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Abstract
Amylases are considered to be the most prominent enzyme as they are used in
brewing, detergent and textile industries. Since characterizing the enzyme
activity is prerequisite for its relevant application, this study aimed to optimize
the enzyme activity for different parameters. Bacillus cereus KR9 using
submerged fermentation with wheat bran as substrate and optimum inoculum
percentage of 3% (v/v) exhibit amylase activity of 29.19U/ml after 48 h of
incubation. The partially purified enzyme of Bacillus cereus KR9 showed was
highly stable at pH 8.0 with residual activity of 92%. Response surface
methodology (RSM), Box- Behnken design was employed to optimize the
activity α-amylase of strain KR9. The combinational effects of the factors like
substrate concentration, temperature and metal ion concentration were found to
have significant effects on α-amylase activity. The maximum amylase activity
was 307.67 U/ml under the optimized experimental conditions of substrate
concentration of 1 % (w/v), temperature of 47 °C and with 5 mM CaCl 2 mM
respectively. Partially Purified enzyme was observed in SDS- PAGE and
zymogram analysis with a molecular weight of approximately 54 kDa. The
strain showed significant compatibility with commercial laundry detergents and
good wash performance thus providing its suitability for detergent formulation.
It efficiently decolorized the tested dyes saffranin (57.7%) and crystal violet.
(64.35%). The results encourage the use of Box - Behnken response surface
methodology for optimizing the α-amylase activity of and form exceptional
basis for the further large-scale textile applications and biotechnological
utilization.

INTRODUCTION
Enzymes are biological catalysts which regulates specific biochemical reactions. In recent years, the potential
of using microorganism as biotechnological source of industrially relevant enzymes has stimulated interest in
the exploration of extracellular enzymatic activity in several microorganisms (Tiwari et al., 2015). Therefore,
using of enzymes in bioprocess industry could offer a number of advantages such as thirty percent saving in
raw materials during production process, and up to thirty percent energy savings with mechanical process in
production (Nagib et al., 2014). Microbial enzymes are widely used in industrial processes due to their low
cost, large productivity, chemical stability, environmental protection, plasticity and vast availability
(Sundarram and Krishna Murthy, 2014). Amylases (α-amylases, β-amylases and glucoamylases) represent
one of the most important enzyme groups within the field of biotechnology.
http://biosciencediscovery.com
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Amylases are used commercially for starch
liquefaction, paper, desizing of textile fabrics, in
preparing starch coatings of paints, in removing wall
paper, food in the brewing industry, sugar induction
by production of sugar syrups from starch which
consist of glucose, maltose and higher
oligosaccharides, pharmaceutical, and in preparing
cold water dispersible laundry starches (Elhalem et
al., 2015). The best fermentation technique for
optimization involves submerged fermentation
(SmF) (Ashwini, 2016). By optimization of process
variables one can find out the significant parameters
that enhance the yields and characterization of
enzyme is must for its versatile application.
Response Surface Methodology (RSM) is a
statistical technique, based on the fundamental
principles of statistics, randomization, replication
and, duplication, which simplifies the optimization
by studying the mutual interactions among the
variables over a range of values in a statistically valid
manner. These designs are used to find improved or
optimal process settings, troubleshoot process
problems and weak points and make a product or
process more robust against external and noncontrollable influences (Baskar et al ., 2008). The
detergent and textile industries are one of the main
consumers and users of amylases that enhance the
performance of detergents and allow the product to
be more environmentally friendly. Hence, the aim of
study includes the production of amylase using
submerged fermentation, characterization and
optimization of different factors for maximum
amylase activity using RSM method and further
assessing its application in textile industries.
MATERIALS AND METHODS
Microorganism
Bacillus cereus KR9, α amylolytic bacteria was used
in this study. It was isolated, identified (Krishma and
Radhathirumalaiarasu, 2017) and deposited in the
Department of Microbiology, SFR College for
women, Sivakasi, Tamilnadu and preserved in
nutrient agar slants at 4 °C. Further it was revived
using nutrient broth and used throughout this study.
Production of amylase from Bacillus cereus KR9
under submerged fermentation (SmF)
Agriculture by-products namely; wheat bran was
washed, dried, sieved and used as substrate for
amylase production. Amylase production was
carried out in 250 ml flasks containing 10 g/l of
wheat bran with composition was as follows (g/1):
[KH2PO4 - 0.1g/l, NaCl- 0.25g/l, MgSO4.7H2Ohttp://jbsd.in

