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Abstract
In the present work, Bacillus subtilis SDP1 α-amylase
was immobilized in alginate beads using entrapment
and physical adsorption methods. Immobilized SDP1
α-amylase in alginate beads was used to hydrolyze
soluble starch and potato, wheat and maize starch.
Optimum temperature and pH of immobilized
enzyme were determined and compared to free
enzyme. Physical adsorption technique gave the
better efficiency than entrapment technique for
SDP1 α-amylase. However, immobilization did not
affect optimum temperature (60°C) and pH (7.0)
of free enzyme, immobilization of SDP1 amylase
change composition of hydrolysis products. The
results showed that immobilized SDP1 α-amylase
synthesized maltoriose and maltose after starch
hydrolysis and maltotriose converted to maltose and
glucose during the hydrolyze proceeded. Since the
starch hydrolysis process was carried out at 25°C,
production of maltose and glucose from starch
using immobilized SDP1 amylase was successfully
applied, this technique and its hydrolysis products
can be used in food industry.
Keywords: Bacillus subtilis; SDP1; α-amylase;
Immobilization; Calcium alginate; Starch hydrolysis.
1. Introduction
Starch is one of main carbohydrates synthesized by
plants in plastids as a result of photosynthesis and a
major storage product of many economical important
plants [1-3]. It often consists of two molecular
entities, namely; amylose and amylopectin. Amylose
is a linear molecule and comprise of 500-600 glucose
units which is linked by 1-4 glycosidic linkages [4,5].
Glycosidic bonds between glucose units tend to be
angled and that gives amylose a helix function. Two
amylose molecules form a double helix structure
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with hydrogen bonds [6]. Amylopectin is the largest
molecule in the nature and the number of glucose
unit in amylopectin is from 2,000 to 2,00,000. It has
a cluster like organization which consists of short 1-4
linked linear chains of 10-60 glucose units and 1-6
linked side chains with 15-45 glucose units [7,8].
Amylases are the starch degrading enzymes and
they have a great significance in biotechnology with
applications ranging from food, baking, brewing,
fermentation, detergent applications, and textile
resizing and paper industries to analysis in medicinal
and clinical chemistry [9-11]. Alpha-amylases (EC
3.2.1.1) are belong to hydrolytic endo-enzymes and
they hydrolyze starch molecules from 1-4-glycosidic
bonds presents in inner part long chain carbohydrates
randomly, ultimately yielding maltotriose (G3) and
maltose (G2) from amylose, limited dextrin and
glucose (G1) from amylopectin [12]. Alpha-amylases
are one of the mostly used enzymes around the
world for different purpose and they represent
approximately 30% of the world enzyme market
share [13]. They can be produced by nearly all living
organisms but for industrial applications bacterial
amylases, especially produced from Bacillus genus,
are mostly used. After hydrolysis any molecule which
may occur can be used in different industries.
In these hydrolytic products Maltooligosaccharides
(MOS) are the most important ones. MOSs
are the macromolecules which formed of 2-10
D-glycopranose units linked by alpha-1,4-glycosidic
bonds [14,15] and there is a great interest about
MOSs around the world because of their ability to
use in food and pharmaceutical industries as coating
agents, viscosity providers, floor carries, sweetener
and crystallization inhibitors [16]. Nominally, in baking
industry, crystallization of starch in dough causes
retrogradation process of bread. To prevent retro
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gradation of bread maltotriose (G3), maltotetrose
(G4) and maltopentose (G5) are commonly used as
an antifoaming agent [17]. Besides of all, to prevent
stalling of bread and to prolong shelf life of the products
maltose (G2) use had been shown more beneficial
because of its smaller size and ability to diffuse easily
[15]. The discoveries of maltooligosaccharides have
30% less sweetness than sugar and compared to
corn syrup, their usability in producing functional
foods gains importance. Probiotic features of
MOSs are frequently investigated in recent days.
In literature, it was shown that MOSs increase the
number of Bifidobacteria in human colon owing to
absorption of MOSs in the small intestine without
reaching the colon intact. Also, they decrease the
level of putrefactive bacteria such as Clostridium
perfringers and Enterobacteriaceace [18].
Besides MOS, maltose is usually produced during
starch hydrolysis. Because of its low viscosity,
colorless feature and mild sweetness, maltose is also
widely used in food and pharmaceutical industry.
Purified maltose from maltose syrups is also used in
different industrial applications such as manufacture
of antibiotics, vaccines [19]. Another important
product of complete hydrolysis of starch is glucose.
Since glucose is the main carbon source for sugar
metabolism in living organisms and it is used as a
carbon source for many fermentation processes to
produce biomaterials, it is very crucial to produce
glucose at the end of starch hydrolysis.
The use of enzyme in a free form is very expensive,
because the enzyme can be used only one time
and cannot be recovered from the reaction medium
easily at the end of the reaction. A lack of availability
of the enzyme and limited stability under operational
conditions affects the expenditures [20,21]. Around
62.2$ million are spent in each year for the starch
refining industry [22]. To overcome all that limitations
and reduce production cost, enzyme immobilization
is used. It can be defined as the attachment of free
or soluble enzyme to different types of support or
incorporated onto/into an inert, insoluble material
resulting in reduction or loss of mobility of the
enzyme [23-25]. Two things are very important in
immobilization process; a carrier and the enzyme.
Support material can be organic or inorganic but it
has to be hydrophilic, inertness towards enzymes
ease of derivation, biocompatible, resistance to
microbial attack with physical resistance and low
cost. Depending on the enzyme characteristic,
immobilization method and appropriate support
material can be chosen. According to UPAC,
immobilization techniques fall into 4 four categories;
i) covalent bonding, ii) intramolecular cross-linking,
iii) adsorption, iv) entrapment [26].
ISSN 1860-3122

