
INTRODUCTION

Enzymes are proteins that catalyze the
chemical reactions. In these reactions, the
molecules at the beginning of the process are called
substrates and the enzyme converts them into
different molecules, the products. Almost all process
in the cell need enzymes are extremely selective
for their substrates and speed up only a few
reactions from among many possibilities, the set of
enzymes made in a cell determines which metabolic
pathways occur in that cell.

The use of industrial enzymes has now
extended to almost all industries handling organic
compounds. Enzymes are used variably for
example, as ingredients in detergents, reagents for
analysis of drugs or blood components, food use
or food additives, fiber processing or pulp processing
in the paper industry and environmental treatment.

Amylases are starch-degrading enzymes,
which primarily breaks down starches in food so
that they can be used by the body. They are widely
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ABSTRACT

Production of alkaline amylase by Bacillus sp. under solid state fermentation (SSF)  was
optimized. The effect of wheat bran and rice bran were examined. The appropriate Incubation time,
Temperature, pH, Inoculum size, Moisture content, Carbon source, Nitrogen source, Substrate
concentration, Surfactant and Mutagenic effects were determined. Maximum yield of enzyme was
achieved by employing wheat bran as substrate ((94±2) U/g) at 72hrs with 1:1.5 moisture content and
pH-8. Inoculum size was found to be 30% for wheat bran. The increased growth of bacterium  of
mutagenic activity is seen with acrylamide solution.
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distributed in microbial, plant and animal kingdoms.
They degrade starch and related polymers to yield
products characteristic of individual amylolytic
enzymes.

Amylases constitute a class of industrial
enzymes having approximately 25% of the enzyme
market. It is desirable that α-amylases should be
active at high temperatures of gelatinization (100-
110°C) and liquefaction (80-90°C) to economize
processes.

Therefore there has been a need for more
thermophilic and thermostable á-amylases. With the
availability of thermostable enzymes, a number of
new possibilities for industrial processes have
emerged. While the most widely used thermostable
enzymes are the amylases in the starch industry, a
number of other applications are in various stages
of development. Thermostable enzymes isolated
from thermophilic organisms have found a number
of commercial applications because of their overall
inherent stability.
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The spectrum of amylase application has
widened in many other fields, such as clinical,
medical, and analytical chemistries, as well as their
wide spread application in starch sacccharification
and in the textile, food, fermentation, paper, brewing
and distilling industries.

Solid – State Fermentation
SSF is generally defined as the growth of

microorganisms on moist solid substrates with
negligible free water. The solid substrate may
provide only support or both support and nutrition.
SSF constitutes an interesting alternative since the
metabolites so produced are concentrated and
purification procedures are less costly. SSF is
preferred to SmF because of simple technique, low
capital investment, lower levels of catabolite
repression and end- product inhibition, low waste
water output, better product recovery, and high
quality production. Among the different substrates
used for SSF, wheat bran has been reported to
produce promising results. Other substrates such
as sunflower meal, rice husk, cottonseed meal,
soybean meal, and pearl millet and rice bran have
been tried for SSF. SSF technique is generally
confined to the processes involving fungi. However,
successful bacterial growth in SSF is known in many
natural fermentations.

Research on the selection of suitable
substrates for SSF has mainly been centered on
agro industries. The utilization of these agro
industrial wastes, on one hand, provides alternative
substrates and, on the other, helps in solving
pollution problems, which otherwise may cause their
disposal.

MATERIAL AND METHODS

Microorganism
The organism used in the present study is

Bacillus subtilis NCIM 2724, purchased from NCL -
Pune. The culture was routinely maintained in
Nutrient Agar medium.Peptone (10gm/lt), Beef
Extract powder (10gm/lt), NaCl(5gm/lt), Agar
(20gm/lt). Fresh slants are prepared every fortnight
to maintain the culture.

The inoculation was done by adding 2%
of culture broth grown for 24 hrs from slants.

Fermentation conditions
Initial enzyme production was checked

individually using wheat bran and rice bran.
Commercial wheat bran (10gms) and Rice Bran
(10gms) were finely mixed with 10ml of distilled
water in a 250ml Erlenmeyer flask and sterilized at
15lb/in2 for 20min.

After cooling, the flasks were inoculated
with 10% inoculum size. The contents were mixed
thoroughly, incubated at 37°C for 24 hrs, enzyme
is extracted using PBS and assayed for enzyme
activity.
Further optimization of process parameters was
studied using wheat bran and r ice bran as
substrates for solid-state fermentation.

Development of the inoculum, enzyme
production and extraction

For the development of inoculum, culture
was transferred from stock to 100-mL nutrient broth
(Starch 2gm, Beef extract 1gm, Peptone 1gm, NaCl
0.5gm, Distilled water 100ml) and the inoculated
flasks were incubated overnight at (35±2) °C and
150 rpm.

