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ABSTRACT

Cellulase is considered to be much important enzyme in organic acid and biotechnology industries. Earlier, we 
have isolated cellulase producing two different bacterial strains from soils collected from a paper manufacturing 
plant, Budhar, Central India, and from a grass and forage store present nearby Hotel Radisson Blu, Indore, and after 
biochemical, physical, and physiological characterization including 16S rRNA sequencing, confirmed as Bacillus 
licheniformis Bi1 and Ochrobactrum anthropi Oa2, respectively. Here, in this study, we optimized four variables, 
namely, incubation period, temperature, pH, and inoculum percentage for cellulase production medium to get 
maximum cellulase production using statistical experimental design, Central Composite Design and further refined 
using the statistical second order polynomial model, Response Surface Methodology (RSM). Under optimized 
conditions, cellulase activity produced was 118 ± 12 µM/min/mg and 69.3 ± 8.5 µM/min/mg, respectively, whereas 
predicted value was 124 µM/min/mg and 82.3 µM/min/mg for B. licheniformis Bi1 and O. anthropi Oa2, respectively. 
There was 2.5-fold increase in production of cellulase by applying RSM model.

1. INTRODUCTION

The β-1,4 glucan is a vital component of a plants cell wall and 
is considered to be the plentiful polysaccharide in plants and is 
synthesized by photosynthesis [1]. It, also commonly called as 
cellulose, is an unsolvable water polymer comprised of repeated 
units β-D-glucopyranose closely intertwined through β-1, 4 glucoside 
linkages [2]. Main emphasis is being given to build sustainable 
structures for the coherent application of cellulosic leaving residuals 
that are used for the cost effective production of cellulase. The 
employment of different cellulase producing bacteria and fungi under 
normal atmospheric and higher temperature conditions for cellulose 
biotransformation into the economically important substances such as 
common saccharides and ethanol has gained global recognition [3].

Cellulose is generally hydrolyzed by the cellulase enzyme complex 
comprised of three components namely endo-1,4-β-D-glucanase (EC 
3.2.1.4), exo- 1,4-β-D-glucanase (EC 3.2.1.74), and β-glucosidase 
(EC 3.2.1.21). The crystalline as well as amorphous paracrystalline 
structures of cellulose are hydrolyzed by endoglucanase. This enzyme 
is commonly called as cellulase. It is chiefly secreted by many 
microbes [4].

Bacterial cellulases have acquired much significance for degradation 
of cellulose at the industrial level due to rapid growth rate and genetic 
diversity due to broad range of genetic variability, resilient, and highly 
modifiable to genetic manipulation [1]. 

Substantial basic and applied cellulase studies have indicated 
high economic value and industrial applications for cellulase. It 
has broad array of applications in key commercial industries such 
as foodstuffs processing/manufacturing, paper manufacturing, 
medicines, fabric/clothes, bioethanol/fruits drinks, and biofuels [2]. 
Therefore, demand for this enzyme is increasing continuously and 
enormously [5]. Cellulolytic microorganisms have been isolated 
from soil, natural waste, gut, marine dregs, and ocean growth 
[6]. Cellulase production is an inducible process fundamentally 
affected by biochemical and physical procedure boundaries, namely, 
incubation period, temperature, pH, and inoculum. Different 
nutritional boundaries (carbon, nitrogen, and mineral sources) 
and physical boundaries must be regulated/optimized to enhance 
catalyst efficiency and production of cellulase. The mentioned 
parameters seem to be extremely significant for the economy 
of enzyme isolation and are generally taken as the obstruction in 
the commercial applications of any technique. For improving the 
physical and concoction boundaries, one factor at a time (OFAT) 
approach is commonly utilized in research for optimization of 
enzyme production. However, OFAT takes more efforts to complete 
numerous parameters and the cooperation between factors could 
not be explained as well. To overcome these issues, factorials cum 
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measurements based investigational techniques capable to deliver 
quick and dependable results are desired. In the present study, 
multi-factors analyses using statistical experimental design, Central 
Composite Design (CCD) and Response Surface Methodology 
(RSM) are carried out. The CCD is a factorial based experiment 
designing tool used to assess the importance of the basic factors [7], 
whereas, RSM is used to assess the cooperation of the autonomously 
operated factors like physical factors. This strategy utilizes a factual 
trial structure and gives measurably approved expectations to 
facilitate the production of cellulase [8,9]. The present study was 
carried out to upgrade economically efficient cellulase production 
from cellulase producing bacteria, Bacillus sp. and Ochrobactrum 
sp. earlier identified by us. 

