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ABSTRACT α-Amylase immobilization was carried out by entrapment in calcium alginate beads. The conditions of entrap-
ment such as  concentration of sodium alginate, calcium chloride and curing time were optimized for maximum 

apparent activity. 4% (w/v) Sodium alginate, 1M calcium chloride and 2 h curing time were used and 85% immobilization yield of α-amylase 
was obtained. The suitability of the support and technique for the immobilization of amylase was evaluated by estimating the enzyme activ-
ity, immobilization efficiency, stability at various temperatures and pH. The Michaelis constant, was estimated for both immobilized and 
free enzymes. Immobilized alginate-amylase had a higher Km (2.54 mM) than that of the free  enzyme (1.12mM). It was evident that after 
immobilization, substrate affinity of α-amylase was decreased.  

INTRODUCTION
Amylases are one of the main enzymes used in industry. They 
can be obtained from several sources such as plants animals 
and microorganisms. α-Amylases are widely used in various  
industrial applications such as production of ethanol, starch 
liquefaction, detergents, desizing of textile, modified starches, 
paper recycling [1]. α-Amylases (EC 3.2.1.1) are metalloenzymes 
that catalyses the hydrolysis of internal α-1,4-glycosidic linkages 
in starch to  glucose, maltose and maltotriose units [2-4]. Pre-
viously, starch was hydrolyzed into glucose by acid hydrolysis. 
But this method has drawbacks like the operating conditions 
are of highly acidic nature and high temperatures. These limita-
tions are overcome by enzyme hydrolysis of starch to yield high 
fructose syrup. Immobilization allows for easy separation of the 
enzyme from the starch hydrolysis products which can save the 
enzyme, labor, and overhead cost [5]. Calcium alginate beads 
are widely used in enzyme immobilization because the gel for-
mation occurs at mild conditions and poses no risk of harm to 
humans. Several efforts have been taken to immobilize α-am-
ylase by binding it to solid carriers [6-17]. Entrapment is taken 
as the most preferable method because it prevents excessive 
loss of enzyme activity after immobilization, increases enzyme 
stability in microenvironment of matrix, protects enzyme from 
microbial contamination [18]. Physical entrapment of alpha-am-
ylase in calcium alginate beads has shown to be a relatively easy, 
rapid and safe technique [19] in comparison with other immo-
bilization methods. Entrapment requires that the immobilized 
enzyme should be a large enough molecule to be kept inside 
the gel matrix but the substrate and product should be small 
enough to pass through the pores of the gel.

The present study deals with the immobilization of  α-amylase 
(Diastase) by entrapment in calcium alginate gel beads. The con-
ditions of entrapment such as concentration of sodium alginate, 
calcium chloride and curing time were optimized for maximum 
apparent activity.          Immobilized α-amylase was character-
ized in terms of optimum temperature, pH and Km and com-
pared with those of free α-amylase.    

MATERIALS AND METHODS
α-Amylase (Diastase), sodium alginate, calcium chloride, starch 
and DNS (3,5-Dinitrosalycyclic acid) were procured from Hime-
dia laboratories (Mumbai). All  the other chemicals used were of 
analytical grade. 

Preparation of enzyme solution
α-Amylase (Diastase) was added to 0.1 M sodium phosphate buf-
fer (pH 7.0) to the concentration of 1 mg/ml. This enzyme stock 
solution was stored at 4°C for further studies.

Immobilization of amylase
Sodium  alginate of varying concentrations  (1.0-5.0% w/v)   
were used for preparing beads and the most appropriate concen-

tration was taken for subsequent studies. The stock solution of 
alginate in 0.05M sodium phosphate buffer (pH 7.0) was pre-
pared by warming at 50°C. After cooling down to room tem-
perature,1ml of enzyme stock solution was mixed with 9 ml of 
sodium alginate solution (the total volume of matrix and enzyme 
mixture being 10 ml). The mixture was taken into  a syringe, 
and beads were formed by dropping the polymer solution from 
a height of approximate 20 cm into an excess (100 ml) of stirred 
1M CaCl2  at 4°C for 2 h. As soon as the drop falls the free en-
zyme is entrapped in a cage of calcium alginate in the shape of 
a bead. Beads of calcium alginate with entrapped enzyme were 
thoroughly washed with distilled water and were stored in sus-
pended buffer at 4 0 C for further studies. These were subse-
quently used for the starch hydrolysis reaction. The filtered 
calcium chloride solution was collected for enzyme activity de-
termination.

