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Abstract: The optimum parameters for cellulase production by Bacillus pumilus EWBCM1 using RSM
(Response Surface Methodology) based on CCD (Central Composite Design) model was performed in the
present work. Optimum conditions for cellulase production by Bacillus pumilus EWBCM1 were: galactose of
1.0 g/L, malt extract of 0.5 g/L and incubation time of 72hrs. Fisher’s statistical testing was performed for the
analysis of variance (ANOVA) for quadratic regression equations. By optimizing with coded factor the maximum
cellulase production observed by the model was 0.5751 IU/ml.
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INTRODUCTION designing experiments, building models, evaluating the

A cellulolytic enzyme system is a multi-enzyme for desirable responses and reducing the number of
system comprising of endoglucanase (endo-1,4- -D- required experiments [10]. In biological processes,
glucanase, EC 3.2.1.4), exo-glucanase (1,4- -D-glucan- especially in the production of ethanol from biomass,
cellobiohydrolase, EC 3.2.1.91) and -glucosidase RSM has been adopted to optimize the growth of
( -D-glucoside glucanohydrolase, cellobiase, EC microorganisms and the production of ethanol [8, 9, 11,
3.2.1.21) that acts synergistically to degrade cellulosic 12]. In this work, RSM was adopted to determine the
substrate [1]. Cellulolytic enzymes are key to biomass optimal conditions for the production of cellulase from
processing for the production of fuel ethanol and Bacillus pumilus EWBCM1 and the interactions among
bioproducts. High cost of these enzymes, however, is a the factors that influence the response of the cellulase
significant barrier to the commercialization of ethanol and production.
chemicals. Due to the heterogeneity and complexity of
lignocelluosic biomass, bioconversion requires multiple MATERIALS AND METHODS
enzyme activities [2].

Response surface methodology (RSM) is a statistical Microorganism and Cultural Conditions: Cellulose
technique for the modeling and optimization of multiple hydrolyzing bacterium Bacillus pumilus EWBCM1
variables, which determine optimum process conditions isolated from earthworm gut (Eudrilus eugeniae) was
by combining experimental designs with interpolation by used in this study. The culture was maintained on CMC
first-or second-polynomial equations in a sequential (Carboxy Methyl Cellulose) agar slants and stored in the
testing procedure [3]. RSM has already been successfully refrigerator (4°C) for further analysis [13].
applied for the optimization of enzymatic hydrolysis of
other bioprocesses [3-6]. Cultivation Was Carried out in the Production Medium:

Response surface methodology (RSM) [7] is a useful NaNO -2g; FeSO -0.01g; MgSO -0.5g; K HPO -1g; KCl-
tool which integrates mathematical and statistical 0.5g; pH-7 and incubated at 37°C in a rotary shaker. For
approaches to analyze the effects of defined independent CMCase production, 1 L Erlenmeyer flask which
variables on the response without the need for prior contained 500ml of production medium was incubated at
knowledge of a predetermined relationship between the 37ºC on an orbital shaker (150 rpm) for 72 hrs. Bacterial
response function and the variables [8, 9]. RSM is now cells were removed by centrifugation and the supernatant
considered as a standard statistical approach for was used for crude enzyme preparation [14].

effects of many factors and finding the optimal conditions

3 4 4 2 4



Global J. Biotech. & Biochem., 7 (1): 01-06, 2012

2

Cellulase Assay: The culture medium was centrifuged at
5000 rpm for 20 min at 4°C. The supernatant was used as
crude enzyme source for cellulase assay. Endo glucanase
activity was assayed as per the method of Ghose [15]
using 0.5ml of 1% CMC as the substrate in 0.2M citrate
phosphate buffer (pH-7) and incubated at 45°C for 30 min.
The reaction was terminated by addition of 2ml of DNS
reagent and tubes were kept at boiling water bath for 5
min. After cooling the tubes at room temperature, 7ml of
distilled water was added in each tube. The intensity of
the color was read at 540nm in UV-VIS spectrophotometer
(Systronics, 119). Standard curve was performed with
glucose solution. One unit of enzyme activity was defined
as the amount of enzyme required for release 1µ mol of
glucose per minute under assay condition. Enzyme
activity was expressed in units. Cellulase activity was
calculated using this formula:

IU/ml = concentration of glucose / 0.5×30×0.180
One micromole of glucose equals 0.180 mg.

