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ABSTRACT

The purpose of this work was to produce cellulase by cellulomonas cellulans using solid waste materials
such as cassava bagasse, pine leaves, wheat bran and rice bran in solid state fermentation (SSF). According to the
maximum production of cellulase, cassava bagasse was selected as solid substrate among four solid substrates and
used for further studies. Various nitrogen compounds like yeast extract, beef extract, peptone, malt extract were
taken. Among them, yeast extract was selected as a best nitrogen source for cellulase production. Maximum
production of cellulase was obtained at an initial moisture content of 80% with an initial pH of 6.
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INTRODUCTION

Cellulase has atleast three groups of enzymes namely endoglucanase (EC 3.2.1.4),
exoglucanases called as cellobiohydrolases (EC 3.2.1.91) and b-glucosidases (EC 3.2.1.21).
Cellulases are industrially important enzymes that can catalyze on cellulose material to produce
fermentable sugars like mannose, glucose, xylose and arabinose [1-4]. Cellulases are obtained
from various micro organisms: bacteria such as Bacillus subtilus, Bacillus circulans [5], Bacillus
sphaericus-JS1 [6], Bacillus pumilus[7], Cellulomonas flavigena [8land fungi like Aspergillus
sp.[9, 10]. Mainly, bacteria are more efficient for producing cellulase enzyme than fungi
because of their high cell cultivation rate [11] Cellulases are widely used in processing industries
such as textile, food, pulp and paper [12-15]. Besides this, cellulases act as an additive in cattle
and pig feeds [16].

Cellulase enzyme production was investigated using various Solid substrates such as
cellulose bagasse [17], egg shell waste [18], water hyacinth [19] ligno cellulosic waste from
xylose industry [20], lignocellulosic waste from the vinegar industry [21], wheat bran [22], sugar
cane bagasse [23], domestic wastewater sludge [24], sweet potato [25], Oil palm lignocellulosic
biomass in the form of empty fruit bunches [26], Soyhull [27], Saw dust [28], rice bran [29], rice
straw [30], potato peel [31], banana waste [32]and ground nut shell waste [33].

Cassava bagasse, renewable solid waste material generated from processing industry
are disposed in surrounding lands near the processing unit. However, its higher organic content
and bio degrability, it creates more pollution [34]. It contains approximately 20% cellulose
fibres and does not contain cyanide content. Due to low composition of protein, it is not used
as a cattle feed. Utilization of this biodegradable waste for the production of more valuable
products such as organic acids, bio polymer, xylanase enzyme and antibiotics are recent trend
in biochemical engineering [23, 34-37]. Because of low ash content, cassava bagasse is a
potential and attractive substrate for microbial cultivation than other agricultural wastes such
as rice straw and wheat straw [34].

In recent years, solid state fermentation has been preferred for enzyme production than
submerged fermentation due to low water consumption, low energy requirement, low chances
of contamination for producing high quality of product and easy separation of product [38, 39,
40]. Cellulase production in Submerged fermentation and Solid state fermentation was
compared by Tendargy, 1998 [41]. Improved bioprocess technology under economical
feasibility needed for cellulase production which could be fulfilled by Solid State Fermentation
for the production of cellulase [42].

In this study, low cost substrates such as cassava bagasse, pine leaves, wheat bran and
rice bran were examined for the production of cellulase in solid state fermentation. Best
substrate was screened and used for cellulase production. Then, screening of nitrogen source
and effects of initial pH and moisture content were studied for improving cellulase production.
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MATERIALS AND METHODS
Strain Specification

Cellulomonas cellulans isolated from Brewery sewage was procured from Microbial Type
Culture Collection, Chandigarh, India, with the following specification Cellulomonas cellulans
MTCC 1769. The medium used for cultivating Cellulomonas cellulans consists of yeast extract-2
g/L, beef extract-1 g/L, peptone- 5 g/L, Nacl- 5 g/L.

Solid State Fermentation

Twenty grams of solid substrate like cassava bagasse, pine leaves, rice bran and wheat
bran was taken in 250 ml Erlenmeyer flasks. Production medium containing K,HPO,4:1 g/L,
KH,PO,: 1 g/L, KCl: 0.5 g/L, MgSO4: 0.5 g/L, FeS04.7H,0: 0.01g/L and Yeast extract: 2 g/L (43)
was introduced in to the solid medium due to the moisture composition. Solid medium
containing mineral salt medium was stirred well, sterilized in an autoclave at 121°C at 15min
and cooled. Then 5% (V/V) inoculmn containing optical density of 0.6 at 650 nm was added with
sterile medium under aseptic condition and incubated at room temperature.

Effects of Various Parameters on Enzyme Production

Agro wastes such as cassava bagasse, pine leaves, wheat bran and rice bran were
chosen as a low cost substrate for the production of enzyme. Solid substrate gained maximum
production was taken and used for further studies. Influence of nitrogen sources like yeast
extract, beef extract, peptone, malt extract on enzyme production was studied. Effects of initial
pH (2-10) and % moisture content (10-90) on enzyme production and activity were tested.

