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ABSTRACT 

In this study, α-amylase was immobilized on glass beads, which are manufactured for laboratory work. To prove that 

α-amylase was immobilized on glass beads FTIR and SEM study were done. In next step pH study, thermal stability 

and reusability of support beads reactor were done. Application of immobilized enzyme on glass bead reactors was 

performed treatment with pineapple juice, sugarcane juice and watermelon juice and in cloth washing. In addition, this 

study introduces new achievement of immobilized enzyme.   
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1. INTRODUCTION 

α-amylase is the enzyme that causes the degradation of starch molecules and hydrolyzes them in to small-chain 

dextrin by acting upon the α- 1,4 glyosidic bond present in starch. α-amylase (4-α-D- glucanohydrolase, EC 3.2.1.1) is 

an enzyme used extensively in a range of industries including food and beverages, textiles and detergents, drugs and 

pharmaceuticals, brewing and fine chemicals, bioconversion of solid waste etc. Due to having so many applications 

areas, it is necessary to produce α-amylases at industrial scale. Amylases have been reported to be produced by plant, 

animal and microbial sources. Microbial amylase production has been reported to be most effective . One of the main 

problems for enzymes used in industrial areas is their low stability in these environments. Despite their unique 

properties, the stability of enzymes needs to be improved for industrial applications. For this reason, industrial 

enzymes are frequently immobilized onto solid supports. Immobilization may provide many advantages: efficient 

recovery, reusability and facile separation of the enzyme from the reaction mixture, increased activity and 

improvement of some catalytic features such as stability and specificity . Immobilized amylases have generally 

increased stability compared to free enzymes. Covalent binding is one of the  immobilization technique due which 

cure the excessive loss of enzyme activity and protects enzyme from microbial contamination. Physical entrapment of 

α-amylase in calcium alginate beads has shown as a relatively easy, rapid and safe technique. Glass beads can be used 

for immobilization of enzymes by entrapment. It has many characteristics like hydrophobicity, biocompatibility, and 

low biodegradability, high permeability toward water, good adhesion and high affinity towards proteins. It is an 

inexpensive, inert, non-toxic, high mechanical strength support. In this study, immobilized α-amylase in k-carrageenan 

beads were used for clarification of fruit juice like pineapple juice, watermelon juice and sugarcane juice. 

Furthermore, this experimental study prove that the immobilized enzyme can use many time and give nearly same 

result. This study support to the green chemistry. 

There are different types of  amylase they are as shown in below chart: 
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2. EXPERIMENTAL 

2.1 Material 

α-amylase (200U/mg) from sisco research laboratories Pvt. Ltd. , Phenol, 3-aminopropyltriethoxysilane 

Hypo chloride solution from Qualikems Fine Chem. Pvt. Ltd.,  PEI polyethyleneimine solution from TCI. Glass beads 

from chemistry lab. Hydrogen peroxide from Atul-scientific Store. 

2.2 Immobilization of α-amylase on glass beads  by covalent coupling. 

Many of researcher made different research on immobilization of  α-amylase and studied their application. In present 

research glass beads were used for immobilization of  amylase. For this two steps were performed  

1) Surface activation or surface cleaning 

2) Synthesis of organo-functionalized glass beads  

 
1) Surface activation of glass beads  

For surface activation of glass beads take 50 gm of glass beads in beaker then 15 ml  30% v/v NaOH was added (15 

gm of NaOH pallets in 50 ml of distilled water) then 15 ml 6% H2 O 2  , in next heat the whole contain for 15 min then 

filter and dry the beads. After this  experiment was followed by piranha solution treatment.(H2 So4 30% v/v + H2 O2   

6% ) and then heated for 60 min at 90 ˚C. Then beads were dried with suitable process and then organofunctionalized 

process of glass beads was done 

2) Synthesis of organo-functionalized glass beads 

From the activated glass beads 50g of glass beads were taken then 100 ml of toluene and 5 ml of 3-aminoPropyl-

tiethoxysilane were added. The mixture was stirred under reflux for 18 h. Then beads were removed from solution by 

filtration and kept in the oven at 110 ˚C for 2 to 3 h.      

From the activated glass beads 50g of glass beads. Triethylamine (4 g) and 150 ml dry cyclohexane were charged into 

a three-necked 250ml round-bottom flask. In next phthaloyl Chloride was added drop wise and stirred well for 30 min. 

then reaction mixture was stirred at 25 c for 3 h. 
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2.3 Characterization of immobilized enzyme 

FTIR analysis of the support beads was carried out. FTIR was done from laboratory of Charuset University, Changa, 

Anand, Gujarat. SEM for analysis of natural support (k-carrageenan) beads was done from laboratory SICART 

(Sophisticated Instrumentation Center for Applied Research & Testing) Anand, Gujarat. 

2.4 Preparation of juice. 

Freshly picked up pineapples were taken and kept at normal room temperature. Pineapple was washed properly and 

outer skin was removed from it, then fresh juice was made by normal mixture without adding any extra things. After 

complete filter process, 150 ml of juice was separate out in a beaker to perform assay method.   