RSM Study
Experimental Design and Statistical Analysis: Response
surface methodology was used to optimize the cultural
conditions for the cellulase production by Bacillus
pumilus EWBCM1. Central composite design was used
for the cellulase production consisting of three factors at
two level patterns (Table 1). Galactose, malt extract and
incubation time were taken for optimization by a rotatable
central composite design (CCD) resulting in 20
experimental runs. The treatment combinations were
allocated into block [16]. The first block contained the
factorial runs accompanied by four central runs. The
second block contained the axial runs accompanied by
two central runs. The modeling and statistical analysis
were performed using Design Expert, version 8.0.4.1
software (Stat-Ease Inc. Minneapolis).

Statistical Optimization for cellulase Production by
Bacillus Pumilus EWBCM1 Using Response Surface
Methodology: Cellulase production by Bacillus pumilus
EWBCM1 was optimized using CCD and RSM. The
quadric model was used in the version of design expert
8.0.4.1 software. Cellulase production was optimized by
varying concentration of the medium components
especially Galactose (carbon source) and the two factors
malt extract (nitrogen source) and incubation time. The
optimization of condition was performed using CCD with
fixed central points of galactose 1%, malt extract 0.5% and
incubation time of 72 hours.

Table 1: Independent variables and their coded levels for the central
composite design used for cellulase production by Bacillus
pumilus EWBCM1

Coded Variable Levels
---------------------------------------------------------

Variables -1 0 1

Galactose (%) 0.5 1.0 1.5
Malt extract (%) 0.25 0.5 0.75
Incubation time (Hours) 48 72 96

Table 2: Central composite design for cellulase production by B. pumilus
EWBCM1

Factor C:
Factor A: Factor B: Incubation Response:

Run Galactose (%) Malt Extract (%) Time (Hours) Cellulase (IU/ml)

1 0.50 0.25 48.00 0.2783
2 1.50 0.25 96.00 0.3132
3 1.00 0.50 72.00 0.4287
4 1.00 0.50 72.00 0.5751
5 1.50 0.25 48.00 0.3692
6 1.00 0.08 72.00 0.4499
7 1.00 0.50 72.00 0.5751
8 1.00 0.50 72.00 0.5751
9 1.00 0.50 112.36 0.3829
10 0.50 0.75 96.00 0.2934
11 1.00 0.92 72.00 0.2836
12 1.00 0.50 72.00 0.5751
13 0.50 0.75 48.00 0.3729
14 1.84 0.50 72.00 0.4678
15 0.16 0.50 72.00 0.2816
16 1.50 0.75 96.00 0.4012
17 1.00 0.50 72.00 0.5751
18 1.50 0.75 48.00 0.3627
19 1.00 0.50 31.64 0.3843
20 0.50 0.25 96.00 0.3721

Table 3: ANOVA for cellulase production

Terms ANOVA

F Value 4.29
P>F 0.0164
Mean 0.42
R 0.79432

Adjusted R 0.60912

Co-efficient variance % 16.24
Adequate precision 5.414

RSM helps evaluation of relationship between
dependent (cellulase production) variable and
independent variable (media components and factors like
incubation time) observed and predicted values of the
cellulase production as shown in table 2. The activity of
the model can be seen in difference between observed
and predicted values. The co-efficient and analysis of
variance are presented in table 3.
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The model F-value of 4.29 implies the
model is significant. There is only a 0.13% chance that a
“Model F-Value” this large could occur due to noise.
Values of “probe >F-value less than 0.0164 indicates
model terms are significant. In this case A, A , B and C2 2 2

are significant model terms. Values greater than 0.1000
indicate the model terms are not significant. The fit of the
model checked by the co-efficient of determination R was2

calculated to be 0.7943 indicating that 16.24% of
variability in the response could be explained by the
model.

RESULTS

Cellulase Production in Terms of Coded Factor: By
optimizing with coded factor the maximum cellulase
production observed by the model was 0.5751 IU/ml.
Response surface and contour plot figures obtained by
the analysis of the experimental data of CCD showed a
relationship between two variables at time while Fig. 1: Three-dimensional response surface plot for the
maintaining third variables at fixed level. These figures are effects of incubation time and malt extract on
helpful in understanding both linear and interaction effect cellulase production by B. pumilus EWBCM1 at a
of two variables. The 3-D response surface plot described constant galactose.
by the regression model was drawn to illustrate the
combined effects of the independent variables and
combined effects of each independent variable upon the
response variable.