2. MATERIALS AND METHODS

2.1. Isolation and Identification of Cellulase Producing 
Microorganism
Isolation of Bacillus licheniformis Bi1 and Ochrobactrum anthropi Oa2 
was carried out as described earlier [10]. Bacterial cultures were isolated 
from five different soil samples collected from different sites considered 
to be enriched in cellulase producing bacteria as described earlier [10]. 
The soil samples were 100× serially diluted with 0.90% sodium chloride 
solution. Thereafter, these were used as inocula for sterile inoculations 
on carboxymethyl cellulose (CMC) agar petri-plates. The composition 
of the medium was carboxymethylcellulose (0.5%), sodium nitrate 
(0.1%), dipotassium hydrogen phosphate (0.1%), potassium chloride 
(0.1%), magnesium sulfate (0.05 %), yeast extract (0.05%), and agar-
agar (1.5%), pH adjusted to 7.0 using a pH meter. After inoculation, 
petri-plates were incubated at 37°C for 48 h. From the grown bacterial 
colonies, replica plates were prepared, and thereafter, Congo red dye 
was spread for primarily detecting cellulase secreting bacteria by plate 
assay method. The largest clear zone around the colony was considered 
as a potential isolate for secreting cellulase enzyme. The positive results 
exhibiting bacterial colonies were used to inoculate the liquid medium 
with CMC (1%) and were allowed to grow in an environmental orbital 
shaker at 150 rpm speed for testing cellulase secretion. Biochemical as 
well as molecular characterization has been described earlier [10].

2.2. Cellulase Assay and Protein Estimation
The enzyme assay was carried out as described by Sethi et al. [11] with 
some modifications as described earlier [10]. The assay mixture was 
comprised of carboxymethylcellulose (0.50%, pH 7.0; 1 ml), enzyme 
(up to 100 µl), and volume was adjusted 2.0 ml using 0.05 M sodium 
phosphate buffer, pH 7.0. The reaction was allowed to progress by 
incubation at 50°C for 30 min in a water bath incubator followed by 
addition of 3 ml of DNS reagent to stop the reaction. Thereafter, tubes 
were incubated in a boiling water bath for 5 min followed by cooling 
under running tap water. After that, optical density was determined 
at 575 nm using an ultraviolet–visible spectrophotometer. Glucose 
was used as a standard. Control tubes were also used simultaneously 
where enzyme was added after addition of DNS reagent. One unit 
of the enzyme activity was taken as the amount of the enzyme that 
liberated 1 µmol of reducing sugars as glucose equivalent per minute 
under the conditions of enzyme assay. Protein estimation was carried 
out according to the procedure of Lowry et al. [12].

2.3. OFAT Approach
Two previously reported cellulase secreting bacteria, B. licheniformis 
and O. anthropi were used for the experiments [10].

On the basis of OFAT approaches, CMC liquid medium ingredients 
were altered to significantly enhance the cellulase activity. Different 
cellulose sources, namely, CMC, Whatman filter paper, rice bran, 
and wheat-straw at the concentration range of 1–5% were used 
individually as alternatives of carbon source in the medium to 
provide favorable conditions for the growth of bacteria and for 
maximum production of cellulase. Filter paper, rice bran, and wheat-
straw were crushed to a mesh size of 5–10 mm using a pestle and 
mortar before use as a carbon source in the submerged fermentation 
medium. Various carbon sources with production media (CMC liquid 
media) were prepared and positive isolates were grown at 37°C in 
environmental orbital shaker at 150 rpm speed. Cellulase activity 
was analyzed using cell free supernatant. The carbon source that 
gave maximum cellulase activity was taken as a viable substrate for 
analyses ahead. 

