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Abstract

Cellulase has gained interest in researchers due to its great applicability in the field of biotechnology. The Bacillus licheni-
formis KY962963 used in the study was isolated from Chlorococcum sp. Optimization of various physical parameters like
pH, temperature, salinity and effect of co-inducers on the cellulase production (FPase and CMCase) was carried out. In
crude enzyme extracts, the selected bacterial strain exhibited higher endoglucanase (CMCase) activity as compared to
total cellulase activity (FPase). The highest production of cellulase was obtained with Bacillus licheniformis KY962963
when 1% (w/v) cellulose and 0.5% (w/v) peptone as co-inducers was used at 37 °C, pH 7.0, 72 h of production time where
CMCase activity was found to be of 7.72 1U/ml and FPase 6.19 IU/ml. The conditions were optimized using OVAT approach
which were further validated through statistical modeling. The methods used in this study has established its suitability
to optimize cellulase production for its industrial applicability.
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1 Introduction

Cellulose is known as one of the natural sources of biopol-
ymer. The lignocellulosic biomass is earth’s most dominat-
ing renewable resource of agricultural waste materials
having a significant potential for biological conversion
to high value bioproducts. Cellulose is degraded by the
enzyme cellulase frequently produced by cellulolytic
microorganisms such as bacteria and fungi. Cellulase has
remarkable applicability in numerous industries and hence
known as the major part of industrial enzyme. To screen
and evaluate nutritional and environmental parameters
is the main step for enzyme production. But the produc-
tion condition for enzymes differs from species to species
of different microorganisms used. Moreover, the enzyme

activities are altered with varying conditions like substrate
specificity, pH, temperature and hence the depiction of
enzyme production entail information about optimum
pH, stability towards a varying range of temperature and
specificity for the substrate [1, 2]. The enzyme manufactur-
ing companies like Novozymes and Genencor have testi-
fied significance in emerging more competent and eco-
nomically affordable enzymes for hydrolysis of cellulosic
materials [3]. The disadvantage of these types of enzymes
is that they can be optimized for a specific substrate and
cannot be useful when the different substrate is used [4].
Production of cellulolytic enzymes by using lignocellu-
losic material for hydrolysis has shown that the enzyme
prepared by this technique can achieve a better standard
than commercially prepared enzyme produced by using
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a costly substrate like purified cellulose [5]. This approach
could be employed for bio-refinery purposes to yield cel-
lulose hydrolyzing enzyme on-site. The major benefit of
on-site cellulase production is that it decreases the addi-
tional cost of purification and stabilization of the enzyme
thus, reducing the overall cost [6].

Cellulases are able to crystalline both the structures of
cellulose namely crystalline and para crystalline. To date,
numerous bacterial and fungal species are known to pro-
duce cellulase [7].

During the last decade, the fungal cellulase was domi-
natingly used due to its capability to excrete large amount
of complex structure of cellulose. Howbeit, in a recent
scientific era the concentration is shifted towards the cel-
lulases of bacterial origin. The reason behind this is the
capability of bacteria to grow in a harsh environmental
conditions and presence of multi-enzyme complexes
which tends to bestow enhanced synergy and function [8].
Bacterial domain has acquired advancement of marketable
progression to degrade cellulose due to its faster-growing
characteristics, diverse genetic variableness, adaptability
and highly amended capability to genetic manipulation
[9]. However, till the recent years, the study on cellulases
derived from bacterial origin was of less importance than
the fungal domain as it has a potential to hydrolyze only
synthetically available carboxymethyl cellulose [10]. The
factors that affect the production of cellulolytic enzymes
are inoculum concentration, the value of pH, temperature,
the existence of inducers, exposure to air and growth rate.

Further, research revealed commercial worth and indus-
trial applicability of cellulases [11, 12]. It has an eclectic vari-
ety of usability in a diverse area of the food industry, indus-
tries of pulp and paper, medicinal industries, textile sectors,
liquor-based matrices, malting and brewing, starch process-
ing, biofuel production and leather/tannery, etc.[1]. To meet
the demand of cellulase enzyme for the above-said applica-
tions, optimization of physicochemical factors, one variable
at a time (OVAT) is frequently used by investigators to find
out the finest parameters and the precise effects of variables.
However, it is difficult to carry out numerous investigational
trials and hence the interface between variables turns out to
be problematic to assess and frequently getting unsuccess-
ful results [13, 14]. To overcome this problem Plackett-Bur-
man design (PBD) is used. Box-Behnken design was further
applied to justify the response surface [15].