0.01g/l, CaCl2- 0.01g/l with pH 7]. To investigate the
effect of inoculums size all the flasks were sterilized
at 121 °C for 15 min, inoculated with different
volume of inoculums 1%, 3%, 5% and 10% (v/v) and
then incubated at 37 ºC on rotary shaker at 150 rpm.
After incubation the samples were aseptically
withdrawn at different intervals centrifuged at
10,000 rpm for 10 min and assayed for amylase
activity. All the experiments were carried out at least
in duplicates.
Analytical method
α- Amylase activity was determined by the
procedure of Bernfeld using soluble starch as a
substrate. The reaction mixture containing 1ml of
soluble starch 1% (w/v) in 0.1 M phosphate buffer
(pH 7) and 100 μl of enzyme solution was incubated
at 37°C for 15 min. The reaction was stopped by
adding 1 ml of 3, 5-dinitrosalicylic (DNS) acid
solution followed by heating in a boiling water bath
for 5 min and cooling at room temperature.
Absorbance change (OD) was measured
spectrophotometrically at 540 nm. Amylase activity
(U) was defined as the amount of enzyme that
releases 1 μmol of reducing sugars as glucose per
minute, under assay conditions of pH 7 and
incubation temperature of 37°C with phosphate
buffer solution (Kaur et al., 2015).
Partial Purification of Enzyme
About 30 ml of Crude enzyme was saturated with
80% (w/v) Ammonium sulphate. The precipitate was
concentrated by centrifugation at 10,000 rpm for
10min. Pellet was dissolved in 50mM phosphate
buffer and dialyzed with same buffer (pH 7). The
partially purified amylase was then carefully pipette
out in eppendorf tubes and stored in 4o C and used in
further characterization studies.
Enzyme characterization
Influence of pH on amylase activity and stability
The effect of pH on the activity of α-amylase was
measured using the following buffers; 0.1M glycine
- HCl (pH 2 to 4), 0.1M phosphate buffer (pH 5 to
7), 0.1M glycine-NaOH buffer (pH 8 to 10). The pH
stability was studied by pre-incubating the enzyme at
different pH (2 to 10) for 30 min and then the residual
activities were measured at optimum pH.
Response surface methodology
The effect of substrate amount (g), Temperature (°C)
and effect of metal ion (mM) on α-amylase were
analysed and optimized by
Box–Behnken
methodology. In this study, the experimental plan
consisted of 17 trials and the independent variables
were studied
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at three different levels, low (-1), medium (0) and
high (+1). All the experiments were done in triplicate
and the average of alpha amylase production
obtained was taken as the dependent variable or
response (Y). The second order polynomial
coefficients were calculated and analysed using the
‘Design Expert’ software (Version 10.0, Stat-Ease
Inc., Minneapolis, USA) statistical package.
Statistical analysis of the model was performed to
evaluate the analysis of variance (ANOVA). This
analysis included the Fisher’s F-test (overall model
significance), its associated probability p (F),
correlation coefficient R, determination coefficient
R2 which measures the goodness of fit of regression
model. For each variable, the quadratic models were
represented as contour plots (3D) and response
surface curves were generated using STATISTIC
software (StatSoft Inc., Tulsa, USA).
Compatibility of Amylase with various
Commercial Detergents and Wash performance
analysis
The enzyme compatibility with commercially
available laundry detergents was studied using
detergents Surfexcel, Aerial, Jil, Tide, Rin and Tide.
The detergent solution (1% w/v) was boiled for 15
min to inactivate the enzymes that could be part of
their formulation. The amylase was then incubated
with detergent solution for 30 min at 37 ºC and the
residual activity was determined in comparison to
control (without any detergent).
Wash performance analysis of partially
purified enzyme was evaluated on white cotton cloth
pieces (8×8 cm). The cloth pieces were stained
separately with food gravy (mixture of baby food and
chocolate) and then left for overnight. Different set
of cold washing processes were carried out following
the procedure described by Roohi (2013). The flasks
were kept for 30 min at 37 ºC in shaking condition
(100 rev/min) and rinsed with cold water followed
by removal of the cloth pieces and their visual
examination after being dried.
Dye decolorization test
Nutrient broth (4 ml) with added 1 mL of chosen
dyes (0.1% of crystal violet and saffranin) were
taken in test tubes, sterilized and then inoculated
with the bacteria. Nutrient broth added with 1 ml of
sterile distilled water was used as control. The
control and test reaction tubes were incubated for 48
h and visualized for decolorization. Additionally, the
growth of bacteria in the presence of dye was
determined by taking absorbance of the culture broth
http://biosciencediscovery.com

