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Abstract

This study aims to achieve immobilization of catalase enzyme onto the egg shell powder through
adsorption method. Catalytic activity of catalase immobilized on egg shell matrix has been investigated
by means of UV- spectrophotometer. Optimum pH and temperature of both soluble and bound catalase
were observed. Under selected experimental conditions stability, reusability, temperature and pH
sensitivity of native and immobilized catalase has been compared. Visual and FTIR results indicated that
catalase successfully immobilized on egg shell powder. Reusability studies showed that immobilized
catalase can be reused 15 times with slight loss of initial activity. Furthermore, immobilized catalase
system exhibits improved thermal and pH stability. Result obtained from experiments showed that this
immobilized catalase can have applications in various industries i.e. dairy and food, textile,
bioremediation, pharmaceutical industries etc. for its potential to increase economical benefits and
product high yield. Hen egg shell can be a good and cost effective option for the adsorption of catalase
and othercatalysts.
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1. INTRODUCTION

Catalase is an oxidoreductase enzyme. It is one of the main antioxidant of the defense system in human
body [1]. The sole function of catalase is to break down hydrogen peroxide, still it has diverse use as
catalyst in industries like dairy, food, textile, pharmaceutical, cosmetic production and also in making of
biosensors. Catalase is abundantly present in nearly all living organisms, microorganisms, fruits and
vegetables. In mammals, it is present in the peroxisomes for oxidation of many biomolecules [2]. Sumner
and Dounce extracted catalase from bovine liver and prepared catalase crystal [3].

Applications of catalase enzyme in industries are diverse. From approval of FDA in food to remove
bactericide hydrogen peroxide, to the production of variety of foods, for example sourdough, mayonnaise
etc. [4]. Catalase is used in cold pasteurization to develop flavor in some dairy products like swiss cheese.
It is also used to check milk quality [5]. In beverage industry,catalase used in beer, wine and vinegar
bottling [6]. Use of catalase in packaging industry is evident like food wrappers and medicinal packaging
for long shelf life. Catalase is a natural antioxidant, used in antioxidant drugs. Catalase can be used to
protect fruit purees from browning [7]. It is successfully used in bioremediation of industrial effluents[8].

Manufacturing enzymes with high specificity, low impurities, stable structure and function is a very tough
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task and costly procedure [9]. Although applications of catalase enzyme are being developed in full
swing, native enzymes have limitations in maintaining activities during catalytic processes suchas

limitations related to pH and temperature sensitivity, product purification load, lacking reusability,
decreased operational and storage stability [10].

Currently, various researches are going on which can improve and stabilize catalyst. One such method is
immobilization of enzyme. First immobilization of enzyme appeared in the 1960s. Since then, it is
popular among researchers, widely used method in industry till 1976. Immobilization is a technique,
which is designed to restrict the free movement of an enzyme. Immobilization means fixation. Fixing of
enzyme on the surface of any support and prevent to mix it with product or other things. Research shows
a huge similarities between immobilized and free enzyme and also that the immobilized enzyme is more
stable and can be reused several times [11]. On the other hand, immobilized enzymes generally have
improved thermal and pH stability, recovery and reusability, high purity, and product yields in their
industrial applications [12]. It was found that free enzyme has ten times lesser stability and lower yield
than immobilized catalyst[13].

Catalase enzyme already been immobilized on various matrices and was investigated by researchers or
being used in industries. For example chitosan which are attached with catalase by covalent binding
method [14, 12], microcapsule
throughencapsulation[15,16],aluminabycovalentbindingandadsorption[17,18,19],silicathroughencapsulati
on [20, 21, 22], walnut through adsorption [23, 24], bentonite clay through adsorption [25,26].

Stabilization of enzymes is one crucial problem in bio-catalysis, because dissociation of subunits can
inactivate the enzymes. Immobilization of enzyme can be a good solution in this case. Main aim of this
study is to develop a reusable and sustainable biocatalyst by immobilizing catalase on to agro waste i.e.
hen egg shell. So, characteristics of catalase enzyme can be improved and it can reduce cost of production
in its industrial applications.

2. MATERIALS ANDMETHODS

2.1 Materials

Bovine liver catalase enzyme purchased from HiMedia. egg shell procured from waste of local poultry
firm, Hydrogen peroxide, Potassium phosphate dibasic, Potassium phosphate monobasic, Sodium Citrate
dihydrate, Citric Acid, Sodium Acetate (anhydrous), Acetic acid, Sodium bicarbonate, Sodium carbonate,
Copper sulphate pentahydrate, Potasssium sodium tartrate tetrahydrate, Folin&Ciocalteu’s phenol,
Acetone, BSA, Sodium Dodecyl Sulphonate, Potassium hydroxide, Sodium hydroxide, and hydrochloric
acid were procured from standard chemical company.