Cells were harvested from the broth and
their absorbance was checked at 660 nm.
Production media contained 10 g of solid substrate
and 10 mL of distilled water 250-mL Erlenmeyer
flasks and were inoculated with the above inoculum.
Inoculated production media were incubated under
static conditions at 35±2°C and enzyme production
was checked after 24 hrs. Enzyme was extracted
in 50 ml of 0.1 M phosphate buffer (pH=7) on a
rotary shaker at 250 rpm for 30 min. The content
was filtered through muslin cloth, filtrate was
centrifuged at 8325 × g for 10 min and clear brown
supernatant was used as the enzyme source.

Extraction of Enzyme
After 24 hrs of incubation, the brans were

mixed with 15ml distilled water (1:1.5 moisture
content) and homogenized by centrifugation at
10,000 rpm for 15min. This yields the supernatant
which is used as a crude enzyme source.

 It can further be purified by partial
purification methods like precipitation by Ammonium
Sulphate and Acetone.
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Analytical Methods
Partial Purification
Ammonium Sulphate Precipitation
´ To 1ml of crude enzyme extract add 1ml of

Tris-HCl Buffer and 2ml of 50% Ammonium
Sulphate and centrifuge at 5000 rpm for
10min.

´ To the pellet add 1ml of Tris-HCl Buffer and
2ml of 60% Ammonium Sulphate and
centrifuge at 5000rpm for 10min.

´ To get the highest purity of enzyme the
concentration of Ammonium Sulphate is
varied from 50% to 80% and repeated.

´ The final pellet is resuspended in 1ml Tris –
HCl Buffer and used as enzyme source.

Acetone Precipitation
´ Cool the required volume of acetone to -

20°C.
´ Place protein sample in acetone-compatible

tube.
´ Add four times the sample volume of cold (-

20°C) acetone to the tube.

Vortex tube and incubate for 60 minutes at -20°C.
´ Centrifuge 10 minutes at 13,000-15,000x g.
´ Decant and properly dispose of the

supernatant, being careful to not dislodge
the protein pellet.

´ Allow the acetone to evaporate from the
uncapped tube at room temperature for 30
minutes. Do not over-dry pellet, or it may not
dissolve properly.

´ Add buffer appropriate for the downstream
process and vortex thoroughly to dissolve
protein pellet.

´ The solution thus obtained is used as
enzyme source for carrying out enzyme
assay.

Enzyme Assay
α -Amylase activity was determined by

incubating a mixture of 0.5 ml of aliquote of each
enzyme source and 1 % soluble starch dissolved in
0.1 M phosphate buffer, pH=7, at 55 °C for 15 min.
The reaction was stopped by adding 1 ml of 3, 5-
dinitrosalicylic acid, and then followed by boiling for
10 min. The final volume was made up to 12 ml
with distilled water and the reducing sugar released
was measured at 540 nm.

One unit (U) of α-amylase activity was
defined as the amount of enzyme that releases 1
µmol of reducing sugar per minute, under assay
conditions and expressed as U/g of dry substrate.

Enzyme activity calculation

micromoles maltose releasedUnits/gm= 15 min
gm enzyme in reaction mixture



Parameters studied on Bacillus subtilis for
Alpha amylase production
Effect of Inoculum size

Inoculum size was varied as 10, 20, 30
and 40 % (volume per mass) of inoculum and
enzyme production was checked using wheat bran
and rice bran as substrate and distilled water as
moistening agent.

Effect of Moisture content
Substrate : moisture ratio was maintained

as 1:1, 1:1.5, 1:2, 1:2.5, 1:3, and 1:3.5 ratios for
10% inoculum size and enzyme production is
checked using wheat bran and rice bran.

Effect of Production time
Enzyme production is observed after

24hrs, 48hrs, and 72hrs using wheat bran and rice
bran as substrates with 10% inoculum size.

Effect of additional nutrients
Carbon sources (0.04 g/g dry substrate)

such as glucose, soluble starch, maltose and
sucrose, and nitrogen sources (0.02 g/g dry
substrate) as casein, yeast extract, peptone and
thiourea were supplemented as individual
components to the production media to check their
effect on enzyme production.

Effect of temperature on enzyme activity
To determine temperature activity profile

for α-amylase, enzyme assay was carried out at
35°C, 55°C, 60°C, 65°C and 75 °C.

Effect of pH on enzyme activity
For determination of suitable pH range for

enzyme activity, assay was carried out by varying
pH of enzyme assay buffer (phosphate buffer 0.1
M) was varied as 5, 6, 7, 8, 9 and 10.
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Effect of substrate concentration on enzyme
activity

Enzyme assay was carried out at different
substrate concentrations 1%, 2%, 3%, 4%, 5%
(starch dissolved in phosphate buffer 0.1M).