Enzyme Extraction from Solid State Fermentation

Samples obtained from the solid fermentation were centrifuged at 10000 rpm at 4°C for
10min.The supernatant collected was taken as crude enzyme solution. Then enzyme solution
was added with 1% Carboxy Methyl Cellulose (CMC) dissolved in citrate phosphate buffer [44].
This enzymatic reaction was performed at room temperature for 10 min and enzyme activity
was estimated by DNS method [45]. Cellulase activity is defined as micromoles of reducing
sugar released per unit time per mg of dry solid substrate under specified condition.

RESULT AND DISCUSSION
Screening of Solid Substrate
Figure 1 shows the screening of solid substrate for maximum cellulase production in
solid state fermentation with 50% moisture content. Maximum activity (2.35 U/mg) was

obtained using cassava bagasse as a solid substrate. Similarly, cassava beggase was selected as
a solid substrate for cellulase production by singhania et al., 2006. 130 U/g and 60 U/g enzyme
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production were obtained by pre treated and untreated cassava bagasse as a solid substrate
respectively [23]. Latifian et al., 2007 obtained maximum cellulase production in solid state
fermentation using Trichoderma reesei QM9414 and T. reesei MCG77 mutants with rice bran as
a solid substrate [29]. Maximum production of CMCase (71.526 U/g) was resulted from wheat
bran in solid state fermentation [46]. Maximum cellulase activity of 2.11U/ml was resulted
from rice bran with egg shell waste as a calcium content using Neurospora crassa [18].
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Fig 1: Screening of solid substrate
Screening of Nitrogen Source

Figure 2 shows the screening of nitrogen source for cellulase production using cassava
bagasse as a solid substrate with 50% moisture content. In this present work, yeast extract was
selected as the best nitrogen source for maximum enzyme production (2 U/mg). Beef extract
for Bacillus circulans TP3 (30 U) and asparagine for B. subtilis CY5 (35 U) were selelcted as
potential nitrogen source for cellulase production [5]. Ammonium compounds [23, 47], KNOs
and NH;4NOs; [8] were used as suitable nitrogen sources for cellulase production.

Effect of Initial pH

Initial pH of the medium is an important parameter for enzyme production. To narrate
the influence of initial pH on cellulase enzyme production, initial pH value of medium was
adjusted to 2-10 by the addition of 1N HCl or 1IN NaOH. The result of specific activity in solid
state fermentation is shown in figure 3. The solid state fermentation was carried out using
cassava bagasse with 50% moisture content for three days. It was noted that cellulase
production was so low at pH 2 because of low growth rate of cells at this initial pH. Maximum
cellulase production was appeared at an initial pH of 6. Similarly, cellulase obtained from
Bacillus pumilus EWBCM1 after 72 h and Trichoderma koningii AS3.4262 using lignocellulosic
waste [21] were found to be maximum production at pH 6 [48]. Maximum cellulase production
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from Bacillus sp., Micrococus sp., and Cellulomonas sp., isolated from estuarine coir netting
effluents resulted at pH 7[49]. Optimum cellulsae activity was found to be 7.5 pH from
Aspergillus niger Z10 [9]. Previous reports explained that favorable pH for cellulase enzyme
production was 7.0 using Clostridiumthermocellum and Cellulomonas sp.[50, 51]. Optimum
cellulase activity was found to be 22 U from Bacillus subtilus CY5 and 27 U from Bacillus
circulans TP3 between pH 7.0 and 7.5 in solid state fermentation [5].
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Fig 3: Effect of initial pH on specific activity of cellulase.
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Fig 4: Effect of moisture content on specific activity of cellulase
Effect of Moisture Content

Solid state fermentation is different from submerged fermentation, because cell growth
as well as metabolite appeared on or near the solid substrate. The suitable water composition
in solid state fermentation needs the growth of cells as well as metabolic activity [52].
Therefore, moisture content is a crucial parameter for enzyme production since it appreciably
affects the performance of solid state medium [41]. In this study, effect of moisture content on
enzyme production was carried out at an initial pH 6 using cassava bagasse as a solid substrate
shown in Figure 4. At 80% moisture content, maximum enzyme production (3.5 U/mg) was
appeared in solid state fermentation. However, maximum cellulase production was carried out
with only 10% moisture content and resulted activity as 26 U for B. subtilis and 20 U for B.
circulans [5].Cellulase produced from pre treated sugarcane bagasse by Trichoderma koningii
AS3.4262 was found to be 11 U/ g ds with 66.4% moisture content [21].

CONCLUSION

Low cost solid state materials such as cassava bagasse, pine leaves, wheat bran and rice
bran were tried owing to cellulase production. Cassava bagasse was emerged as a potential
substrate among four solid materials and used for further studies. Screening of nitrogen sources
was examined and yeast extract was obtained as a best source. Effect of initial pH and moisture
composition on cellulase production was investigated. In this study, it was found that suitable
conditions for cellulase production were: solid substrate- cassava bagasse; initial pH -6; nitrogen
source - yeast extract and moisture content - 80%.
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