To examine improvement in the secretion for cellulase, nitrogen 
sources, namely, ammonium sulfate, peptone, sodium nitrite, urea, and 
yeast extract at different concentrations ranging from 0.5 to 2% were 
used to supplement the submerged fermentation medium. 

For pH optimization, submerged fermentation medium was used 
adjusted separately at pH 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, and 10.0. 
For optimization of temperature, submerged fermentation medium 
was incubated at different temperatures, namely, 20°C, 30°C, 40°C, 
50°C, 60°C, and 70°C. For inoculum size, 0.1, 0.5, 1, 1.5, and 5% 
v/v inocula were used in different sets. Multiple sets were employed 
and after calculation, average enzyme activity was used for analyses 
ahead.

2.4. CCD and RSM
The statistical experimental design, CCD was used to determine 
factors which affect enzyme secretion remarkably using software 
Design expert 8.1. The default central values chosen for the 
experimental design were pH (X1) 7; temperatures (X2) 45°C, 
incubation period (X3) 36 h, and inoculum size (X4) 1% [Table 1]. 
Different combinations of the selected variables were calibrated 
according to the design in the medium containing 2% CMC 
and 0.5% peptone as carbon and nitrogen sources, respectively 
[Table 2].

Table 1: Factor studied using the OFAT approach. One way ANOVA was 
used to study the effect of the variable on the production.

Variables Range ANOVA (P-value) 
Bacillus licheniformis; 
Ochrobactrum anthropi

Inoculum, % 0.1–5 0.15; 0.21

Temperature, °C 25–70 0.1, 0.11

 pH 3–9 0.2; 0.21

Incubation time, h 24–96 0.07; 0.1

Nitrogen source Ammonium sulfate
Urea
Peptone
Yeast extract

0.04*; 0.61

Carbon source CMC
Filter-paper
Rice-bran
Wheat-straw

0.035*; 0.42*

*Indicates significant terms. OFAT: One factor at a time, CMC: Carboxymethyl 
cellulose, ANOVA: Analysis of variance
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The ranges of each of the variables are mentioned in Table 3. A total 
36 experiments were performed in this study to identify the intensely 
affected variables for secretion of the enzyme. Three sets were 
prepared for each experimental run and average values were taken for 
analyses ahead. The second order non-linear polynomial equation used 
to fit the data is as follows [13]:

Y Block S X X X X
i

X

� � � �
�
��
0

0 1 2 3 4

4

, , ,

Where Y is the enzyme activity (response); X1 to X4 are considered as 
the independent variables; β is the model constant. Package RSM of 
“R for Statistical computing” was taken for the statistical analysis of 
experimental data and its response surface graph. The model generated 
was further examined for the robustness using analysis of variance 
(ANOVA). In general, model robustness was decided by Fisher’s 
F-test, polynomial model conditions including coefficient of assurance 
and balanced.

To determine optimum conditions for carboxymethylcellulase 
production, RSM was employed with CCD [14]. An entirety of 36 
experiments were conducted with three coded levels (−1, 0, and +1) 
[Table 2]. The experimental range of factors explored in this study is 
also summarized in Table 2. The cellulase activity response as yield 
in each primer was performed in duplicate. An “R” package, “RSM” 
was used for the experiment designing and followed analysis [14]. The 
assessment was performed to evaluate the response as a second order 
polynomial fit [15].

The software Design expert 8.0.1 was also employed for regression and 
graphical analyses of the data obtained to optimize cellulase production. 
The significance of the obtained model was performed using ANOVA 
function. The optimal value for the influencing parameters was obtained 
by the ridge analysis and analyzing the contour plots [13,16]. Three-
dimensional surface plots were attracted to show connection between 
the reactions and the test levels of every autonomous variable.