Immobilization by covalent bonding technique
based on the covalent bonds between available
functional groups on carrier surface and amino group
of the enzyme [27,28]. During immobilization by
entrapment, no reaction occurs between support and
enzyme, but a crossed linked polymeric network is
formed around the enzyme [29,30]. Both techniques
have advantages and disadvantages according to
enzyme characteristic and reaction conditions. The
alpha-amylase enzyme that studied in this work
obtained from Bacillus subtilis SDP1 which was
isolated from the rhizosphere of Acacia cyanophlla
Lindey from Cukurova region of Turkey. This enzyme
has 61 kDa molecular weight, does not require
Ca2+ for activity, works ranging from 5.0 to 9.0 pH
and optimum at 60°C. The aim of this work was to
characterize immobilized SDP1 amylase on alginate
beads and determine the product profile of different
starch hydrolyzed by immobilized α-amylase from B.
subtilis SDP1.

2. Material and Method
2.1 Preparation
immobilization

of

alginate

beads

and

Immobilization of SDP1 alpha-amylase on alginate
beads was performed by using entrapment and
physical adsorption techniques according to
methods described by Singh et al. [31]. To perform
entrapment technique, an equal volume of enzyme
solution and sodium alginate solution were mixed
to obtain final alginate concentration in the mixture
ranged of 2% (w/v). The mixture was then extruded
drop wise through a syringe (0.80 x 38.0 mm) into
2% (w/v) CaCl2 solution with a gently stirred. After
beads occurred, they stored at 4°C in 6 mM CaCl2
solution. For physical adsorption, the alginate beads
were prepared with the same method mentioned
above. In this work, 2%, 3%, 4% and 5% (w/v)
alginate solutions were prepared and compared to
their ability to binding amylase enzyme. In this work
alginate-enzyme ratio was used as 2:1. Enzyme
solution was mixed with alginate beads with 2:1
alginate-enzyme ratio and incubated at 25°C for 30
minutes for immobilization. After incubation, beads
were removed and washed several times to remove
unbound enzyme.
In order to determine the immobilization efficiency, the
following equation was used and the immobilization
efficiency was defined here as the amount of enzyme
bound to matrix.
Immobilization Efficiency (%) =
(EoVo-EfVf) / (EoVo) x 100

(1)

Where Eo: The initial amylase activity (IU/ml); Ef: The
amylase activity (IU/ml) after immobilization; Vo: The
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initial volume of amylase solution (ml) and Vf: The
volume of filtrate (ml)

(5:95, v/v) was sprayed the layers and incubated at
120°C for 10 minutes to make the spots visual.

2.2 Enzyme assay for immobilized SDP-1 amylase

3. Result and Discussion

The immobilized α-amylase activity was determined
by measuring the reducing sugar released from
soluble starch [32,33] using the method specified
by Miller [34]. To determine the immobilized enzyme
activity, 1 g immobilized alginate beads were mixed
with 1% (w/v) 900 μl starch solution prepared using
phosphate buffer (20 mM, pH 7.0). The mixture
was incubated at 50°C for 10 min, then alginate
beads were removed from solution and the amount
of maltose produced from starch hydrolysis was
determined by the dinitrosalicylic method (DNS). In
this procedure, maltose was used as a standard.
One unit of enzyme activity was defined as the
amount of enzyme liberating 1 µml of reducing sugar
per minute from soluble starch at 50°C and pH 7.0.
All activity assays were carried out in triplicate.
Standard deviation did not exceed 5% of the average
values. The Coomassie Blue Dye Binding method
was used for the protein determination with bovine
serum albumin (BSA) as standard [35].