2.2 Preparation of hen egg-shell matrix for catalaseimmobilization

Egg shell is a waste product, available in abundance. For the purpose of experiment, fresh eggs were
purchased from local grocery store. A few egg shells were broken into small pieces and boiled in water
bath in 0.1% SDS for 15 minutes. The washing of shells were done several times to remove SDS by using
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distilled water. Eggshells were again with wash with acetone, so that water can be removed. By drying
egg shells in hot air oven for 4 hour at 60°C, acetone was removed. After that crushing of egg shells were
done with mortar and pestle and filter to generate uniform size. Similar type of procedures have been used
by researchers [18, 27].

2.3 Immobilization of catalase throughadsorption

Egg shell powder of 0.25g mixed with 4ml of potassium phosphate buffer pH 7. The solution was stirred
for an hour and kept at 4°C for an 1 hour. Then the solution is centrifuged at 2000 rpm for 2 minutes. The
supernatant formed was removed and egg shell pallet was taken in 15ml centrifuge tube. Further 5ml
catalase solution and 5 ml potassium phosphate buffer pH 7 was mixed with egg shell pallet. The tube
was kept on gel rocker for an hour for continuous stirring. Followed by 2 hour of incubation in
refrigerator at 4°C. Again the solution is centrifuged at 2000 rpm for 2 minutes. The supernatant formed
was removed and egg shell pellet washed several times with fresh buffer to remove unbound catalase.

2.4 Protein estimation
Amount of protein in enzyme solution was determined by lowry's method. A calibration curve was
constructed by using bovine serum albumin (BSA) was as a standard.

2.5 Free and immobilizedcatalase enzyme activity

Activity assay of free and immobilized catalase were analyzed at room temperature
spectrophotometrically by measuring the absorbance decrease at 240 nm. Continuous absorbance
decrease were noted with the gap of 15 seconds. Absorbance decrease occurs due to decomposition of
hydrogen peroxide by the catalase. In this case greater decrease in absorbance indicate higher rate of
activity. Activity assay were carried out over the pH ranging from 3 to 10 and temperature range from 25
to 75°C to determine influence of pH and temperature. This procedure of activity assay was also
performed by S.Alkanet al.,G.Arabaci and A.Usluoglu[12,23].

2.6 Influence oftemperature

Enzymes are temperature sensitive, denatures in high temp. To determine influence of different
temperature on free and egg-shell matrix immobilized catalase enzyme, activity of enzyme was found in
potassium phosphate buffer pH 7.0 and temperature of 25 - 85°C.

2.7 Influence ofpH

Enzymes are pH sensitive, work most efficiently at their optimum pH. In other pH their activity varies. In
highly acidic or highly alkaline pH, they can stop working. The influence of pH was determined on the
free and bound catalase, several buffers (0.05M) were used, from pH 3 to 10 in which both type of
enzymes are employed to degrade 80mM hydrogen peroxide. Different buffers used that were Acetate
buffer (pH 4 & 5), Citrate buffer (pH 3), potassium phosphate buffer (pH 8, 7, & 6), and Carbonate-
bicarbonate buffer (pH 9 & 10).

2.8 Storagestability
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Activity of free and immobilized catalase was investigated at 25°C for 2 weeks and at 4°C for 1 month in
50 mM potassium phosphate buffer (pH 7).

2.9 Reusability of immobilized catalase

Under standard assay conditions, by washing with fresh potassium phosphate buffer at pH of 7, the priorly
immobilized enzyme which was immobilized was again.

3. RESULTS ANDDISCUSSION

3.1 Protein estimation ofcatalase
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Figure 1.Standard curve for protein estimation

Slope equation for the standard curve is y = 1.435x + 0.18. Absorbance for 0.5ml catalase at 660
nm was 0.343. Then according to the standard curve, protein concentration in catalase is derived
as 0.22mg/ml.