To optimize several variables for the determination of
process conditions that suits the best for enhanced cellulase
production, response surface methodology (RSM) is used.
This technique works by combination of several experimen-
tal designs with interpolation by first-or second-multino-
mial equations in a consecutive test process [16]. This is now
observed that RSM can be used as a conventional statisti-
cal approach to design an experiment, to make a model for
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building construction, evaluation of the effects of multiple
factors, to optimize conditions for required responses by
reducing the experiment number [17].

This study demonstrates the applicability of RSM to
optimize the best conditions for higher cellulase produc-
tion from Bacillus licheniformis KY962963 and the relation
amid the variables that effects the response of the produc-
tion of cellulase. The present study was focused to opti-
mize various nutritional and process parameters to yield
the determined production of cellulase from designated
pure culture by keeping in view the above facts about the
cellulose hydrolyzing enzyme and its usability in industrial
matrices.

2 Materials and methods
2.1 Cellulase production

The isolated bacterial strain was inoculated in a basal
media reported by [18]. After the optimal period of
incubation, experimental flasks were harvested. The fer-
mented biomass samples were centrifuged at 10,000 rpm
for 15 min at 20 °C temperature (in the centrifuge) for
removal of the spores and then filtered. The supernatants
were carefully collected and stored aseptically under the
refrigerated condition to prevent contamination. After fil-
tration, ~20 ml of the crude enzyme was obtained from
each flask of the different substrate.

2.2 Optimization condition for enzyme production
using one variable at a time approach (OVAT)

The effect of different production condition like substrate
type, basal medium concentration level, temperature, pH
of the medium, incubation time, carbon sources and nitro-
gen sources are described below:

2.2.1 Effect of temperature

Temperature range (20, 25, 30, 37, 40 and 55 °C), we can
get an idea of temperature optima for maximum cellulase
production. 0.1 M phosphate buffer of pH 7 is employed
as a substrate in this study and it will remain constant for
the experiment.

2.2.2 Effect of pH

The pH optima of the cellulase were examined by utiliz-
ing a wide range of pH (pH 5-13) buffers in an assay reac-
tion mixture. The stability of the cellulase was assessed
after preincubating the enzyme in varied buffers rang-
ing from pH 5-6 (sodium citrate buffer), 6-8 (phosphate
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buffer), 8-10 (glycine-NaOH buffer), 10-11 (NaHCO5/NaOH
buffer), and 11-13 (KCI/NaOH buffer) for 30 min. Standard
assay conditions were followed to determine the residual
enzyme activity. A calibrated pH meter was used.

2.2.3 Effect of salinity

A wide range of NaCl concentration i.e., 0.5-12.5% w/v was
mixed with the production medium to find out the best
salinity concentration for maximum cellulase production.
The procedure was carried out at an optimized pH and
temperature for 72 h.

2.2.4 Effect of the incubation period

The consequence of the incubation period was detected
on the activity of the cellulolytic enzyme acquired by Bacil-
lus licheniformis KY962963. The optimized and inoculated
production media was incubated at 37 °C for various time
interludes ranging from 24 to 144 h at an interval of 24 h.

2.2.5 Effect of CMC concentration

To optimize the concentration of CMC for higher cellulase
production, varied concentrations of CMC were added in
the production medium ranging from 0.5% to 2.5% w/v at
an interval of 0.5%. Subsequently, inoculation with bacte-
rial strain was done followed by incubation at 37 °C for
72 hat 120 rpm.

2.2.6 Effect of inoculum concentration

The outcome of varied concentrations of inocula used
(0.5% 1%, 2%, 3%, 4%, v/v) of Bacillus licheniformis
KY962963 was observed on the activity of cellulase after
72 h of incubation period at 37 °C.