2.5 Treatment of immobilized α –amylase to check reusability  

5 ml of juice from was taken in test vial; 0.5 ml of starch solution was added. After adding beads of immobilized 

enzyme contains 0.05 g of enzyme and phosphate buffer solution (pH=6.9) was incubated at room temperature for 10 

minutes. 2 ml of 3, 5-dinitrosalicylic acid was added and vail was incubated in boiling water bath for 10 minutes 

reducing sugar was determine by spectrophotometer at 540 nm. 

2.6 pH activity profile 

As enzymes consist of protein, the catalytic activity is markedly affected by environmental conditions, especially the 

pH of the aqueous medium. Thus, information on changes in pH-activity behavior caused by the immobilization of 

enzymes is useful for an understanding of the structure-function relationship of enzyme protein. Hence, the activity of 

the free and immobilized α –amylase has been measured by incubating free and immobilized enzymes at 27 °C for 30 

min in the 50 mm phosphate buffers of different pH ranging from 5 to 9 and using ethanol as a substrate. The 

absorbance of the reaction mixture was measured at 540 nm and correlated to the concentration of the enzyme. From 

the calibration, plot activity of the enzyme was determined. 

2.7 Thermal stability 

Because of the immobilization of enzyme the heat stability is enhanced, it is advantageous for the industrial 

application of immobilized enzymes and is thus important in determining the feasibility of immobilized enzymes for a 

particular application. Therefore, the thermal stability of free and immobilized enzymes was investigated. Free and 

immobilized enzymes were placed in the optimum pH buffer and incubated at different temperatures (30 to 70 °C) for 

different time intervals, activity of the enzyme was then determined as described earlier Thermal deactivation constant 

(Kd) was calculated by using the following equation : 

Ln At = In Ao - Kd (t) 

Where ‘Ao’ is the initial activity and ‘At’ is the activity after heat-treat for minutes. 

3. RESULT AND DISCUSSION  

3.1  pH study 

Every enzyme has an optimum pH at which it shows optimum activity. Figure 2 shows the pH activity of free and 

bounded α –amylase. We have observed that free and entrapped enzyme was showing maximum of 5 to 9 pH Change. 

This shows effect of enzyme immobilization. 

 

Fig:-2  pH activity graph of free and immobilized α-amylase on glass beads. 
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3.2 Thermal Stability:  

Enzymes is temperature-dependent. When the temperature increases enzyme reactivity increases and beyond a definite 

limit, it gets deactivated. Figure 3 shows that entrapped enzyme show better thermal stability compared to free 

enzyme. The entrapped enzyme showed better thermal stability as they are encapsulated within the beads. 

 

Fig:-3 Thermal stability comparative graph of free and immobilized α-amylase glass beads 

3.3  Storage stability 

For study of residual activities of the free and immobilized enzymes stored at room temperature (30 °C) were 

determined and the activities were expressed as percentage retention of their residual activities at different times. 

Immobilized beads were also kept at 5 °C for 56 days and residual activity was examine after every 7 days. Storage 

stability graph is shown in fig-5. 

 

Fig:-5 Storage stability graph of free and immobilized  α-amylase on glass beads. 

3.4 FTIR analysis 

FTIR analysis of bead was done. FTIR analysis shows the chemical presence of specific chemical groups of enzyme. 

Spectra were recorded in the spectral range of 4000 – 500 cm
-1.

  α-amylase have amide group in its structure. 1639.70 

cm
-1

 show the bond starching vibration of amide. 3519.38 cm
-1

 shows OH starching vibration. 
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Fig:-6 FTIR of α-amylase immobilized glass beads. 

3.5 SEM analysis (Scanning electron microscopy) 

SEM analysis of bead in which have enzyme was entrapped, purpose of this study was to obtain a topographical 

Characterization of the support beads. SEM photographs were taken using a scanning electron microscope, at required 

magnification at room temperature. Working distance of 6.5 mm was maintained, and the acceleration voltage used 

was 20 kV, with the secondary electron image (SEI) as the detector.  

     

Fig:-7 SEM analysis  of α-amylase immobilized glass beads. 

3.6 Reusability of bead:  

Reusability has great importance in industries. It was checked by using beads in the assay method in place of free 

enzyme solution. The reusability of entrapped enzyme beads was checked as shown in.   Figure-8 bounded enzyme 

employed approx. 50-55% of its enzyme reactivity after 8 rotations and 20-24 % activity after 10 cycles showing the 

advantage of immobilized enzyme and which increases its applicability.  
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Fig:-8 Reusability graph of immobilized α-amylase 

4. CONCLUSION  

In recent study it is observed that immobilized α-amylase successfully purified juice. The clarification process was 

very simple, easy and  also cost effective. The juice was stable above two months in test after purification process. The 

method can be easily applied in large scale. In comparison to free enzyme immobilized enzyme is used more than one 

time. Instability and high sensibility of enzymes or biocatalysts make to many biological process difficult since they 

were taken in use. For overcome this immobilization prove promising technology for laboratory research and 

industrial-scale production. They also gives solutions in order to eliminate these difficulties and achieve a long term 

benefit for industry.  
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