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ABSTRACT Free enzyme utilization requires large quantity of enzyme which is much expensive economically and reusability 
is not possible. Hence, with the view to develop the innovative method of an enzyme immobilization, enzyme amylase 

have been immobilized on different textile fabric materials viz;terecott, cotton, silk and nylon. The stability and reusability of an enzyme was 
evaluated. The enzyme coated textiles were reacted with starch and enzyme activity has been expressed in terms of maltose released. It was 
observed that the textile immobilized enzyme can be reused for ten successive reaction set ups, with significant enzyme activity. The maxi-
mum activity was seen in case of silk followed by terecott, compact and loose cotton and nylon. The experimental findings enlightened the 
superiority of textile immobilized enzyme for stability and reusability over free and other enzyme substrate reaction setups.

INTRODUCTION
An enzyme is termed immobilized, if its mobility has been re-
stricted by chemical means. Immobilization of enzymes refers 
to techniques which represent variety of advantages over free 
enzyme catalysis including increased stability of enzyme, easy 
separation of reactant and product [1].Immobilized enzymes have 
been widely used for many years in different industrial processes 
[2]. Enzymes can be immobilized to different carriers by entrap-
ment, adsorption, ionic binding and covalent binding. This is ben-
eficial for protecting and stabilizing the enzymes, thereby enhanc-
ing their properties and their repetitive utilization. Amylases are 
starch degrading enzymes. They are widely distributed in micro-
bial, plant and animal kingdom. They are involved in hydrolysis 
of starch molecules, decomposing them in glucose [3]. The en-
zymes are high molecular weight proteins that are produced by 
living organisms [4]. Enzyme amylases are available commercial-
ly, and they have almost completely replaced chemical hydrolysis 
of starch in the starch processing industry [5]. Entrapment is tak-
en 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. It can be reused, involved processes can 
be operated continuously with better controls, easy separation of 
the product(s), simpler handling of materials and effective reduc-
tion in process cost [6].

Sodium alginate beads are widely used in enzyme immobilization 
because the gel formation occurs at mild conditions and possess-
es no risk of harm to humans. Entrapment of amylase in sodium 
alginate beads has shown to be a relatively easy, rapid and safe 
technique. Starch molecules are very large, often reaching a mo-
lecular weight of 80 million Daltons [7]. It is expected that starch 
hydrolysis reaction could occur more effectively if enzyme bound 
to surface. The use of enzymes in a soluble or free form must 
be considered as wasteful because the enzyme generally cannot 
be recovered at the end of the reaction. The principal enzymes 
applied in textile industry are hydrolases (amylases, cellulases, 
proteases, pectinases and lipases/esterases) and oxidoreductases 
(catalases) [8].

The use of enzymes in the textile industry is an example of white 
industrial biotechnology, which allows the development of eco-
friendly technologies [9]. Enzyme technology is that concerned 

with the immobilization of enzymes on insoluble polymers, such 
as membranes and particles that act as supports or carriers for the 
enzyme activity [10]. On the other hand the possible use of tex-
tile fabric material as carrier material in enzyme immobilization 
have been reported to be superior in enhancing the surface area 
followed by turn over in enzymatic reaction, than existing tech-
niques. Hence, in the present study enzyme was used for immo-
bilization with different textile material in comparison with free 
and sodium alginate encapsulation and further evaluated for its 
stability and reusability.

MATERIALS AND METHOD
1: Collection of textile fabric materials:
Different textile fabric materials such as cotton, silk, terecott 
and nylon were purchased from local market Washim, in Vid-
harbha region of Maharashtra.

2: Activation of carrier textile fabric materials:
Activation of carrier textile fabric material was carried out by 
adopting method suggested by Rani et al., (2012) [11]. The tex-
tile fabric materials were cut into size of 10 × 6 cm. All the piec-
es of textile fabric were washed 2-3 times using distilled water 
and allowed to dry at room temperature. Textile fabric materials 
to clear up the mesh of textile fabric, were chlorinated with NaCl 
-Cl2 at the rate (1:3 per cent ratio) solution followed by 3 per 
cent NaNO3 (w/v) by immersion treatment for 10 minutes and re-
moved to dry at room temperature and finally consider as activat-
ed textile fabric (AFMs) and further use for an immobilization.

3: Immobilization of enzyme on activated textile fabric by 
immersion treatment:
The AFMs then get immersed in sticker solution of 0.1 percent 
gelatin for 10 minutes. The textile fabric material allowed to dry-
ing after laminating with sticker solution. The AFMs were used 
in its dried form for enzyme immobilization. The immobiliza-
tion of enzyme was done by adopting immersion treatment. The 
standard enzyme amylase/diastase solution was made by dis-
solving 0.5 gm of diastase in 50 ml of sterile buffer solution of 
pH 6.4. The AFMs were immersed in enzyme solution by hanging 
on glass rod for 24 hours at room temperature.