2.2.7 Effect of carbon source

The various sources of carbon viz. maltose, fructose,
sucrose, lactose, glucose, and xylose were added (1% w/v)
in production media under optimum conditions to evalu-
ate the best co-substrate for cellulase.

2.2.8 Effect of nitrogen source

The various nitrogen sources like peptone, ammonium
sulfate, yeast extract, ammonium chloride, sodium nitrate
and urea in the production medium to evaluate the finest
nitrogen source for the cellulolytic enzyme production.
The production procedure was carried out at an optimum
temperature for 72 h.

2.3 Statistical designs
2.3.1 Box-Behnken design

Table 3 epitomizes the model design of a standard 15
order of run. Applying this statistical model, variables
having greatest levels of confidence were coded as +1,
0 and —1 for high, central and low values, respectively. To
predict the point of optimum condition optimal, a sec-
ond-order multinomial function was adapted to relate
the association amid the response by means of the cel-
lulase production and independent variables.

The prototype established as a function of a response
of the several variables for the higher cellulase pro-
duction was a second-order polynomial which can be
described as follows.

Y=B0+ZBiXi+ZBiiXi2+ZBinixj (1

To check the response when using three variables, the
followed equation can be applied.

Y =B + B X1+B2X2+ﬁ3X3+B11X12+522X22

(2)
+ B3z X3” + Pra Xq Xy + B3 Xy Xy + Bz Xy X

whereY is the predicted value of response, 3, is the model
constant; X,, X,, and X; are independent variables; 3,, B,
and f3; are linear coefficients; The variables selected for
optimization, i.e., pH, incubation temperature, and the
salinity, were coded as X1, X2, and X3, respectively. The
experiments designed for statistical optimization were
performed in triplicates. Minitab 18 was used for the
regression investigation of the acquired experimental
data. The fitting eminence of the polynomial model equa-
tion was expressed by the coefficient of determination R2.

3 Biochemical studies
3.1 Evaluation of cellulase activity

The assay performed was followed by the method of
Ghose [19]. The FPase activity was used for the deter-
mination of total cellulase activity. CMC has most com-
monly been used for the assay of endoglucanase activ-
ity; cellobiase is assayed via cellobiose hydrolysis and the
release of reducing sugars (monosaccharides).

3.1.1 Total cellulase activity (EC:3.2.1.4)
Reagents:
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o Filter paper strip,
e 3,5-Dinitrosalicylic acid reagent
e Sodium phosphate buffer 0.05 M, pH 7.0.

Substrate: Whatman No. 1 filter paper strip.

Procedure: Whatman No. 1 filter paper strips 1.0x6.0 cm
was inserted into a test tube containing 1.0 ml sodium
phosphate buffer of 0.05 M concentration having a pH 7.0
and added 0.5 ml of crude enzyme. Two blanks were simi-
larly prepared wherein one did not contain the enzyme
and in the other enzyme was added after the termination
of the reaction. All the tubes were incubated in a ther-
mostatically regulated water bath at 50 °C for 1h. Added
3.0 ml DNS reagent to terminate the reaction. The tubes
were boiled for 5 min on a boiling water bath. Cooled
immediately, added 20 ml of DW and mixed well. The
OD was read at 540 nm against blank prepared without
enzyme. Glucose released during the assay was calculated
from a calibration graph of standard glucose.

3.1.2 Endoglucanase activity (EC:3.2.1.4)
Reagents:

e Carboxymethyl cellulose
e 3,5-Dinitrosalicylic acid reagent
e Sodium phosphate buffer 0.05 M, pH 7.0.

Substrate: 2% Carboxymethyl cellulose CMC was prepared
in sodium phosphate buffer (pH 7.0).

Procedure: To 0.5 ml CMC was added 0.5 ml crude enzyme. A
blank solution containing 1.0 ml CMC was also prepared. The
tubes were incubated 50 °C for 30 min in a water bath. The
reaction was terminated by adding 3 ml of DNS after reac-
tion termination 0.5 ml citrate buffer added in a blank tube
and 0.5 ml crude enzyme was added in the enzyme blank
tube. The all three assayed mediums were boiled for 5 min
and tubes cooled immediately. The 20 ml DW was added
in each test tube, mixed well. The absorbance was read at
540 nm and followed the above-mentioned procedure then
calculated the CMCase activity by the following equation.