In our previous work [36], it was reported that
hydrolysis of soluble starch using native SDP1
amylase resulted in the production of maltose,
maltotriose and maltotetraose. Although, similar
pattern was observed with wheat starch hydrolysis,
maltose was the major hydrolysis products when
we used wheat starch as a raw material. Therefore,
SDP1 amylase could be used to produce maltose
besides maltotriose and maltotetraose. In addition to
production of MOS and maltose, calcium independent
nature and moderate temperature stability make
Bacillus SDP1 amylase as a promising candidate for
food industry.

2.3 Determination of optimum temperature and
pH of immobilized SDP1 amylase
Optimum temperature was determined by assaying
activity in the temperature between 25°C and
80°C. The temperature at which maximum activity
was observed was taken as 100% and relative
activities at different temperatures were calculated.
The effect of pH on immobilized α-amylase activity
was investigated by measuring the enzyme activity
in reaction mixtures at different pH values range
between ‘pH 3.0 to 10.0’ using 20 mM Glycine-HCl
buffer for pH 3.00-4.00, 20 mM Sodium acetate buffer
for pH 5.00-6.00, 20 mM Potassium phosphate buffer
for pH 7.00-8.00 and 20 mM Tris-HCl buffer for 9.0010.00. The pH value at which maximum activity was
obtained was taken as 100% and relative activities at
different pH were calculated.
2.4 Determination of the hydrolytic products
Thin Layer Chromatography (TLC) was used to
determine hydrolytic end products of different starch
sources as corn, potato, wheat and chemically soluble
starch. Starch solutions were prepared with 1% (w/v)
in 20 mM phosphate buffer, pH 7.0. Immobilized
alginate beads and the substrate mixtures were
incubated at 25°C at different time intervals (30 min
to 5 hours). Hydrolytic products were spotted on
TLC silica gel plates (60 F254, 20 x 20 cm, Merck,
Darmstadt, Germany) and were run into solvent
system which include chloroform/acetic acid/water
within the ratio as 60:70:10. H2SO4/ethanol mixture
ISSN 1860-3122

In
these
industries,
hydrolysis
processes
economically become more viable, when amylase
enzyme can be reused via immobilization [37].
Different immobilization methods can be used for
enzyme immobilization. One of the immobilization
methods is entrapment method which prevents loss
of enzyme activity after immobilization. Moreover,
entrapment methods protect process from microbial
contamination and increase the enzyme stability.
Another immobilization technique is physical
adsorption and comparing to other techniques, it
is relatively easy, rapid and safe technique [38].
Therefore, we attempted to immobilize SDP1
amylase by entrapment and physical adsorption in
alginate beads.
3.1 Immobilization
In order to determine the amount of enzyme bound
to matrix, binding efficiency of entrapment and
physical adsorption methods are calculated and
compared. According to results, it was observed that
immobilization of SDP1 amylase was not successfully
held by entrapment technique. After several washes,
almost all the entrapment beads released the
enzyme in the core. In this step, lower immobilization
yield in entrapment method could be explained with
the problem in the size of alginate bead pores. While
enzyme should retain in the gel, the substrate and
end-products also should be small enough to pass
through the pores of alginate gel matrix. Therefore,
at this point, larger pores could have caused larger
leakage of the enzyme from gel and products could
not have diffuse out of the gel properly [38,39].
On the other hand, physical adsorption showed a much
better ability to retain enzyme after washing series
compared to entrapment technique. For physical
adsorption, immobilization efficiency was calculated
as %50. In physical adsorption, the binding forces
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between the enzyme and the matrix were strong
comparing with entrapment techniques. To determine
the best alginate concentration for SDP1 α-amylase,
activity of alginate beads prepared using different
alginate concentrations were determined and relative
activities were calculated. As shown in Figure 1,

Figure 2. Optimum temperatures of alginate beads which
has 2% alginate concentrations.

Figure 1. The effect of alginate concentration on physical
adsorption.