Effect of incubation time on enzyme activity
Enzyme assay was carried out at different

incubation time periods 5, 10, 15, 20, 30 min i.e.;
by varying the enzyme-substrate reaction time.

Effect of mutagenesis on enzyme production
Bacillus subtilis was mutated using potent

mutants Ethidium Bromide (5µg/ml) in
concentrations 10µl/ml of inoculum and 20µl/ml of
inoculum, exposed to UV light for 10 min and 20min
respectively and also using Acrylamide(5µg/ml) in
concentrations 10µl/ml of inoculum and 20µl/ml of
inoculum and checked for enzyme activity.

RESULTS AND DISCUSSIONS

Bacillus species are considered to be the
most important sources of á-amylase and have
been used for enzyme production using
SSF.Enzyme production was tested by varying
different cultural parameters and the activity of
amylase was tested by varying different parameters.
Obtained results are as follows.

Effect of substrateon enzyme production
Wheat bran and rice bran were evaluated

for α-amylase production by solid-state
fermentation. Among the two substrates tested,
highest enzyme production was observed with
wheat bran ((94±2) U/g). Maximum enzyme
production observed after 72 h, which decreased
with further incubation for both substrates. The
decrease in enzyme production evident in the
graphs shown (Fig. 2 & 3) below may be due to the
depletion of medium as the microorganisms
consume the nutrients in it.

Effect of inoculum on enzyme production
Varying inoculum size of bacterial cells

during the fermentation, 30 % (volume per mass)
inoculum was found to be as optimum for the
enzyme production. (Fig. 4 & 5) Increase in inoculum
size was found to adversely affect the enzyme
production.

Effect of moisture content on enzyme
production

As the moisture content of the medium
changes during fermentation as a result of
evaporation and metabolic activities, adjusting the
optimum moisture level of substrate during SSF is
therefore most important. During solid-state
fermentation, higher moisture level decreases
porosity, changes wheat bran particle structure,
promotes development of stickiness and lowers
oxygen transfer, whereas lower moisture content
causes reduction in the solubility of nutrients of
the solid substrate, lower degree of swelling and
higher water tension. In the present study, high
enzyme titer was obtained when the substrate:
moisture ratio was maintained as 1:1.5 in
comparison with that of low or high moisture levels.
Maximum a-amylase enzyme production by
thermophilic B. coagulans has been reported using
a high level of moisture at 1:2.5 ratio of substrate:
moisture content (Fig. 6 & 7).

Effect of carbon source supplementation on
enzyme production

Supplementation of carbon sources in the
form of mono-saccharides, disaccharides and
polysaccharides resulted in marginal increase in a-
amylase production by B. subtilis during solid-state
fermentation using wheat bran and rice bran.
Highest production was observed with glucose and
sucrose when supplemented to rice bran and wheat
bran respectively. Bacillus thermooleovorans is
reported to prefer starch, glucose, lactose, maltose
and maltodextrins as carbon sources for a-amylase
secretion. In contrast, carbon sources such as
glucose, maltose and starch did not enhance
α-amylase production by thermophilic B. coagulans
in solid-state fermentation using wheat bran
(Fig. 8 & 9).

Effect of nitrogen source supplementation on
enzyme production

Addition of organic nitrogen sources such
as casein, peptone and thiourea to the medium
resulted in considerable decrease in α -amylase
production by B. subtilis. Supplementation of
additional nitrogen sources in general has been
reported to be inhibitory for   α -amylase production
by microorganisms. But in our study addition of yeast
extract to rice bran and wheat bran enhanced the
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Fig. 1: Production of ααααα-amylase (U/g) by
Bacillus subtilis NCIM 2724

under solid-state fermentation using wheat
bran as substrate
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Fig. 2: Production of ααααα-amylase (U/g) by
Bacillus subtilis NCIM 2724

by solid-state fermentation using rice bran as
substrate
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Fig. 3: Effect of inoculum size on the
production of ααααα-amylase (U/g) by

Bacillus subtilis NCIM 2724 by solid-state
fermentation using wheat bran as substrate
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Fig. 4: Effect of inoculum size on the
production of ααααα-amylase (U/g) by

Bacillus subtilis NCIM 2724 by solid-state
fermentation using rice bran as substrate
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Fig. 6: Effect of moisture content on the
production of ααααα-amylase(U/g) by

Bacillus subtilis NCIM 2724 using solid-state
fermentation using rice bran as substrate
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Fig. 5: Effect of moisture content on the
production of ααααα-amylase (U/g) by Bacillus

subtilis NCIM 2724 using solid-state
fermentation using wheat bran as substrate
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Fig. 7: Effect of carbon source
supplementation (0.04g/g) on the production
of ααααα - amylase (U/g) by Bacillus subtilis NCIM