Amylase assay
The α-amylase activity was determined using starch as a sub-
strate. The amount of reducing sugar (estimated as maltose) re-
leased was measured using 3, 5-dinitrosalicylic acid [20]. In this 
study, the reaction mixture containing 2.5 mL of starch (1.5% 
w/v)  solution in phosphate  buffer (0.1M  6.5 pH) and 0.5 mL 
of enzyme solution were incubated at 37 0C. Enzymatic reaction 
was stopped with 0.5 mL of DNS reagent after 10 minutes in-
cubation and  absorbance was measured at 540 nm spectropho-
tometerically. One unit (U) of enzyme activity is defined as the 
amount of enzyme required to release 1μmol of reducing sugar 
per minute at 37°C.

For assay of immobilized amylase, the appropriate amount of 
beads were incubated in 0.1M phosphate buffer (pH 6.5) contain-
ing 1.5% starch at 37 0C with intermittent shaking. Following in-
cubation of 10 minutes an aliquot of 1 mL was withdrawn  from 
the reaction mixture and assayed as described as above.

Determination of enzyme immobilization yield
The immobilization yield was defined here as the yield for en-
zyme which was immobilized in the calcium alginate beads and 
expressed by the following equation;

Immobilization yield (%) = (Activity of immobilized enzyme/A-
B) × 100

Where A is the activity of free enzyme added, and B is the ac-
tivity of remaining enzyme in washed water and filtered calcium 
chloride solution. Both A and B were evaluated from the amount 
of reducing sugars produced enzymatically in the corresponding 
solutions.

Optimization of parameters for immobilization in alginate 
gel
Different sodium alginate concentrations (1-5% w/v), calcium 
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chloride concentrations (0.5-3M) (and curing time (30-180 min) 
were used during immobilization of α-amylase to achieve maxi-
mum percentage of immobilization yield.

Steady-state kinetics
The effect of pH on enzyme activity (soluble as well as immo-
bilized) was determined in the pH range of 4-9 using 0.1M buff-
ers of sodium citrate  (pH 3-5), sodium phosphate (pH 6- 8) and  
NaOH/glycine (pH 9). Optimal temperature was studied by meas-
uring  free and immobilized enzyme activities in the temperature 
range of 30-80°C. Effect of substrate concentration on amylase 
activity was investigated at 37 0C by varying the starch concen-
trations in the range of 5mM- 20mM at optimum pH for soluble 
and immobilized enzymes. The activity assay was performed as 
described earlier and Km was determined from the Lineweaver-
Burk plot. 

RESULTS AND DISCUSSION
Optimization of conditions for immobilization in alginate 
gel:
Effect of sodium alginate concentration
It has been reported that the immobilization yield of enzyme 
depends on concentration of sodium alginate [19], the porosity 
of the calcium alginate beads  and the gelling agent concentra-
tion [21]. Pore size of the beads should be such that substrate 
and product can easily diffuse in and out of the alginate gel ma-
trix but the enzyme should retain in the micro environment of 
the beads. Various concentrations of sodium alginate were used 
for preparation of calcium alginate beads in order to vary the 
relative degree of cross linking which would create different pore 
size. The immobilization yield was found to be maximum (85%) 
using the sodium alginate concentration of 4% (w/v) (Fig.1). 
Lower the concentration of sodium alginate solution, greater 
will be the pore size of the beads and consequently leakage of 
enzyme from the beads will increase [22]. Similarly, the pore size 
of beads will decrease with the increase in concentration of so-
dium alginate solution. Increased sodium alginate concentration 
interfered the entry of substrate into the bead; that led to the 
lower immobilization efficiency [23].