2.5. Validation of the Predicted Model
Based on the findings obtained during analysis, parameters were 
selected for validation of optimized medium model such as pH, 
temperature, inoculum, incubation period, and these parameters were 
variable according to the designed model given by RSM. The rest of 
the components in the medium were unchanged and optimized medium 
was prepared. The composition of the broth medium was CMC (0.5%), 
sodium nitrate (0.1%), dipotassium hydrogen phosphate (1%), potassium 
chloride (0.1%), magnesium sulfate (0.05%), and yeast extract (0.05%). 
The predicted response surface model was also validated in triplicate.

3. RESULTS AND DISCUSSION

3.1. OFAT Approach
The secretion of the enzyme cellulase was optimized on the 
factors, namely, inoculum size, pH, temperature, incubation period, 

nitrogen source, and carbon source as described by Lugani et 
al. [17]. For this analysis, there were five sources of carbon and 
nitrogen each investigated for higher cellulase production. The 
results are shown in Figure 1a and 2a. It was found that maximum 
cellulase production was at the rate of 102.1 ± 10.72 µM/min/mg 
for B. licheniformis and at the rate of 74.5 ± 7.67 µM/min/mg for O. 
anthropi was at 1% inoculum amount. Shankar et al. [18] reported 
maximum production of cellulase at 2% inoculum size for Bacillus 
pumilus. 

Here, maximum enzyme production at the rate of  98.4 ± 10.23 µM/min/mg 
 was observed in case of B. licheniformis when pH of the growth 
medium was pH 7.0 [Figure 1b]. The strain, O. anthropi showed 
maximum cellulase production at the rate of 62.1 ± 6.41 µM/min/mg 
at pH 8.0 [Figure 2b]. However, other researchers reported pH 6.5 for 
maximum cellulase production for O. anthropi [13,19].

Both B. licheniformis and O. anthropi showed maximum cellulase 
production at the rate of 48.1 ± 4.85 µM/min/mg and 69.5 ± 
7.15 µM/min/mg, respectively at 40°C [Figure 1c and 2c]. Other reports 
also showed optimum temperature of 40°C with B. licheniformis, 
Bacillus subtilis, Serratia marcescens, Pseudomonas fluorescens and 
Escherichia coli [11,13]. It is considered that upon further increase in 
temperature increase led to loss of enzyme activity due to temperature 
impact enzyme denaturation was observed [17]. 

For optimization of incubation period for enzyme secretion, both the 
bacterial strains separately were incubated for different time periods 
ranging from 24 h to 124 h. The results are shown in Figure 1d and 
2d. The data showed that maximum enzyme secretion at the rate of 
103.5 ± 10.86 µM/min/mg in case of B. licheniformis, and 74.5 ± 
7.67 µM/min/mg in case of O. anthropi was after 72 h incubation. 
Shankar et al. [18] showed maximum cellulase secretion by B. 
pumilus after 72 h incubation. However, Duza et al. [20] showed 
maximum cellulase secretion after 96 h incubation in case of O. 
anthropi.

The correlation of various nitrogen sources on cellulase secretion was 
studied keeping peptone in the medium and also replacing it with 
different nitrogen sources, namely, ammonium sulfate, sodium nitrite, 
urea, and yeast extract at the amounts between 0.5 and 2% in the 
growth medium. Out of all the nitrogen sources tested, 0.5% peptone 
was observed to be the best for cellulase secretion. As shown in 
Figure 1e and 2e, B. licheniformis secreted cellulase at the rate of 101 
± 10.30 µM/min/mg and O. anthropi at the rate of 63.2±7.67 µM/min/
mg with peptone as nitrogen source. Ray et al. [21] showed maximum 
cellulase secretion by B. subtilis CY5 and Bacillus circulans TP3 in 
the presence of 0.5% peptone in the culture medium. Duza et al. [20] 
showed maximum cellulase secretion by O. anthropi with 1.0% 
tryptone in the culture medium. 