4 Results and discussion
4.1 Optimization of culture conditions using OVAT

One unit of cellulase activity can be expressed as the
amount of cellulase produce T mmol of glucose per min-
ute at pH 7.0 and 37 °C [20]. The most promising strain
for higher cellulase production was identified as Bacillus
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licheniformis KY962963. The composition of media and
culture conditions such as temperature, pH, salinity, sub-
strate, carbon and nitrogen source, size of inocula, and
incubation period were subsequently optimized for the
thoroughgoing cellulase production step-by-step. The
procedure of media optimization is a significant parame-
ter for the buildout process of fermentation technology to
make the process economically green. For the cost reduc-
tion of the enzyme, it is important to use cost-effective
media components.

4.2 Effect of temperature

Temperature is a critical part of the growth and physiol-
ogy of microbial species and its enzymatic activity. The
best total cellulase (FPase) and endoglucanase (CMCase)
activity of 4.51 and 4.96 1U/ml, respectively, was detected
at 37 °C, which was somewhat abridged to 3.76 and 4.12
IU/ml, respectively, at 40 °C (Fig. 1).

The diminution of enzymatic activity was observed
with the temperature range higher than the optimal val-
ues. This results in subsequent loss of enzymatic activity,
as enzymes tend to be denatured at a higher tempera-
ture. Hence, reduced enzyme activity was detected above
45 °C. Similarly, maximum cellulose hydrolyzing enzyme
production of 0.5851+0.006 IU/ml was attained at 37 °C
from Bacillus pumilus EWNBCM1 [21].

4.3 Effect of pH

The media for the production of cellulase having varied
pH(5,6,7,8,9,10,11,12,and 13) was utilized. The experi-
ment suggests the optimum pH value for higher cellulo-
lytic enzyme production was pH 7 with showed maximum
FPase activity of 4.92 IU/ml and CMCase activity of 5.69 1U/
ml (Fig. 2).

Changes in pH may lead to the alteration in the active
site of the enzyme. Cellulomonas sp. YJ5 isolated by [22]
showed its optimum activity at a pH of 7 and stability over

Effect of temperature
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Fig. 1 Effect of temperature on cellulase production



SN Applied Sciences (2020) 2:1923 | https://doi.org/10.1007/s42452-020-03697-9

Research Article

Effect of pH

g 8 4 CMCase (IU/ml)
é FPase (IU/ml)
z° 1.
Z4 .
3 T 3 5

2 * T I
2 s I i
s |
5 s 6 7 8 9 10 1

pH

Fig. 2 Effect of pH on cellulase production

a wide range of pH 7.5-10.5. The previous report suggests
that the pH range of 7-7.5 was found to be optimum for
higher production of a cellulolytic enzyme using Bacillus
subtilis and Bacillus circulans [23]. Bacillus sp. 8 and Bacillus
sp. 17 showed the maximum cellulase production at pH 7
[24]. The best CMCase activity of 0.29 IU/mL was testified
in a study using Bacillus sp. at pH 7 [25].

4.4 Effect of salinity

The production medium was augmented with various
NaCl concentrations ranging from 0.5% w/v to 12.5% w/v
to check its upshot. The optimum salt concentration for
cellulase production was found to be 3.5% with maximum
FPase and CMCase activity of 3.91 IU/ml and 4.99 IU/ml
(Fig. 3).

It has been suggested that high salt concentration can
encumber the activity of an enzyme of mesophilic pro-
teins by a disruption in a hydrogen bond. High salinity
may result in the protein’s shell deprivation by disturb-
ing hydrophobic interactions [26-30]. Previous studies
suggest that the presence of salt can create high ionic
strength and low water activity in the surrounding envi-
ronment [26-31]. Characteristic studies suggest that
the cytoplasm of halophilic microorganisms have >3M
salt concentration. Consequently, they harbor an excep-
tional mechanism to strive for water with salt. Proteins of