comparing to other alginate concentrations, alginate
beads having 2% alginate has highest amylase
activity. Increasing alginate concentration in alginate
beads caused to decrease in SDP1 amylase activity.
The results indicate that increasing the concentration
rate of alginate caused to reduction of surface pores
and obstructed the amylases on the surface of
beads. In the literature, 2% and 3% concentration
rates are the mostly chosen ones [20,40]. Therefore,
we selected 2% alginate concentration for further
studies. Decrease in activity with increasing alginate
concentration could be explained by the excessive
packing of the enzyme, which renders their active
sites less accessible to the substrate [31].
In order to find the best conditions for physical
adsorption, SDP1 amylase was incubated with
alginate beads at different time intervals (30 min, 1,
2, 4 and 8 hours). After certain incubation periods,
not only the activity of immobilized enzyme was
determined but also immobilization efficiencies
were calculated. Incubation period did not affect the
efficiency of physical adsorption. The immobilization
efficiency ranged from 51% to 55%. According to
these results, 30 min incubation time was chosen for
further investigations.
3.2 Properties of immobilized SDP1 amylase
The optimum temperatures of SDP1 amylase were
not affected by physical adsorption. The similar
optimum temperature with native enzyme as 60°C
was determined (Figure 2). Immobilized SDP1
amylase showed activity in the pH range of 3.0 to 9.0
with its optimum at pH 7.0 (Figure 3). However, the
relative activity of immobilized SDP1 amylase was
92% and 94% at pH 5.0 and 6.0. This range a little
ISSN 1860-3122

Figure 3. Optimum pH of immobilized enzyme which has
2% alginate concentrations.

bit wider than native SDP1 α-amylase and also the
beads performed their higher enzymatic activities in
acidic conditions as shown in the Figure 3.
3.3 Hydrolysis of different
immobilized SDP1 amylase

starch

using

Immobilized SDP1 amylase was used in the hydrolysis
of soluble starch, wheat, potato and maize starch.
It can be seen from Figure 4(A), hydrolysis product
from soluble starch with immobilized SDP1 amylase
at 25°C were glucose, maltose and maltotriose.
As seen from the Figure 4(A), immobilized SDP1
amylase initially produced maltose, maltotriose
and small amount of glucose. Increasing hydrolysis
period caused to increase maltose and glucose while
maltotriose from soluble starch was decreased. The
end product profiles of soluble starch hydrolysis were
determined as maltose and glucose. The formation
of maltotriose by immobilized SDP1 amylase was
decreased during the prolonged incubation period.
The product distribution obtained from soluble starch
by immobilized enzyme was different from product
obtained from soluble starch by free SDP1 enzyme
[36]. Free amylase from Bacillus subtilis SDP1 did
not produce glucose from soluble starch, however
immobilized SDP1 amylase produced glucose from
soluble starch.
In literature, the end products of starch hydrolysis
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via the action of amylase were illustrated as glucose
and maltose by thin-layer chromatographic analysis
on silica gel plates [41]. The hydrolysis products
as maltose and maltotriose were obtained with the
potato starch by immobilized SDP1 amylase (Figure
4B). Both maltose and maltotriose formation were
increased with time and at the end of 5 h, glucose
formation was also observed. The immobilized SDP1
amylase did not hydrolyze maize starch (Figure 4C)
and wheat starch (Figure 4D) efficiently compared
to the soluble starch and potato starch. Immobilized
SDP1 amylase mostly produced maltose from maize
and wheat starch. In our previous work, the hydrolysis
products of the wheat starch with free SDP1 amylase
was maltose [36]. Similar results were obtained with
immobilized SDP1 amylase (Figure 4D). Moreover,
maltose produced using immobilized SDP1 amylase
appeared at the first 30 min and remained quite
stable during prolonged hydrolysis (5 h). In addition
to maltose, glucose was also observed in the early
stage of wheat starch hydrolysis (Figure 4).

4. Conclusion
Within the scope of this work, immobilized SDP1
α-amylase was used to hydrolyze soluble starch
and wheat, potato and maize starch. Physical
adsorption technique gave the better efficiency than
entrapment technique for SDP1 α-amylase. On the
other hand, physical adsorption of SDP1 amylase
on alginate beads did not change the optimum pH
and temperature of SDP1 amylase. However, free
and immobilized SDP1 amylase showed different
products of starch hydrolysis. As stated in TLC
results, immobilized SDP1 α-amylase formed
maltoriose and maltose mostly after starch hydrolysis
and it was seen that maltotriose converted to maltose
and glucose during the hydrolyze proceeded. At
this point, maltooligosaccharide composition of the
immobilized SDP1 amylase was different from free
enzyme. Maltose and maltotriose were produced by
free enzyme while maltose and glucose on served by
immobilized enzyme. Since, maltose is very important
additive for foods as a sweetener and preservative,
glucose was used for glucose syrup production and

Figure 4. Thin layered chromatography analysis of the main hydrolysis products of soluble starch (A) potato starch
(B) maize starch (C) wheat starch (D) wheat starch at 25°C. Where G1: Glucose, G2: Maltose; G3: Maltotriose; G4:
maltotetraose.
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used as raw materials for fermentation processes,
immobilized form of the enzyme can be successfully
used in food industry.

of novel maltooligosaccharide-producing amylases
as antistaling agents for bread. J Agricult and Food
Chem. 46: 779-782.
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