Among various carbon sources, 2% CMC was found to be the 
better carbon source among tested sources for cellulase secretion. 
The data are shown in Figure 1f for B. licheniformis where rate 
of cellulase production was found to be 108.2 ± 10.82 µM/min/
mg. For O. anthropi, data are reported in Figure 2f where rate of 
cellulase production was 69.5 ± 7.15 µM/min/mg. There are reports 
indicating 1% CMC in the medium was optimum for secretion of 
cellulase [17].

3.2. CCD and RSM
The significant influential variables for cellulase production are 
mentioned in Table 1. All the runs were performed in triplicate and 

Table 2: Physiological parameters optimized in the study.

Variables Unit Symbol Coded value +1 Coded value −1

Inoculum % v/v X1 0.1 5

pH - X2 3.5 10.5

Temperature °C X3 25 55

Incubation time Hours X4 24 72
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Table 3: Summary of CCD design prepared by RSM and their respective responses by the studied microorganisms.

Run no. Var X1 Var X2 Var X3 Var X4 Block BL Yield (µM/mg/min) OA Yield (µM/mg/min)

1 1 −1 −1 −1 1 54 23

2 −1 −1 1 −1 1 68 42

3 −1 1 −1 −1 1 52 24

4 0 0 0 1 1 98 36

5 0 0 0 1 1 99 34

6 0 0 0 1 1 99 34

7 1 −1 1 1 1 54 56

8 1 1 1 −1 1 46 26

9 −1 1 1 1 1 58 31

10 1 1 −1 1 1 43 24

11 0 0 0 1 1 100 36

12 −1 −1 −1 1 1 48 38

13 0 0 0 0 2 104 39

14 0 0 0 0 2 106 39

15 1 −1 1 −1 2 43 53

16 1 −1 −1 1 2 44 42

17 −1 1 1 −1 2 53 22

18 0 0 0 0 2 98 38

19 1 1 1 1 2 48 41

20 0 0 0 0 2 99 36

21 −1 −1 1 1 2 56 32

22 −1 1 −1 1 2 52 24

23 1 1 −1 −1 2 46 22

24 −1 −1 −1 −1 2 48 29

25 0 0 0 0 3 98 29

26 −2 0 0 0 3 96 28

27 0 0 −2 0 3 108 40

28 0 0 0 2 3 98 32

29 0 0 2 0 3 110 40

30 0 0 0 0 3 96 35

31 0 −2 0 0 3 64 54

32 −2 0 0 0 3 96 36

33 0 2 0 0 3 68 53

34 2 0 0 0 3 92 29

35 0 0 0 −2 3 96 35

36 0 0 0 0 3 100 38
BL: Bacillus licheniformis, OA: Ochrobactrum anthropi , CCD: Central composite design, RSM: Response surface methodology

average values were taken. The CCD design was composed of 36 
runs and the respective cellulase activities are specified in Table 3. 
Four different key production modulator factors, namely, inoculum 
size, pH, incubation period, and temperature were selected by OFAT 
method. Further optimization experiments were performed selecting 
most effective variables and developed models were analyzed further 
for fluctuations using ANOVA.

The correlation coefficient (R^2) value defines the correlation 
between experimental and the predicted values obtained by 
the developed model. The values of our model were 0.90 
indicating a high degree of correlation between the calculated 
and experimentally determined production values. On analysis 

of response surface curves, optimal conditions were found to be 
X1: 1.8%, X2: 40°C, X3: 6.5, and X4: 72 h for B. licheniformis; 
and X1: 3%, X2: 35°C, X3: 8.0, and X4: 72 h for O. anthropi, 
respectively. The theoretical and experimentally determined 
production at the given conditions has been summarized in Table 4. 
The mean difference between calculated and observed production 
value was non-significant. Therefore, the models were assets as 
highly correlated.

Non-linear quadratic polynomial equations (1) and (2) are for 
B. licheniformis and O. anthropi respectively. The relationship between 
studied parameters and robustness of the model are summarized in 
Tables 3 and 4 for two models generated using B. licheniformis and O. 
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anthropi, respectively. A quadratic nonlinear polynomial equation was 
developed based on the independent variables in terms of actual values 
and the experimental results.

