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ABSTRACT

The present study is concerned with production of α-amylase by strains of Bacillus subtilis S5 (3).
The fermentation was carried out by continuous shaking containing 25mL of medium in 250 mL
Erlenmeyer flask. The maximum production of the enzyme was optimized at pH 7.5, while incubation
temperature investigated was 42°C. The production of enzyme was obtained maximum at 48 hrs after
incubation.

INTRODUCTION

Bacillus subtilis is one of the most widely used bacteria for
production of enzymes (Alexander 1977). Amylases are the
most important enzymes used in biotechnology, particu-
larly in process involving starch hydrolysis. α-amylase, an
extracellular enzyme degrade α, 1-4 glucosidic linkages of
starch and related substrates in an endofasion producing
oligosaccharides including maltose, glucose and α limit
dextrin (Calik & Ozdanar 2001). Amylases are extensively
used in brewing, baking and textile industries. Their broad
application make amylases a major product in the enzymes
market and has led to the characterization of a large variety
of these enzymes (Vieille et al. 2000).

Microorganisms like fungi and bacteria have been ex-
tensively screened for α-amylase production (Ivanova et
al. 2001). But the Bacillus species such as Bacillus subtilis,
Bacillus licheniformis and Bacillus sterothermophilus can
be used for better production of α-amylase in shake flask
(Mamo & Gessess 1999). The production of amylase is
dependent on the strains, compositions of media, methods
of cultivation, cell growth, nutrient requirement, metal ions,
pH, temperature, time of incubation and thermo stability.
The effect of temperature on relative activity of α-amylase
from Bacillus subtilis was optimized between 60°-70°C
for maximum activity (Kim et al. 1995). The production
and stability of the enzyme is very sensitive to pH 4.5-
10.5 and incubation temperature (Nadia Riaz et al. 2003).
Ivanova et al. (1993) observed that α-amylase obtained
from Bacillus subtilis was stable at pH 6.5-8.0 and incuba-
tion temperature of 40°C. The aim of present study is iso-
lation and characterization of α-amylase producing
Bacillus subtilis.

MATERIALS AND METHODS

Collection of sample: For the isolation of Bacillus subtilis,
total 24 soil samples were collected from the soil of Shegaon,
Maharashtra.
Isolation of Bacillus subtilis: Isolation of Bacillus subtilis
was carried out by using starch agar. Replica plating tech-
nique was used for transfer of colonies from starch agar to
nutrient agar. Plates of starch agar were treated with iodine.
Colonies, which showed the zone of starch solubilization,
were selected for further study. Isolates were identified ac-
cording to various biochemical characterizations. Out of 14
strains, 6 different strains of Bacillus subtilis showed high-
est zone of starch solubilization of which only one strain
S5(3) was selected for further study, which showed zone of
starch solubilization (35mm).
Inoculum preparation: Vegetative inoculum was used in
present studies, which was prepared according to the method
of Haq et al. (1998).
Fermentation technique: The fermentation was carried out
in 250 mL Erlenmeyer flask. Fifty mL of the fermentation
medium containing (g/L) starch 20.0, lactose 10.0, nutrient
broth 15.0, (NH4)2SO4 5.0, CaCl2 2.0, NaCl 2.0 in 1000 mL
of phosphate buffer (pH 7.5) was transferred to 250 mL cot-
ton plugged Erlenmeyer flask. The flasks were sterilized in
the autoclave at 121°C and 15 lbs pressure and then cooled
at room temperature. One mL of vegetative bacterial inocu-
lum (24 h old) was transferred to each flask. The flasks were
then placed in the rotary incubator shaker (200 rpm) at 40°C
for 48 h. The fermented broth was centrifuged at 5000 rpm
for 15 min.
Enzyme assay: α-amylase estimation was carried out
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according to the method of Fisher & Stein (1961). The en-
zyme solution at pH 7.5 was incubated at 60°C using 1%
soluble starch solution. The reducing sugars were measured
by adding 3, 5-dinitro salicylic acid reagent, boiling for 5
min, cooling and measuring the optical density at 546 nm
against maltose as standard. The amylase activity was de-
termined in IU/mL/min by applying the following formula
(Haq et al. 2002).

                           Activity of enzyme × 1000
IU/mL/min =   ––––––––––––––––––––––––––

                       Molecular wt. of maltose × time
                                       of incubation

RESULTS AND DISCUSSION

Effect of incubation temperature: The data given in Fig. 1
show the effect of different incubation temperatures on the
production of α-amylase by B. subtilis S5 (3). The fermenta-
tion was carried out at 30, 35, 40, 45, 50, 55 or 60°C in
rotary incubator shaker. The maximum production of α-
amylase was obtained at 42°C (545 IU/mL/min). As the in-
cubation temperature was increased, the production of the
enzyme was decreased. The production of the enzyme was
greatly inhibited at 30°C (291 IU/mL/min). Thus the incu-
bation temperature 42°C was selected for maximum pro-
duction of enzyme.