Effect of concentration of calcium chloride
In order to obtain stable beads capable to secure maximum 
enzyme, concentration of calcium chloride was also varied. It 
was found that 1M calcium chloride retained maximum (85%) 
α-amylase and as the concentration of calcium chloride in-
creased beyond 1M, immobilization yield of α-amylase was de-
creased (Fig.2). A decrease in the relative protease activity with 
increase in calcium chloride concentration has been reported 
[24, 25]. It might be due to change in pH of calcium chloride so-
lution with change in concentration of calcium chloride.

Effect of curing time of calcium alginate beads
Curing time  is an important parameter in immobilization as 
it produces stable calcium alginate  beads which could reduce 
the enzyme leakage and increase the immobilization yield of 
enzyme. Hardness of the calcium alginate beads depends upon 
time required for the gel to set [19]. The treatment of the beads 
in a calcium chloride bath for 120 min gave 85%  immobilization 
yield (Fig.3). Prolonged curing of the beads with calcium chlo-
ride solution did not improve the immobilization yield. It might 
be due to constant hardness of the calcium alginate beads ob-
served after 120 min curing time [19]. This could have resulted 
in constant leakage of α-amylase above 120 min curing time. At 
lower curing time, the beads were very soft and fragile resulting 
in more leakage and hence giving very low percent immobiliza-
tion yield.

The optimum incubation period for immobilized alpha amylase 
enzyme was 10 minutes. The activity was determined at differ-
ent incubation time with 1.5 % starch. Incubation time was con-

tinued upto 60 minutes. Ten minutes incubation time was suf-
ficient for required enzyme activity.

Effect of pH and Temperature on α-amylase activity
Immobilization usually results in shift of optimum pH due to con-
formational changes in enzymes. Optimum pH values were 7 and 
6 for free and immobilized α-amylase respectively. The activity of 
both free and immobilized α-amylase was determined at differ-
ent pH (Fig.4) with 1.5 % (w/v) starch. This shift in optimum pH 
could be resulted from the change in acidic and basic amino acid 
side chain ionization in the microenvironment around the active 
site [26]. Similar shift in the optimum pH towards acidic direction 
had been observed [27] during α-amylase immobilization.

The activity of enzyme is also strongly dependent on tempera-
ture. The activity of free α-amylase increased with temperature 
and maximum activity was observed at 50°C (Fig.5). The optimum 
temperature of α-amylase was shifted to 60°C after immobiliza-
tion in calcium alginate beads. As was evident from the data, 
α-amylase after immobilization in calcium alginate beads pos-
sessed temperature resistance than the free enzyme [28.19]. The 
improved stability of immobilized enzyme was supposed to be 
aided by the matrix, which absorbs a considerable amount of heat 
and protects the enzyme against denaturation.

Effect of substrate concentration on Km

The amylase was immobilized in alginate gel by entrapment 
method and investigated for the effect of substrate concentra-
tion on amylase activity. It was observed that there was a  signif-
icant increase in Km  for alginate-immobilized amylase (2.54mM) 
when compared with free amylase (1.12mM)(data not shown). 
Increased in Km  of immobilized enzyme  is due to diffusional 
resistance offered by the gel. Consequently, substrate affinity of 
α-amylase was decreased after immobilization. It reveals that 
substrate takes more  time to reach the site of catalysis and 
hence results an increase in Km . 

CONCLUSION
The α-amylase was immobilized by entrapment in calcium algi-
nate beads with 85%  enzyme activity. Immobilized enzyme has 
shown greater stability in high temperature i.e. 60°C, pH 6 and 
10 minutes incubation time. The enzyme immobilization in algi-
nate is simple, cheap and safe. Since the alginate is naturally oc-
curring, nontoxic and biodegradable, the present investigations 
are useful in the development of a general approach for starch 
hydrolysis in food industry. 
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Figure 1.  Effect of concentration of sodium alginate on im-

mobilization yield 
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Figure 2. Effect of calcium chloride on Immobilization yield 

Figure 3. Effect of curing time on immobilization yield   

Figure 4.  Effect of pH on activity of free and immobilized 
α-amylase 

Figure 5. Effect of temperature on activity of free and immo-
bilized α-amylase