at 600 nm in Elico UV Vis Spectrophotometer (Nidhi
et al., 2012).
Electrophoretic Analysis
Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) was performed with
15% (w/v) acrylamide gel as described by Laemmli
(1970). Molecular weight marker with Bovine serum
albumin (63 kDa), ovalbumin (48 kDa),
glyceraldehyde 3- phosphate dehydrogenase (35
kDa), carbonic anhydrase (25 kDa) (Genei,
Bangalore) were included and the gels were stained
with Coomassie brilliant blue R-250. For zymogram
analysis, PAGE analysis was carried out with
separating gel supplemented with 1% (w/v) soluble
starch. After electrophoresis, gel was incubated in 50
mM phosphate buffer (pH 7) for 24 h. The clear
starch hydrolysis zone that corresponded to enzyme
activity was visualized on addition of 0.1 % iodine
solution.
RESULTS AND DISCUSSION
Amylase production by Bacillus cereus KR9 on
Wheat bran
The production of amylase increased with increase
in incubation time and inoculum size and reached
maximum at 48 h (29.91 U/ml) with 3% v/v initial
inoculums. Further increase in incubation time and
initial inoculum size resulted in reduced amylase
production (Fig. 1). Therefore initial inoculum of
3% v/v and 48 h incubation time was found to be
optimum for amylase production by Bacillus cereus
KR9.
Effect of pH on the activity and stability of
amylase
The partially purified amylase from B. cereus KR9
was found to be active at a broad range of pH values
(2-10) with maximum activity at pH 7 (169.13
U/ml). Although amylase of B. cereus KR9 showed
optimum activity at pH 7.0 it retained more than 50%
of its original activity between pH 7.0 to 9.0. The
strain was highly stable at pH 8.0 with residual
activity of 92% (Fig. 2).
However B. subtilis
showed maximum α-amylase activity at pH 9.0 with
maximal relative activity at pH 8.5 (Ashabil et al.,
2014). Similarly, the pH stability result for B. cereus
GA6 suggests that enzyme was relatively stable over
a pH range of 8 to 11 and retained about 80, 82 and
65% residual activity at pH 8, 10 and 11, respectively
(Roohi et al., 2013). The enzyme of P. janthinellum
(NCIM 4960) was active over a range of pH 4-8 with
optimum pH 5.0. α- amylase activity considerably
decreased at pH 4.0 as well as at pH 9.0.
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The pH stability of the enzyme also showed a similar
trend in recording stability over a pH range of 4-8,
with maximal activity at pH 5.0 (Sindhu et al., 2011).
This shows that the pH plays an important role for αamylase activity. α- Amylase from mesophilic
source with wide pH stability allow better
application of enzyme for industrial purposes.
Optimization of α-amylase production through
Box- Behnken Response surface design
Substrate concentration, temperature and metal ion
were identified as most influential among physical
parameters for the activity of α-amylase. A Box–
Behnken design was employed to analyze the
interactive effect of these parameters and to arrive at
an optimum. The base points for the design were
selected from a single-parameter study. A summary
of the variables and their variation levels is given in
Table 1. SmF was carried out according to the design
for 48 h. The fermented samples were extracted and
assayed for α-amylase activity. The results were
analyzed on a PC running under Windows OS, using
Design expert 10.0 (Stat Ease Inc., Minneapolis,
USA) statistical software and the response surface
generated using STATISTICA (StatSoft Inc., Tulsa,
USA). The optimal level of the key factors and the
effect of their interactions on α-amylase production
were explored by the Box-Behnken response surface
methodology. Experimental design and results are
shown in Table 2. By applying multiple regression
analysis on the experimental data, the following
second-order polynomial equation was established to
explain the α-amylase activity (Y) for strain B.
cereus KR9 as function of substrate concentration
(A) , temperature (B) and metal ion (C) are expressed
as follow:
Y= -917.91 - 1804.32 A + 72.69 B – 85.68 C
+1440.82 A2 - 0.73 B2 + 26.18 C2 - 4.16 AB - 24.91
AC – 0.69 BC.
The analysis of variance (ANOVA) was conducted
to test the significance of the fit of the second order
polynomial equation for the experimental data as
shown in Table 3. The Model F-value of strain KR9
is 10.43 implies the model is significant. There is
only a 0.01% chance that a ‘‘Model F-value” could
occur due to noise. Model P-value in this study was
0.0027 which also indicates that the model was
significant. In this case A, C, AB, AC, BC, A2, B2,
C2 are significant model terms. This model presented
a high determination coefficient (R2 =0.9306)
indicates a good agreement between experimental
and predicted values, which implies that the model
was reliable for α-amylase production and
http://jbsd.in