3.2 Suitable incubation time forimmobilization

How much incubation time is suitable for catalase immobilization on hen egg shell matrix? To find out
the answer to this question, solution containing catalase and egg shell matrix equally divided in 4 parts
and kept for incubation for 1 hour, 2 hour, 3 hour, & more than 3 hour (overnight) respectively. It was
observed that the solution which was incubated for two hours showed best activity. Drop in the activity
were observed in solutions that were kept for incubation period of 3 hours and overnight. Actual reason
behind this, is not clear. Though Salleh S. et al. in 2006 conducted same kind of experiment and
demonstrated in their paper that may be this is due to multi layered adsorption[27].
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Figure 2.Activity of immobilized catalase with respect to incubation time
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3.3 Effect of temperature on catalyticactivity

The results showed that the temperature for optimum activity was observed in 35°C. It analysis that
immobilization method did not show any effect on the enzyme activity. Native and immobilized catalase
on natural and modified carbon obtained from walnut had optimumpHat30°C[23].1t was analysed that
optimumtemperatureobserved at 25°Cforfree catalaseand40°Cforchitosan.

immobilized catalase [12].

Soluble catalase in this case shows itself as very temperature sensitive and denatured after 45°C, as shown
in the graph below. Whereas, hen egg-shell immobilized catalase improved its thermal stability
immensely, about 2 fold better than the free one. Immobilized catalase worked in higher temperature at
75°C also.
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Figure 3.Activity of free and immobilized catalase at different temperatures.

3.4 Effect of pH on catalytic activity ofcatalase

The optimum pH values for both free and immobilized catalse were obtained as 7. At optimum pH, free
catalase was showing higher activity compared to immobilized catalase. However egg shell immobilized
catalase showed comparatively consistent activity in different pH ranges. Results also indicated the most
appropriate results were observed in mobilized egg shell catalase and free catalase. Catalase also helped
to increase activity and reduces chance of desorption. In pH 3 soluble catalase was inactive. Free catalase
showed sensitivity in acidic pH.
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Figure 4.Activity of free and immobilized catalase with respect to different pH.
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To check operational stability, native and immobilized catalase both were freshly prepared, checked their
activity and then kept for 2 weeks at room temperature. After 2 weeks, their activity checked again and
compared with the initial one. Result obtained shows that free catalase looses 92% of its initial activity,

whereas immobilized catalase still left with 63% of its initial activity.
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Figure 5.Stability check in room temp.

3.6 Storagestability

To check storage capacity, both type of catalase freshly made, activity checked, followed by kept for a
month at 4°C. After one month there activity checked again and compared with the initial one. Result
obtained states that egg shell immobilized catalase retain its activity for longer time whereas free catalase

looses activity very rapidly.
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Figure 6.Storage stability (one month).

3.7 Reuse of the immobilized catalase

Freshly immobilized catalase on egg shell matrix employed to decompose hydrogen peroxide into oxygen
and water. After every use egg shell matrix was washed with fresh buffer. The immobilized catalase on

egg shell matrix was found to be active till 15 times of re-use.
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4. CONCLUSIONS

There were various types of supports that are already been used to immobilize catalase, as per literature
review, some of those are very useful, some have totally failed. Development of a cost effective and
suitable support at the same time, using waste material instead of synthetic commercial matrix for
immobilization, is an important aspect in industrial processes where enzymes are used to catalysis. In this
studies, catalase enzyme successfully immobilized on hen egg-shell through adsorption to develop
reusable and sustainable biocatalyst. Primary result of this paper confirms immobilization of catalase onto
eggshell powder through adsorption. FTIR analysis confirmed the intermolecular bonding. Bound
catalase was active till 15 time reuse whereas free catalase was not reusable. Reusability is a great option,
for cheap production rate. After 8 to 10 use, it started to lose its initial activity very rapidly and after 15
times it completely stopped working. Literature review demonstrated that in most of the cases of catalase
immobilization, adsorption method was used. In this experiment also, catalase immobilization through
adsorption became successful, suitable to attach catalase on egg shell powder. Advantage is that even the
support can be reused after being inactivation of old catalyst, new one can be reloaded. In optimum
conditions, free catalase was having activity of 1562 U, whereas after immobilization of that catalase on
egg-shell matrix it reduces its activity to 1422 U. That means, after immobilization catalase retained 91%
of its native activity, not 100%. Immobilized catalase gained resistance against thermal denaturation,
more stability to pH changes, able to work efficiently in a larger range. Though both catalyst shows
optimum pH at 7 and optimum temperature at 35°C. Also improve characteristics like it became more
stable during operational and storage. After immobilization, catalase can be more useful in degradation of
hydrogen peroxide in various industrial applications. Finding new materials for catalase immobilization
represents a goal for the researchers. Research should also be focused to overcome the limitations related
to immobilization techniques, to improve all round application of immobilizedcatalase.
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