Y X X X X

X X
(B.lichenoformis) � � � � �

� �

2 79 0 37 1 7 0 12

0 31 1

1 2 3 4

1 2

. . . .
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 (2)
The higher F-value 9.41 and 9.81 for the models using B. licheniformis 
and O. anthropi, respectively, and lower probability (P < 0.05 at 95% 
certainty level) demonstrated that these models were significant [Tables 

Figure 1: Effect of various variables on the cellulase production. one factor at a time approach was used to analyze the influence of (a) inoculums percentage (b) 
pH (c) temperature (d) incubation time (e) nitrogen source (f) carbon source on the Bacillus licheniformis. In the figure, the bar represents cellulase production and 

red-dot represents growth as optical density in the respective parameters.

dc

b

f

a

e
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Figure 2: Different variables and cellulase production (µM/min/mg) relationship: One factor at a time approach was used to analyze the effect of (a) inoculums 
percentage (b) pH (c) temperature (d) incubation time (e) nitrogen source (f) carbon source on the Ochrobactrum anthropi. In the figure, the bar represents 

cellulase production and red-dot represents growth as optical density in the respective parameters.

dc

b

f

a

e
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5 and 6]. The F-values and probability for all the individual, interaction, 
and square terms of the variables vary from high to low showing that 
all the individual, interaction, and square effects of each variable differ 
from each other. In addition, a non-significant lack of fit value showed 
that the model looks to be good and may be used for the predictions.

Three-dimensional response plots were also useful to visualize 
the influence of various studied parameters on the mass secretion 
of cellulase [Figures 3 and 4]. In these illustrations, cellulase 
activity was plotted on the z-axis against any two parameters 
keeping other variables constant (at central level). Further 

Figure 3: (a-f) Three-dimensional plot of the responses as yielded by Bacillus licheniformis on various physiological conditions. Here A, B, C, and D represent 
inoculums, temperature, pH, and incubation period, respectively. Figure heads A to F represent the possible combinations of the studied parameters, namely, AB, 

AC, AD, BC, BD, and CD, respectively.

d

cb

f

a

e
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production was carried out to confirm the optimized conditions as 
predicted using the models. Production was carried out for 72 h at 
optimized conditions [Table 4]. The maximum cellulase activity 
was calculated to be 118 µM/mg/mL and 69 µM/mg/mL for B. 
licheniformis and O. anthropi, respectively. This justified RSM-

predicted cellulase activity and optimized media by RSM yielded 
the highest observed cellulase activity so far reported [13,22-25]. 
Results also indicated that B. licheniformis and O. anthropi are 
viable cellulase producers for use of the enzyme in industrial 
applications [13,20].

Figure 4: (a-f) Three-dimensional plot of the responses as yielded by Ochrobactrum anthropi on various physiological conditions. Here X1, X2, X3, and X4 
represent inoculums, temperature, pH, and incubation period, respectively. Figure heads A to F represent the possible combinations of the studied parameters, 

namely, X1X2, X1X3, X1X4, X2X3, X2X4, and X3X4, respectively.

d

cb

f

a

e
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Figure 5: Relative values on the production of cellulase by Bacillus licheniformis and Ochrobactrum anthropi under unoptimized conditions (screening medium), 
one factor optimized, and RSM optimized medium.

Table 5: Analysis of variance (CCD response variable) for cellulase 
production using B. licheniformis (µM/min/mg).