statistically sound. The "Pred R-Squared" of -0.1105
is not as close to the "Adj R-Squared" of 0.8414 as
one might normally expect as presented in Table 3.
The P values implied the significance of each
coefficient and it is important in turn to indicate the
pattern of mutual interaction between the
coefficients. The smaller the value of P, the more
significant is the corresponding coefficient.
Response surface representation provides a method
to show the relation between the response and
experimental levels of each variable. These figures
are useful in understanding the kind of interaction
among test variables to deduce the optimum
conditions. Fig. 3 depicts the contour plot showing
the effects of substrate and metal ion to have
significant effect on amylase, and it is positively
interacted with the temperature. Therefore the results
apparently prove that substrate and metal ion was
found to be the important component interacted with
temperature for the enhanced amylase activity. The
result predicted maximum amylase activity of
307.67 U/ml with under the optimized experimental
conditions of substrate concentration of 1 % (w/v),
temperature of 47 °C and with 5 mM CaCl2
suggesting that experimental and predicted values of
α-amylase yield were in good agreement. Similarly,
a maximum predicted Amylase yield of 11460.34
IU/ml when using 1.05 % sucrose, 0.608 % Beef
extract, 7.1 pH and 40.35 °C temperature. The
predicted value is approximately 1.24 fold much
higher than the original production (9248 IU/mL)
determined by the conventional one factor- at-a-time
optimization method which can be applied in
bioprocess for increased amylase yield of
Streptomyces gancidicusasd-KT852565 (Ashwini,
2016). However most of the works have focused on
optimizing condition for enzyme production.
Priyanka et al. (2015) investigated the individual and
combinational effects of the factors, i.e. substrate
amount, initial moisture, fermentation time,
temperature and size of inoculum were found to have
significant effects on α-amylase production: the
optimum values of the tested variables were 5 g,
70%, 94 h, 28 °C and 20%, respectively for P.
notatum NCIM 923 . By using the surface plots and
response optimizer of MINITAB 14 Software, the
maximum enzyme activity of 0.893 IU/ml was
predicted when sweet potato concentration was
2.01%, sodium nitrate 0.6%, pH 7.2 and temperature
25°C for Aspergillus oryzae MTCC 1847
(Tamilarasan et al., 2012).
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Table: 1. Levels of variables used in Box- Behnken design for optimization of amylase activity
Variable
Unit
Low level
High level
Substrate
G
5
1
0
Temperature
C
37
57
Metal ion
mM
1
5
Table: 2. Experimental design (Box-Behnken) used to optimize the parameters for amylase activity of B.
cereus KR9
Coded values
Run order
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
*SE- 31.11