4: Drying of enzyme immobilized textile fabric:
After immersion treatment the textile fabric material was re-
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moved and allowed to dry aseptically for further 24 hours in a 
fume disinfected closed vessel.

5: Immobilized textile fabric materials ready to use:
The enzyme treated dried textile fabric was further consider 
as immobilized textile fabric (ITF) material and use for further 
study. The ITF further kept for enzyme activation in an incuba-
tor at 37 0C for 30 minutes.

6: Starch hydrolysis by immobilized textile fabric:
Starch solution was prepared by dissolving 0.5 gm of soluble 
starch in 50 ml of sterile buffer of pH 6.4, and further kept for 
substrate activation in an incubator at 37 0C for 30 minutes. The 
activated ITF material was immersed in 40 ml of activated sub-
strate solution in 50 ml boiling test tube and further incubated 
for the enzyme-substrate reaction.

7: Estimation of product:
Product estimation was done as per the method recommended by 
Plummer and Leckenby (1985) [12].The reaction after immersion 
was allowed to run for 30 min at 370C.After reaction time course, 
the (ITF) was removed immediately and transferred to second 
successive cycle. The reaction was further terminated by adding 
1 ml DNSA solution and the reaction mixture was boiled at 100 
0C for 5 minutes. The volume of reaction mixture was made up 
to 12 ml by adding distilled water. The same procedure was car-
ried out for free enzyme and Gel Bead Immobilized Enzyme. The 
maltose thus released was further estimated by spectrophotomet-
ric analysis at 540 nm and expressed as an enzyme activity.

8: Preliminary Viability analysis Per cent immobilization 
analysis:
The ITF was further used for successive cycle and the Enzyme-
Substrate (ES) reaction was carried out up to 10 repeated cycles 
with an interval of 30 minutes. By this way viability of immo-
bilized textile fabric was carried out. The viability analysis was 
carried out by comparing the maltose released per cycle and 
maltose release in standard free and encapsulated enzyme am-
ylase respectively, adopting the method suggested by Bernfeld 
(1955)  with slight modifications [13].

RESULT AND DISCUSSION
The viability analysis was carried out by comparing the maltose 
released per cycle. The observations were recorded in terms of 
optical density at 540 nm, and graphically represented in (Figure 
1). The enzyme substrate reaction was repeated up to 10 cycles; 
further the maltose released was estimated for each cycle so as 
to check retention viability of an immobilized enzyme. There af-
ter the pooled mean was expressed so as to compare the enzyme 
activity of immobilized and standard enzyme. The observa-
tions were recorded in terms of maltose released as mg/ml, and 
graphically represented in (Figure 2). The result revealed that, 
initially the enzyme activity record was very low up to 2 cycles 
in all the immobilized setups except silk, however the initial rise 
in enzyme activity was recorded in case of free and gel bead im-
mobilized enzyme.

Incase of  enzyme immobilisation in  tericott ITF, the initial 1st 

and 2nd cycle of reaction the  maltose released was recorded tobe 
0.23 mg/ml and further it was  declined to 0.15 mg/ml upto 4th 
cycle of reaction. There after the enzme activity showed dra-
matic enhancement in releasing the matose in 4th and 5th cycle, 
at 5th cycle the maximum maltose i.e 0.7mg/ml was recoerded. 
Further it was also observed that the  enzme activity was found 
tobe significantly stable up to 9th cycle of reaction. The maltose 
concentration recorded was minimum i.e. only 0.1 mg/ml in 10th 
cycle of reaction.

Incase of  enzyme Amylase activity as maltose release in loose 
woven cotton ITF, initially in 1st , 2nd and 3rd cycle of reaction the  

maltose released was  high and recorded to be 0.47 mg/ml and-
was at par with each other. Further it was  declined to 0.39 mg/
ml in 4th cycle of reaction. There after the enzme activity showed 
dcreseased in releasing the matose, the maltose concentration 
recorded was 0.31 mg/ml  in 5th, 6th and 7th cycle and was at par 
with each other in releasing the maltose. At 8th and 9th cycle the 
maltose concentration was found to be decrease upto 0.15 mg/
ml respectively. Further it was also observed that the enzyme ac-
tivity was increased in 10th cycle of reaction at which the maltose 
concentration recorded was 0.39 mg/ml. The maximum activity 
was recorded in initial cycle of reaction in loose woven cotton 
ITF and decreased there after.

Incase of  enzyme Amylase activity as maltose release in nylon 
ITF, it was observed that initially from 1st to 8th cycle of reaction 
the maltose released was significantly low and recorded to be 
only 0.15 mg/ml. Further it was  inclined to 0.7mg/ml and was 
maximum in 9th cycle of reaction. There after the enzme activ-
ity showed decreased in releasing the matose. The maltose con-
centration recorded was minimum i.e. only 0.1 mg/ml the results 
indicates the unsutability of nylon as the carrier matterial for 
enzme immobilization.