Effect of salinity
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Fig. 3 Effect of salinity on cellulase production

halophilic microorganism comprise an enormous acidic
amino acid which is negatively charged and only a few
basic amino acids on their surface. They also possess a
low content of hydrophobic amino acid [32-35]. Previous
research mentioned that negatively charged amino acids
might maintain the solubility of a protein in a highly saline
solution. The mechanism responsible for this phenome-
non is either a formation of a network of hydrated cations
or prevention from protein aggregation via electrostatic
repulsion at the surface of protein [36-40]. Due to these
reasons, cellulase produced from marine Bacillus licheni-
formis KY962963 can retain its activity up to 6.5% NaCl
concentration and proves its origin from a marine source.

4.5 Effect of the incubation period

To optimized the incubation period, production media was
incubated at varied time intervals ranging from 24 to 144 h
after inoculation with Bacillus licheniformis KY962963.The
optimum period of incubation for the production of cel-
lulase was observed after 72 h of incubation with FPase
activity (6.19 IU/ml) and CMCase activity (7.72 IU/ml)
(Fig. 4).

The incubation period is an important parameter of
the optimization process for higher cellulase yield. A
slight reduction in the activity of cellulase was observed
after 72 h. The activity of cellulase markedly decreased
after 96 h due to exhaustion of nutrients or accrual of
other toxic byproducts in the production medium which
resulted in a reduction of cellulase activity. The report sug-
gests that maximum CMCase and FPase activity of 7.82 |U/
mL and 6.84 IU/mL was observed after 96 h of incubation
while using Bacillus sp. Y3 [41].

4.6 Effect of CMC concentration
To estimate the effect of various CMC concentration
on the production of cellulase by Bacillus licheniformis

KY962963, various CMC concentration (0.5%, 1%, 1.5%,
2%, 2.5%, w/v) were supplemented to the production

Effect of incubation period
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Fig. 4 Effect of incubation period on cellulase production
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media. The maximum FPase and CMCase activity of 3.81
and 4.69 IU/ml, respectively, was detected with 1% (w/v)
CMC (Fig. 5).

Carboxymethylcellulose (CMC), is a water-soluble
derivative of cellulose. It is a suitable compound to
detect the production of cellulase because it is easily
degradable by micro-organisms. As the result suggest
that 1% CMC concentration is optimum for higher cel-
lulase production, the previous report also confirmed
the maximum enzyme activity of 3.028 pg/mg/min was
attained when using CMC as a source of carbon from
Bacillus sp. [42]. Nasr et al. [24] also found similar results
using Bacillus sp. Bacillus sp. BSS3 was found to produce
a high cellulase i.e., 104.68 U/mL in the previously opti-
mized production media supplemented with 1% (w/v)
CMC at 37 °C and 150 rpm [43]. In another study, the
best cellulase production by means of yield has been-
recorded when using Bacillus amyloliquefaciens SS35 by
supplemented the production medium with 1.9% (w/v)
CMC.

4.7 Effect of inoculum concentration

The effect of different inoculum concentrations of Bacil-
lus licheniformis KY962963 ranging from 0.5% to 4% v/v
at an interval of 1% was observed. The optimal concen-
tration of inoculum was noted at 2% (v/v) by showing
maximum FPase and CMCase activity of 4.98 and 5.41 1U/
ml, respectively (Fig. 6).

The cellulase activity was suddenly decreased
because the growth of the organism was declined
because of the upsurge in the struggle for space and
nutrients among cells when the inoculum concentration
above the optimum level increased. These may lead to
the loss of enzyme activity as it affects the length of the
stationary phase. Comparable data for maximum cellu-
lase production with 2% (v/v) inoculum concentration
was also reported [44]. In another study Bacillus pumilus
of 2% (v/v) concentration was detected to be optimum
for higher cellulase production [45].

