0.0493 U. (FIG.1) 

 

  
Fig.1 Comparitive Analysis of Bacterial Isolates FIG . 2 Growth curve of Isolate B 

From the growth curve analysis the growth of the isolate was compared with the enzyme production. From the result it is 

clearly visible that the production is growth oriented and the maximum amount of production obtained at 38 – 44 hours of growth. 

 
 

Figure .3 Optimum pH for enzyme activity FIG. 4 Comparison of cellulase production in SSF and SMF 
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Cellulase yield can be depend on pH value. Different pH (4-11) for cellulase production are represented (FIG.3). The cellulase activity 

was highest at pH 6 & lowest at 10. 

Effect of Nitrogen sources on SSF and SMF 

The maximum enzyme activity was obtained with ammonium chloride which gives the enzyme activity of 0.073 U in SSF 

(Table.2). The maximum enzyme activity of 0.07 U, 0.084 U, 0.093 was obtained with peptone as nitrogen source for consecutive three 

days in SMF. (Table.3) 

Table.2.Effect of nitrogen source-cellulase activity in SSF 

Nitrogen source Cellulase activity U 

Ammonium Chloride 0.073 

Ammonium Nitrate 0.06 

Ammonium Sulphate 0.037 

Urea 0.049 

Peptone 0.053 

Table.3.Effect of nitrogen source-cellulase activity SMF 

Nitrogen source Cellulase activity U (Day 1) Cellulase activity U (Day 2) Cellulase activity U (Day 3) 

Ammonium Chloride 0.048 0.061 0.070 

Ammonium Nitrate 0.021 0.037 0.04 

Ammonium Sulphate 0.056 0.068 0.076 

Urea 0.037 0.050 0.065 

Peptone 0.070 0.084 0.093 

DISCUSSION 

Out of six isolates isolate B which is found to be Bacillus sp. had the high cellulolytic activity 0.0493 U in CMCase assay 2.4 

hydrolytic activity. For these selected isolate, growth curve was determined the cellulolytic activity found to be maximum around 38- 

44 hours. Process optimisation was done on different parameters such as pH and Nitrogen sources. Agave sisalana fibre was used as 

the substrate for both SSF and SMF.The pH was maintained at optimum of 6 and moisture content was 70%. Ammonium chloride and 

peptone was found as optimum nitrogen sources for cellulase production in solid state fermentation and submerged fermentation 

respectively .Enzyme activity for solid state fermentation of 0.073U and enzyme activity in submerged fermentation for 3 days were 

0.070U,0.084U,0.093U respectively.Similarly optimized conditions for cellulase production by Bacillus sp. using Coir waste as 

substrate with  Yeast extract of pH-6 at 40ºC for 48 hour and saw dust as substrate has optimized pH-7 with Yeast extract at 50ºC for 

48 hours (shanmugapriya et al.,2012) was reported . The SSF equally produces cellulolytic activity compared to SMF though the 

substrate is raw one. Agave sislana is a natural plant fibre source and a low cost raw material. Further studies on pretreatment of substrate 

can improve the cellulase production. Analysis of fiber modification by the microbial action will lead to novel applications in textile 

industry.  
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