Rate of α-amylase fermentation: Fig. 2 shows the time
course of α-amylase fermentation by Bacillus subtilis S5(3)
in shake flask. The culture was incubated at 42°C for differ-
ent intervals of time (0-72 h). The production of enzyme
was reached maximum (535 IU/mL/min) at 48 h after in-
oculation. Further increase in incubation period, however,
did not show any significant increase in enzyme produc-
tion, rather it decreased. Thus, optimum time of enzyme
synthesis was found to be 48 h after inoculation.
Effect of different inoculum sizes: Fig. 3 shows the effect of
different size of inoculum on the production of α-amylase
by B. subtilis S5 (3) in shake flask. The vegetative inoculum
at the level of 1-8% was studied for the production of en-
zyme. The maximum production of enzyme was obtained at
5% level of inoculum. As the level of inoculum was in-
creased, the production of the enzyme was decreased. At
low level of inoculum the production of enzyme was insig-
nificant. Thus, the inoculum level of 5.0% (v/v) was found
optimum for fermentation.
Effect of different volumes of medium: Table 1 and Fig. 4
shows the effect of different volumes of the basal medium
on the production of α-amylase by B. subtilis S5 (3). The
level of fermentation medium such as 15, 20, 25, 30, 35, 40,
45, 50 or 55 mL was investigated in 30 mL conical flask.
The maximum production of α-amylase (471 IU/mL/min)
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Fig. 1: Effect of different temperatures on production of alpha-
amylase by Bacillus subtilis S5(3) (pH = 7.5, incubation time period =
48 hr).

Fig. 2: Rate of alpha-amylase fermentation by Bacillus subtilis S5(3)
(pH = 7.5, incubation time period = 48 hr, incubation temperature =
40°C).
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Fig. 3: Effect of different inoculum sizes on production of alpha-
amylase by Bacillus subtilis S5(3) (pH = 7.5, incubation temperature
= 42°C, incubation time period = 48 hr).
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Fig. 4: Effect of different volumes of medium on production of alpha-
amylase by Bacillus subtilis S5(3).
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medium were insufficient to overcome the growth of organ-
ism. Hence, the production of the enzyme was also decreased.
At low inoculum level, growth of the organism might be
reduced and time of organism to enter the stationary phase
became increased.

In the present study, different volumes of the fermenta-
tion medium (15-55 mL) were evaluated in 250 mL conical
flasks. The maximum production of enzyme was obtained
at 30 mL of the fermentation medium. As the volume of the
medium was increased, the production of enzyme was de-
creased. It might be due to the reduction in agitation rate of
medium, decrease in air supply and subsequently enzyme
production. At low concentration of fermentation medium,
the production of enzyme was also decreased. It might be
due to the nutrients present in the fermentation medium
were not sufficient for the growth of bacteria. The hydro-
lytic action of α-amylase is greatly effected by pH. The
different pH values (4-8) of starch solution were tested for
the activity of α-amylase. The maximum activity of the en-
zyme was obtained at slightly alkaline pH of 7.5. At acidic
pH, the results were extremely low. It might be due to the
enzyme became inactive in the acidic medium (Anyangwa
et al. 1993, Castro et al. 1993).
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was observed in the flask containing 30 mL of the fermenta-
tion medium. As the volume of fermented medium was in-
creased, the production of the enzyme was decreased gradu-
ally. At low level of the volume of fermentation medium the
production of the enzyme was insignificant. However, 30
mL volume of fermentation medium was optimized for the
production of α-amylase.
Effect of pH on the activity of enzyme: Fig. 5 shows the
effect of initial pH of reaction mixture (enzyme substrate
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ity of enzyme was gradually increased and found maximum
at pH 7.5 (547 IU/mL/min). Further increase in the initial
pH resulted in decrease of the activity of α-amylase. How-
ever, the pH of reaction mixture for the hydrolysis of starch
was found to be optimum at 7.5.

The production and stability of α-amylase depends upon
temperature. In the present study, the fermentation was car-
ried out at different incubation temperatures. The maximum
production of the enzyme was observed at 42°C. Biosyn-
thesis of α-amylase was significantly decreased with the
increase in the incubation temperature beyond 42°C. It might
be due to that at high temperature, the growth of the bacte-
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also prohibited (Haq et al. 1997, Chengyi et al. 1999). In
the present study, the rate of enzyme was increased with the
increase in the fermentation period and reached maximum
48 h after inoculation. It might be due to the organism en-
tered in the incubation period resulted in the decreased pro-
duction of α-amylase. It may be due to the accumulation of
other byproducts in the fermentation medium. The size of
inoculum has marked effect on the growth of bacteria and
biosynthesis of α-amylase as reported by Allan et al. (1996).
In the present study, the effect of different inoculum size
was tested for enzyme activity. Among all the inoculum
sizes tested, 5% inoculum was found sufficient for the pro-
duction of enzyme. As the inoculum size was increased, the
production of enzyme was decreased. It might be due to
increase in the inoculum size, the growth of the organism
was significantly increased. The nutrients present in the
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