Incase of  enzyme Amylase activity as maltose release in com-
pact woven cotton ITF, it was observed that initiallyfrom 1st to 
6th cycle of reaction the  maltose released was  significantly low 
and recorded to be 0.15 mg/ml. Further it was inclined to 0.7 
mg/ml in 7th cycle  and was maximum. There after the enzme 
activity in 8th and 9th cyclewas at par in releasing the matose. 
There after in 10th cycle  the enzme activity showed again de-
creased in releasing the matose. The maltose concentration re-
corded was minimum i.e. only 0.1 mg/ml.

Incase of  enzyme Amylase activity as maltose releases in silk 
ITF, it was observed that initiallyin 1st and 2nd cycle of reac-
tion the  maltose released was maximum and coparetively high 
among all the materials studied, the maltose recorded was 0.63 
mg/ml. In 3rd 0.55 and in 4th 0.63 maltose mg/ml was recorded. 
Further it was declined and at par from 5th to 9th cycle and it was 
0.47 mg/ml respectively. There after in 10th cycle the enzyme ac-
tivity showed again decreased in releasing the matose. The malt-
ose concentration recorded was minimum i.e. only 0.3 mg/ml.

In case of  enzyme Amylase activity as maltose release in stand-
ard free enzyme, initially in 1st cycle of reaction the maltose re-
leased was high and recorded to be 0.87 mg/ml. Further it was  
declined to 0.71 mg/ml in 2th cycle of reaction. There after the 
enzme activity showed decreased in releasing the matose and 
the maltose concentration recorded was  0.63 and 0.55 mg/mlin 
3rd and 4th cycle respectively. In 5th and 6th cycle maltose concen-
tration was found to be 0.63 and was at par with each other in 
releasing the maltose. In 7th cycle  maltose concentration was 
found to be 0.55 mg/ml. In 8th cycle the maltose concentration 
was found to be increase upto 0.63 mg/ml. Further in 9th and 10th 

cycle it was also observed that the enzme activity was decreased 
and the maltose concentration recorded was 0.55 and 0.47 mg/
ml respectively.

In case of  enzyme Amylase activity as Gel bead immobilized en-
zyme, initially in 1st and 2nd cycle of reaction the maltose released 
was recorded to be 0.97 mg/ml and was at par with each other 
in releasing the maltose. Further it was inclined to 1.40 mg/ml 
in 3th and 4th cycle of reaction and was at par with each other in 
releasing the maltose which was maximum as compared to all 
the enzyme setups in the study. Thereafter the enzme activity 
showed decreased in releasing the matose and the maltose con-
centration recorded was 1.39 mg/ml in 5th, 1.27 mg/ml in 6th and 
7th cycle. The maltose concentration was found to be again de-
creased upto  0.99 and 0.95 mg/ml in 8th and 9th cycle respective-
ly. In 10th cycle maltose concentration was found to be increase 
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upto 1.0 mg/ml.

The mean maltose released up to  all the cycles was calculated 
and graphically represented in (Figure 3). From the results it 
was observed that, the enzyme activity  was superior incase of 
encapsulation method in gel bead 1.16 mg/ml, followed by free 
enzyme 0.59 mg/ml, whereas in case of silk ITF maltose released 
was recorded to be 0.50 mg/ml. In tericott,compact woven cot-
ton and loose woven cotton maltose released was recorded to 
be comparatively low i.e. 0.42, 0.32, and 0.34 mg/ml respective-
ly. The nylon (TFM), showed minimum enzyme activity i.e. the 
maltose released recorded was 0.2 mg/ml. The study enlights  
that only silk, terecott, compact woven cotton and loose woven 
cotton may be the possible carrier material for immobilization 
of enzyme, it may be due to the significant ion exchange poten-
tial for this textile. However, this textile can further be studied 
for the research and development to develop the functional fab-
rics.

CONCLUSIONS
The experimental findings on the present studies entitled “Stud-
ies on amylase immobilization using different textile fabric ma-
terials as carriers and evaluation of its activity”, the conclusions 
drawn indicated that, the textile fabric material can be positively 
used as the carrier material in enzyme immobilization, which 
can be the lucrative alternative to avoid the technical constraint 
in enzyme recovery for its subsequent use. The enzyme amylase 
activity is superior after the two successive cyclic runs which 
may be due to the standardization period required by fabric 
material in substrate solution. In case of silk and terecott the 
enzyme amylase activity was superior from the initiation of the 
reaction, which indicates that the standardization period is not 
required by fabric material in substrate solution. The fabric ma-
terial of silk and terecott may be the choice of  carrier material 
for immobilization of amylase enzyme.
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Figure1: Optical densities of ITF materials, free enzyme & 
gel beads at 540 nm for 10 cycles.

Figure2: Amylase activity in terms of maltose released (mg/
ml) in all cycles by free and immobilized setups.

Figure 3: Mean maltose concentration (mg/ml) produced in 
all cycles by free and immobilized setups.
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