Substrate Temperature
(G)
(0C)
0.5
37
0.75
47
0.5
47
0.75
57
0.75
47
0.75
47
0.75
37
0.75
47
1
57
0.5
47
0.75
47
1
47
0.75
57
0.75
37
0.5
57
1
37
1
47
CD- 5.51

Amylase activity (U/ml)
Metal ion
(mM)
3
3
5
5
3
3
5
3
3
1
3
1
1
1
3
3
5

Actual value

Predicated value

33.47
21.33
234
39.15
19.46
19.46
112.59
19.46
18.53
95.91
19.46
219.4
17.14
35.44
51.2
42.39
307.67

36.56
19.46
240.71
35.75
19.46
18.53
117.79
17.38
15.44
93.42
20.36
225.69
11.94
38.84
52.89
40.71
302.16*

Table: 3. Results of regression analysis of the Box- Behnken
Sum of
Mean
Source
df
Squares
Square
Model
1.212E+005
9
13465.99
A-Substrate
13785.48
1
13785.48
B-Temperature
22087.18
1
22087.18
C-Metal ion
2926.07
1
2926.07
AB
432.43
1
432.43
AC
620.51
1
620.51
BC
760.10
1
760.10
2
A
34144.12
1
34144.12
B2
22507.88
1
22507.88
C2
46185.93
1
46185.93
Residual
9038.77
7
1291.25
Lack of Fit
9038.77
3
3012.92
Cor Total
1.302E+005
16
* Prob > F less than 0.05 indicates that the model terms is significant.
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F Value

P-value

10.43
10.68
17.11
2.27
0.33
0.48
0.59
26.44
17.43
35.77

0.0027
0.0137
0.0044
0.1760
0.5809
0.5105
0.4680
0.0013
0.0042
0.0006
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Fig: 1. Production of amylase with different initial inoculum
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Fig: 2. Effect if of pH on amylase activity
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Detergent compatibility and Wash performance
analysis of enzyme
The α-amylase partially purified from B. cereus KR9
showed excellent compatibility with a wide range of
locally available commercial detergents which is a
mandatory requirement for washing 70-90 %. It was
mainly compatible with ‘Arial’ and Tide detergents
retaining 89.7% and 80.8% activity after 30 mins.
(Fig. 4). Similarly Cold-active α-amylase of B.
cereus GA6 exhibited compatibility with ‘Tide’
detergent retaining 92.27% activity after 0.5 hour
incubation at 22ºC and it retained 86, 78 and 72%
activity after 1.0, 2.0 and 3.0 hour incubation,
respectively (Roohi et al., 2013). After 30 min of
incubation, the enzyme of P. janthinellum (NCIM
4960) retained approximately 90% of the original
activity in case of Henko, Vim and White giant.
Addition of CaCl2 (20 mM) to the detergent and
http://jbsd.in