Effect of CMC concentration
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Effect of inoculum concentration
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Inoculum concentration in % (v/v)

Fig.6 Effect of inoculum concentration on cellulase production

4.8 Effect of carbon source

Different carbon sources viz. maltose, fructose, sucrose,
lactose, glucose, and xylose were studied by adding
them to the growth media. The concentration of these
carbon sources was kept 1% v/w. Results obtained
showed that glucose could be the appropriate carbon
source for the highest cellulase production when com-
pared to others. The best FPase and CMCase activity of
3.43 IU/ml and 4.52 IU/ml respectively were found in
the media containing glucose. Lactose (FPase 2.99 1U/
ml, CMCase 4.12 IlU/ml) and maltose (FPase 2.88 IU/ml,
CMCase 3.98 IU/ml) also showed high cellulase produc-
tion (Fig. 7).

The previous report studied that [46] in the presence
of D-xylose, the maximum cellulase production was
obtained while, [47] reported deduction in cellulase
activity when using xylose as it cannot metabolize well
bacterial strains that unveiled higher cellulase produc-
tion in the media containing glucose [48].

4.9 Effect of nitrogen sources
The effect of varied nitrogen sources like peptone, yeast

extract, ammonium sulfate, ammonium chloride, sodium
nitrate and urea, each with 0.5% (w/v) was detected.

Effect of carbon source

A

0.5 1 1.5 2 2.5

Cellulase activity (IU/ml)
OS= N WhkWU

Concentration of CMC in % (w/v)

Fig.5 Effect of CMC concentration on cellulase production
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Fig. 7 Effect of carbon sources on cellulase production
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The best FPase and CMCase activity of 4.72 IU/ml and
5.23 IU/ml, respectively, when using peptone as a nitro-
gen source (Fig. 8).

Different carbohydrate and nitrogen sources can
repress the enzyme production by reducing the activ-
ity of an enzyme. Nitrogen is known as the chief cell
proteins and enhancement in the cellulolytic activity
by ammonium sulfate salt might occur as this salt can
directly be entered in the synthesis of protein. To sup-
plement the external source of nitrogen is essential for
the fermentation to utilize soluble carbohydrates effec-
tively. The organic nitrogen sources were found to be
more suitable for maximum cellulase production [49].

4.10 Statistical design

Physic-chemical parameters such as oxygen levels, pH,
water activity, temperature, concentrations of nutrients,
and in the production media can significantly affect the
growth of microorganism and the formation of product

Effect of nitrogen source
CMCase (IU/ml)

E 6 FPase (IU/ml)
25 v .

4 | = 4 -

£3 | = = =

=2

S ' | | =
E Peptone Ammonium  Yeast ~Ammonium Sodium Urea
3 sulfate extract chloride nitrate

Nitrogen sources (0.5% w/v)

Fig. 8 Effect of nitrogen sources on cellulase production

[50] and a careful assortment of these parameters can
vividly enhance the cellulase production when SSF per-
formed. The levels of pH, temperature, and concentration
of salinity were variegated as designated in the model of
the experiment. Optimization using statistical modeling
gives a prospect to optimize process levels of variables
under any specified condition by demonstrating the cor-
relation between the predicted values and the variables.

Y = —1128 + 58.68 Xi + 49.15 Xii + 13.78 Xiii — 2.770 Xi?
- 0.6113 Xii® — 0.5719 Xiii* — 0.493 XiXii
— 0.514 XiXiii — 0.1681 XiiXiii
(3)

The equation was applied to analyze the response pre-
diction mentioned in Table 1. Comparative analysis of a
predicted value with the experimental value proves that
acquired data are in practical agreement.

The maximum response (7.81 IU/ml) was obtained in
run number 8, and in general, all the runs with central lev-
els of tested variables showed maximum yields compared
to other combinations. The data was scrutinized by mul-
tiple regression analysis, and the regression coefficients
were determined (Table 2).

Where, X1=pH of the production medium

X2 =Incubation temperature (°C)
X3 =Salinity of the production medium (%)

Appropriateness of the design was confirmed using
Fisher’s test for the ANOVA (analysis of variance) using
Minitab 18. The importance of explicit factors can be
evaluated by their P-values (Table 3), the more momen-
tous relations has a less P-value.