Fig. 1 shows that RS plots illustrating the effect of the
incubation time and malt extract keeping galactose
constant at 1%. The plot revealed that the cellulase
production was low and increasing incubation time
resulted in an increasing cellulase production where as
increasing malt extract concentration resulted in less
production of cellulase.

The data observed by the varying concentration of
galactose and incubation time at constant malt extract
(0.5%) was plotted in Fig. 2. It shows that an initial
increase in incubation time with simultaneous increase in
galactose concentration resulted in an increase cellulase
production. However on increase in galactose
concentration beyond this limit has affected the cellulase
production.

Fig. 3 shows the interaction of malt extract (0.5%) and
galactose (1%) with the fixed coded value of incubation
time (72 hrs). An increasing malt extract with simultaneous Fig. 2: Three-dimensional response surface plot for the
increase in galactose let to an initial increase in cellulase effects of incubation time and galactose on
production until they reached the optimal cellulase cellulase production by B. pumilus EWBCM1 at a
production. constant malt extract.
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Fig. 3: Three-dimensional response surface plot for the when the effect of metal inducers was studied using the
effects of malt extract and galactose on cellulase Plackett-Burman and Box-Behnken designs.
production by B. pumilus EWBCM1 at a constant Saccharomyces cerevisiae (NCIM 3288) was used as the
incubation time. fermenting organism. The Plackett-Burman design was

DISCUSSION were found to have significant effect on ethanol

RSM Analysis for Cellulase Production: used to obtain concentrations of metal ion’s that may be
Response surface methodology is one of the supplemented to get maximum ethanol in during
scientific approaches that is useful for developing, production process. It was observed that ethanol yield
improving and optimizing processes and is used to has increased to 94.8 from 75.4 g/l when supplemented
analyze the effects of several independent variables on with the critical concentrations of salts provided by the
the system response, main objective being the model.
determination of optimum operational parameters within Enzymatic hydrolysis of cellulose is carried out
the operating specifications [17]. This method has been by the cellulase enzyme system and the products of
successfully applied to optimize alcoholic fermentation hydrolysis are usually reducing sugars including
process [18]. glucose. Utility cost of enzymatic hydrolysis is low as

In the present study response surface methodology compared to acid or alkaline hydrolysis because enzyme
was used to optimize the conditions for cellulase hydrolysis is usually conducted at mild conditions, with
production by Bacillus pumilus EWBCM1. Central no corrosion problem. Both bacteria and fungi can
composite design was used for three variables at two level produce cellulase for performing the lignocellulosic
patterns. Galactose, malt extract and incubation time were materials hydrolysis [22].
taken for optimization by a rotatable central composite Using RSM based on CCD model,
design (CCD) resulting in 20 experimental runs for Optimum conditions for cellulase production by
cellulase production. B. pumilus EWBCM1 were: Galactose of 1.0 g/L,

Karuppaiya et al. [19] reported that four level central malt extract of 0.5 g/L and incubation time of
composite designs (CCD) involving the variables 72hrs. By optimizing with coded factor the maximum
substrate composition (20-100%), pH (4.5-6.5), incubation cellulase production observed by the model was
temperature (28-36°C) and fermentation time (12-160 hrs), 0.5751 IU/ml.

a response surface methodology for the production of
ethanol using waste cashew apple juice as substrate by
Zymomonas mobilis MTCC 090 was standardized.
Maximum ethanol concentration (12.64 g/l) was obtained
at the optimized conditions in anaerobic batch
fermentation.

Sasikumar and Viruthagiri, [20] reported that
simultaneous saccharification and fermentation (SSF) of
sugarcane bagasse by cellulase and Pachysolen
tannophilus MTCC 1077, Using RSM parameters setup
for reaching a maximum response for ethanol production
was obtained when applying the optimum values for
temperature (32°C), pH (5.6) and fermentation time (110
hrs). Maximum ethanol concentration (3.36 g/l) was
obtained from 50 g/l pretreated sugarcane bagasse at the
optimized process conditions in aerobic batch
fermentation.

Palukurty et al. [21] reported that ethanol production
using jaggery was enhanced in submerged fermentation

used to initially screen seven of which the four elements

production. In the next stage, Box-Behnken design was
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