7

8

9

Resuidal activity (%)
enzyme mixture was quite effective in increasing the
stability of enzyme in presence of detergents (Sindhu
et al., 2011). The α- Amylase from B. licheniformis
strain AS08E exhibited a significant stability and
compatibility with all the tested commercial laundry
detergents. The purified α-amylase in the present
study was found superior to the commercial αamylase (Hi-media Laboratories, Mumbai, India) in
laundry detergent stability study at 30 and 37°C
(Jetendra et al., 2013).
The wash performance analysis of gravy stained
cotton fabric revealed that the combination of
detergent and enzyme shows good performance than
detergent only. Therefore, it may be recommended
that the supplementation of the α-amylase isolated
from Bacillus cereus KR9 could significantly benefit
the cleansing of the starchy stains resulting in
complete stains removal (Fig. 5).
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α-amylase can also successfully remove starch from
cotton fabrics, thereby, preventing the warp thread
from breaking off during the weaving process
(Jetendra and Mukherjee 2015). Results imply that
this amylase exhibited high efficiency for the
removal of stains when used in combination with
detergent at 47 ºC is very promising in textile
industry.

Similarly increase in reflectance was from 52 to 82%
for removal of food gravy stain from white cloth,
when washed with detergent supplemented with
enzyme (Roohi et al., 2013). The study depicts that
detergent Safed supplemented with the purified αamylase from B. subtilis AS-S01a resulted in better
stain removal from cotton fabrics as compared to that
of detergent alone. Further, it shows that the purified
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Fig: 3. Response surface plot for amylase activity of B. cereus KR9. (a) The interaction between
temperature and substrate; (b) the interaction between metal ion substrate; (c) the interaction between metal
ion and temperature.
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Fig: 4. Detergent compability of amylase
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Fig: 5. Wash performnace of Bacillus ceresus KR9 amylase with detergent (A) Cloth stained with food
gravy; (B) Stained cloth washed with water only; (C) Stained cloth washed with enzyme only; (D) Stained
cloth washed with detergent only; (E) Stained cloth washed with detergent and enzyme.
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Fig: 6. SDS-PAGE analysis of partially purified amylase from Bacillus cereus KR9.
Lane 1: partially purified amylase ~54 kDa, Lane 2: Zymogram analysis of partially purified amylase, Lane
M: Molecular weight protein marker (25- 135 kDa).
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Dye decolorization
The strain Bacillus cereus KR9 decolorize both
crystal violet and saffranin dye successfully up to
64.35% of crystal violet and 57.7% of saffranin dye.
Similarly, growth analysis indicated that the
actinomycete strain MB3 has grown very well even
in the presence of both the dyes when compared to
other 3 bacteria (Nidhi et al., 2012). Textile effluent
containing dye Remazol brilliant blue R with 1M
NaCl was completely decolorized using both free
and gum Arabic conjugated laccase after 24 h.
Effluent treated with free laccase showed growth of
microorganisms as seen by the observed turbidity but
similar growth was not observed in the effluent
treated with conjugated laccase (Jadhav and Rekha,
2013).
Determination of molecular weight and
zymogram
SDS-PAGE analysis revealed the partially purified
α-amylase, indicating this enzyme has been purified
to near homogeneity by the fractional ammonium
sulfate precipitation. Its molecular weight was
estimated as ~54 kDa. Zymogram analysis was
accomplished by SDS-PAGE including soluble
starch. The gel was subjected to the renaturation
solution. Activity band was observed after soaking
the gel in iodine solution (Fig. 6).
The zymogram and PAGE analysis of Bacillus
sp. Ferdowsicous amylase was shown mass of αamylases from various microbial sources vary from
22.5 to 184 kDa but the most of them are in the range
of 50–60 kDa (Ahmad et al., 2010). SDS-PAGE
analysis revealed a single band for the purified αamylase of Bacillus subtilis A10, purified by the
fractional ammonium sulfate precipitation and
Sephadex G-100 chromatography with its molecular
weight was estimated as 46.9 kDa and was further
confirmed with activity band was observed after
soaking the gel in iodine solution (Ashabil et al.,
2014). For Bacillus cereus GA6, enzyme
preparations the purified protein showed a single
band equal to a molecular mass of about 55 kDa on
SDS-PAGE confirming that enzyme is composed of
single polypeptide chain and activity staining gel
confirming high enzyme purity (Roohi et al., 2013).
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