Table 1 Box-Behnken

. . . Run order pH Temperature  Salinity (%) Cellulase (IU/ml) Cellulase (IU/ml)
e)fperlment design matr.lx ©Q) observed predicted
with observed and predicted
responses for different trials 1 7 35 15 281 266
2 7 39 1.5 4.21 3.54
3 6 39 35 3.12 3.41
4 6 37 5.5 4.2 3.76
5 8 35 35 3.94 3.65
6 7 39 5.5 1.9 2.04
7 8 37 1.5 3.26 3.69
8 7 37 35 7.81 7.76
9 6 35 35 215 1.91
10 8 37 5.5 1.86 1.48
11 7 37 3.5 8.21 7.76
12 6 37 1.5 1.49 1.86
13 7 37 35 7.26 7.76
14 7 35 55 3.19 3.85
15 8 39 35 0.97 1.2
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Table 2 Coefficients of the response function to predict cellulase
production by regression analysis

Factor Coded coefficient Coef-
ficient
estimate

Intercept Bo 23.21

X B, 1.29

X, B, 0.12

X3 B, 131

X, By -3.15

X,? B,y -1.43

X532 Bss 0.67

XX, 81, -0.14

X Xs Bis 0.52

X,X5 By -0.04

Table 3 Analysis of variance for the response surface quadratic
model

Source Sum of square dF Meansquare Fvalue P value
Model 71.0399 9 7.8933 16.94 0.003
X, 0.1081 1 0.1081 0.23 0.65
X5 0.4465 1 0.4465 0.96 0.373
X3 0.048 1 0.048 0.1 0.761
X12 28.3307 1 28.3307 60.82 0.001
X22 22.0727 1 220727 47.38 0.001
X32 19.3206 1 19.3206 4147 0.001
X; X, 3.8809 1 3.8809 8.33 0.034
X, X3 4.223 1 4223 907 003
X5X;5 1.809 1 1.809 3.88 0.106
Residual 2.3292 5 0.4658
Lack of fit 1.8742 3 0.6247 2.75 0.278
Pure error  0.455 2 0.2275
Cortotal ~ 73.3692 14

8

6

Cellulase (1U/ml)
4
5
2 4
3 Salinity

Fig. 9 Three-dimensional response surface plot for the interaction
of pH and salinity
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37.5

Temperature =20

Fig. 10 Three-dimensional response surface plot for the interaction
of temperature and salinity

Cellulase (1U/ml)

39.0

75

¢ 260 Temperature

7
pH 8

Fig. 11 Three-dimensional response surface plot for the interaction
of pH and temperature

Figures 9, 10, and 11 signifies the response attained
for the interaction of examined parameters. The facts
obtained in the plots of response specified that the
production of cellulase increased at pH 7 and at the
salinity concentration of 3.5%. The profiles of contour
plots signify the nature and degree of the relatedness
(Fig. 9). It has been significantly detected from the fig-
ure that there is no significance between the examined
parameters.

The optimum temperature and pH were within these
ranges where the maximal activity of 7.76 IU/ml was pre-
dicted by the model. The effects of incubation tempera-
ture and salinity are shown in Fig. 10.

It may be detected from the surface contour plot that
there is a trivial shift in optimum salinity to the lower
merit when temperature is increased. Similarly, the inter-
action effects plotted for pH and incubation tempera-
ture showed that there are no significant interactions
between these variables that affect cellulase production
(Fig. 11).

However, this confirmed that the optimal temperature
range lied between 36 and 37 °C, and the optimal pH was
between 6 and 7.
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5 Conclusion

Above study indicates that Bacillus licheniformis KY962963
is a potential isolate for cellulase production and further
hydrolyzing cellulose into fermentable carbohydrates.
Here, cellulase production from extremotolerant Bacillus
licheniformis KY962963 was optimized and showed signifi-
cant enhancement in the FPase and CMCase activity in a
production media (1% CMC, 0.5 % peptone; pH 7.0) inocu-
lated with 2% (v/v) inoculum incubated at 37 °C for 72 h
at 120 rpm. The current study has demonstrated that CMC
along with glucose and peptone encouraged the higher
cellulase production using Bacillus licheniformis KY962963
an epiphyte of Chlorococcum sp. Higher production of bac-
terial cellulase by optimizing several physical parameters
leads to its cost reduction increase its applicability in vari-
ous industries such as laundry, textile, leather, brewery etc.
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