2724 using solid-state fermentation using
wheat bran as substrate
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Fig. 8: Effect of carbon source
supplementation (0.04g/g) on the production
of ααααα-amylase (U/g) by Bacillus subtilis NCIM

2724 using solid-state fermentation using rice
bran as substrate
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Fig. 10: Effect of nitrogen source
supplementation (0.02g/g) on the production
of ααααα-amylase (U/g) by Bacillus subtilis NCIM

2724 using solid-state fermentation using rice
bran as substrate
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Fig. 9: Effect of nitrogen source
supplementation (0.02g/g) on the production
of ααααα-amylase (U/g) by Bacillus subtilis NCIM

2724 using solid-state fermentation using
wheat bran as substrate

Fig. 11: Effect of substrate concentration on
the activity of amylase from Bacillus subtilis

NCIM 2724 under solid-state fermentation
using wheat bran as substrate

Fig. 12: Effect of substrate concentration on
the activity of amylase from

Bacillus subtilis NCIM 2724 under solid-state
fermentation using rice bran as substrate
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Fig. 13: Effect of pH on the activity of amylase
from Bacillus subtilis

NCIM 2724 by solid-state fermentation using
wheat bran as substrate
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Fig.14: Effect of pH on the activity of amylase
from Bacillus subtilis

NCIM 2724 by solid-state fermentation using
rice bran as substrate
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Fig. 15: Effect of incubation temperature on
the activity of amylase from Bacillus subtilis

NCIM 2724 using solid-state fermentation
using wheat bran as substrate

 

0

20

40

60

80

100

25 35 45 55 65 75
Temperature( 0C)

E
n

zy
m

e
 a

c
ti

v
it

y
/(

U
/g

)

Fig. 16: Effect of incubation temperature on
the activity of amylase from Bacillus subtilis

NCIM 2724 under solid-state fermentation
using rice bran as substrate
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Fig.17: Effect of incubation temperature on
the activity of amylase from Bacillus subtilis

NCIM 2724 using solid-state fermentation
using wheat bran as substrate
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Fig.18: Effect of incubation temperature on
the activity of amylase from Bacillus subtilis

NCIM 2724 using solid-state fermentation
using rice bran as substrate
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enzyme production. Presence of organic nitrogen
sources, urea and peptone, has been reported to
enhance α-amylase enzyme production by
Aspergillus niger in wheat bran containing solid
substrate medium, but inorganic nitrogen source,
ammonium chloride, repressed enzyme production.
Decrease in α-amylase enzyme production during
solid-state fermentation when using organic nitrogen
sources like casein, gelatin and soy meal as medium
supplements has been reported. (Fig 10 & 11)

Effect of substrate concentration on enzyme
production

Enzyme activity was observed at different
substrate concentrations. There was a drastic
increase in the enzyme activity with increase in
starch concentration from 1.0 to 3.0%. Further
increase in substrate concentration has shown
decrease in enzyme activity. (Fig 12 & 13)

Effect of pH on enzyme production
Maximum enzyme activity was observed

at pH 8.0. Further increase in pH has shown
decrease in amylase activity. α-amylase of Bacillus
sp. AS-1 is reported to have pH optimum at pH=6.5
and 98 % peak activity at pH=6 and 7. (Fig 14 &
15)

 

0

20

40

60

80

100

control EB UV Acrylamide

Mutating Agents

E
n

zy
m

e
 

p
ro

d
u

c
ti

o
n

/(
U

/g
)

Fig. 20: Production amylase by mutated
strains of Bacillus subtilis

NCIM 2724 under solid-state fermentation
using rice bran as substrate
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Fig. 19: Production amylase by mutated
strains of Bacillus subtilis

NCIM 2724 under solid-state fermentation
using wheat bran as substrate

Effect of temperature on enzyme production
As starch liquefaction is generally carried

out at higher temperatures of 70–90 °C, the
thermostable α-amylases are of great significance
(19). In this study α -amylase produced by B.subtilis
showed considerable enzyme activity in the ranges
from lower to higher temperature. At 60°C high
enzyme activity was observed.

Effect of time interval on enzyme production
Enzyme activity was observed at different

time periods. The time required for the enzyme to
degrade starch was studied. Enzyme has shown
highest activity when the incubation time is 15
minutes. Increase in incubation period has shown
no increase in the activity of enzyme. Enzyme
activity is constant after 15 min time of incubation.
(Fig 18 &19)

Effect of mutants on enzyme production
The mutated bacillus species were tested

for enzyme production in rice bran and wheat bran.
The mutated bacillus species resulting from
mutation by acrylamide (5mg/ml for 10% inoculum)
has shown increased amylase production than the
original strain.
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