Source Estimate Std error t-value Prob>|t|

Model 74.16 8.1 9.14 >0.001*

X1 −2.79 3.3 −0.84 0.4

X2 −0.37 3.3 −0.11 0.91

X3 1.7 3.3 0.51 0.61

X4 −0.12 3.3 −0.03 0.97

X1:X2 −0.31 4.05 −0.07 0.93

X1:X3 −1.93 4.05 −0.47 0.63

X1:X4 0.56 4.05 0.13 0.83

X2:X3 −0.81 4.05 −0.2 0.84

X2:X4 0.93 4.05 0.23 0.81

X3:X4 1.31 4.05 0.32 0.74

X12 −8.23 2.8 −2.87 0.009*

X22 −15.23 2.8 −5.31 >0.001*

X32 −4.48 2.8 −1.56 0.13

X42 −7.48 2.8 −2.61 0.01*

Df Mean F-value Prob>F

Residuals 20 262.8

Lack of fit 10 516.6 59.05 >0.001*

Pure error 10 8.8
*Indicates significant terms. CCD: Central composite design

Table 6: Analysis of variance (CCD response variable) for cellulase 
production using Ochrobactrum anthropi (µM/min/mg).

Source Estimate Std error t-value Prob>|t|

Model 32.08 3.2 9.81 >0.001*

X1 1.81 1.3 1.4 0.17

X2 −4.29 1.3 −3.21 0.004*

X3 3.2 1.3 2.4 0.025*

X4 1.7 1.3 1.28 0.21

X1:X2 −1.31 1.6 −0.8 0.43

X1:X3 3.31 1.6 2.02 0.05

X1:X4 1.93 1.6 1.18 0.25

X2:X3 −1.56 1.6 −0.95 0.35

X2:X4 0.31 1.6 0.19 0.85

X3:X4 −0.81 1.6 −0.49 0.62

X12 −2.8 1.1 −2.4 0.025*

X22 3.44 1.1 2.98 >0.007*

X32 0.07 1.1 0.06 0.95

X42 −1.55 1.1 −1.3 0.19

Df Mean F-value Prob>F

Residuals 20 42.7

Lack of fit 10 77.12 1.27 0.18**

Pure error 10 8.32
*Indicates significant terms, **indicates more significant terms, CCD: Central composite design

Table 4: Post-optimization validations of the mathematical models.

Microorganisms Parameters Expected 
production

Actual production

Bacillus 
licheniformis

X1: 1.8% 124  
µM/min/mg

118±12 µM/min/mg

X2: 40°C

X3: 6.5

X4: 72 h

Ochrobactrum 
anthropi

X1: 3% 82.3  
µM/min/mg

69.3±8.5 µM/min/mg

X2: 35°C

X3: 8.0

X4: 72 h

3.3. Validation of the Predicted Model
The predicted model was evaluated with the use of chosen factors 
for the optimization process independent variables such as pH, 
temperature, inoculum percentage, and incubation period. Higher 
cellulase secretion was observed in B. licheniformis and predicted by 
RSM as 124 µM/min/mg. In case of O. anthropi, cellulase secretion 
was observed to be 82.3 µM/min/mg as expected production by RSM 
[Table 4].

Cellulase secretion was also tested with 1 l flask level using parameters 
of 250 mL optimized RSM medium and cellulase activity. It gave 118 
± 12 µM/min/mg and 69.3 ± 8.5 µM/min/mg for B. licheniformis and 
O. anthropi, respectively. Relative analysis of cellulase production 
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is shown in Figure 5. Other researchers also authenticated cellulase 
production after predicting by RSM [26].

4. CONCLUSION

The enzyme cellulase is much industrially significant enzyme used in 
various commercial applications such as ethanol production for biofuel, 
paper/pulp manufacturing, food processing, textile refining, and 
beverages production. Bacteria, B. licheniformis and O. anthropi which 
were earlier isolated and shown to be cellulase producing bacteria in our 
laboratory were employed here for sub-merged fermentation. Various 
variables, namely, incubation period, inoculum size, temperature, 
and pH were optimized using OFAT approach and RSM based CCD 
was used for experimental validation. The optimization model using 
OFAT and RSM enhanced the cellulase activity by 2.5 fold in both 
B. licheniformis and O. anthropi optimized media conditions as against 
unoptimized basal media. Both these bacteria are good candidates for 
cellulase production under sub-merged conditions.
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