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Introduction  

Immobilization may be considered to be the 

physical separation, during continuous operation, of 

the catalyst from the solvent in such a way that 

substrate and product molecules may readily 

exchange between phases.
1
 Separation of catalyst 

from the solvent may be achieved by several 

methods, such as, adsorption of enzyme onto a 

polymer material, covalent binding to insoluble 

organic or inorganic supports, cross-linking of the 

enzyme to itself, to form aggregates or co-polymers, 

by reaction with a bifunctional reagent.
1
 One 

disadvantage of such methods of immobilization is 

that relatively large amounts of catalyst are required. 

Moreover, the chemical modification of enzyme 

may adversely alter their catalytic properties. For 

these reasons, entrapment technique is considered as 

ideal method for immobilization. In entrapment 

method, the enzymes are separated from the bulk 

phase by physical entrapment or encapsulation.
2
 

Thus, the catalyst may be entrapped within a 

polymeric mesh such as gel, by carrying out the 

polymerization or cross-linking reaction in presence 

of the enzyme. For immobilization by entrapment, 

two types of polymers, namely, synthetic (e.g., 
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polyacrylamide), or natural (e.g., alginates, agar and 

carrageenan) are used. Related techniques include 

encapsulation within liposomes or within nylon or 

collodion membranes, or physical confinement in 

ultrafiltration devices. Wherever possible, the 

catalyst-containing particles are formed into spheres 

to facilitate practical application. Among 

entrapment and encapsulation, entrapment is a 

relatively easy method.
2
 

 

Enzymes and proteins are intrinsically fragile 

molecules. Their activity depends on proper folding 

of the amino acid chains and weak physical 

interactions. S-S bonds stabilize their complex three 

dimensional structures. They are sensitive to 

exposure to high and low temperatures, presence of 

hydrophobic surfaces, high and low pH, and water 

content of the system.
3
 Hence, immobilization is 

always associated with loss of activity of enzyme. 

 

A rather new development in this area is the 

emergence of hydrogel technologies for entrapment 

of proteins. Hydrogels are three dimensional 

hydrophilic, polymeric networks capable of 

imbibing large amount of water.
3
 Their high 

aqueous content offers a protein friendly 

environment. When hydrogels are used, organic 

solvents often are avoided during the preparation of 

formulations. 

 

For entrapment of enzymes, many hydrogels have 

been used. Among them, polysaccharide hydrogels 

are of importance. Most of them are neutral in pH, 

so that protein activity is maintained; they can 

absorb large quantity of water and maintain aqueous 

microenvironment which is responsible for the 

structural integrity of the proteins. Hence, in the 

present work, investigation has been carried out to 

find out the suitability of the polysaccharide 

hydrogels from Plantago ovata and Ocimum 

basilicum, for immobilization of enzymes by 

entrapment technique. Trypsin was used as model 

enzyme for entrapment and epichlorohydrin was 

used as surface cross-linking agent. This has been 

used for surface cross-linking of starch 

microspheres
4
 and surface cross-linking of tamarind 

seed polysaccharide in the preparation of matrix 

tablets.
5
 Since it has been reported to be ideal for 

surface cross-linking of polysaccharides, it was 

selected in the present study also. Among the 

available methods of formation of enzyme-

entrapped beads, extrusion-congealing is the most 

commonly used method. In the present study, 

extrusion-spheronization has been used for the 

preparation of enzyme-entrapped beads.  

Materials and methods 

Materials 

The seeds of Plantago ovata and Ocimum basilicum 

were collected from places in and around 

Ootacamund during October and November 2000. 

The authentication of the plant materials was carried 

out by The Survey of Medicinal plants and 

Collection Unit, Ootacamund, where voucher 

specimens are preserved. Trypsin and casein were 

purchased from Hi Media, Mumbai, and tyrosine 

was purchased from Sigma, USA. All other reagents 

used in the present study were of AR grade. 

 

Isolation of hydrogels  

The hydrogels were isolated by a procedure reported 

earlier.
6
 The yields of hydrogels from Plantago 

ovata and Ocimum basilicum were 28 and 24%, 

respectively.  

 

Preparation of enzyme-entrapped hydrogel beads  

Extrusion-spheronization was used for the 

preparation of enzyme beads. For the preparation of 

beads, Extruder (EXT-65/037, R.R. Enterprises, 

Thane, India) and Spheronizer (SPH-150/010, R.R. 

Enterprises, Thane, India) were used. In the formula 

of beads, microcrystalline cellulose (Avicel PH 101) 

was used as spheronization enhancer. For 

optimization of formula, four different ratios of 

MCC-enzyme-hydrogel such as 60:30:10, 58:30:12, 

56:30:14 and 54:30:16 were selected. For 

optimization of spheronization speed, all the 

selected ratios of MCC-enzyme-hydrogel were 

subjected to spheronization at different speeds such 

as 1000, 1100 and 1200 rpm. For optimization of 

residence time, all the batches were subjected to 

spheronization at selected speeds for 30, 35, 40 and 

45 min, and the shape of the obtained pellets and 

their size range were noted. After spheronization, 

the prepared enzyme beads were put into 100 mL of 

epichlorhydrine and surface cross linking was done 

for 15 min. 

 

Physical properties of enzyme beads 

The percentage yield of spherical particles in the 

formulated immobilized enzyme beads was 

calculated with respect to total quantity of the 

pellets. The average particle size of the enzyme 

beads was determined using optical microscopy 

technique.
7
 The surface characters of the beads were 

studied using scanning electron micrograph (SEM).  
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Determination of enzyme activity  

The stability of enzyme after immobilization in the 

beads was assessed by determining the enzyme 

activity. The proteolytic activity of the enzyme was 

determined by protease assay, as described by 

Nehra, et.al. (1998).
8
 A reaction mixture containing 

2.0 mL of 0.5% casein solution (10 mg casein in 0.1 

M tris-HCl buffer, pH 7), 50 L of enzyme solution 

(100 g/mL) in a total volume of 3.0 mL was added 

and incubated at 37C for 10 min. The reaction was 

then stopped by adding 3.0 mL of chilled trichloro 

acetic acid (10%). After 1 h, the mixture was 

centrifuged at 10,000 rpm for 5 min and absorbance 

was read at 280 nm. The enzyme activity was 

calculated by measuring microgram of tyrosine 

released by comparing with the standard graph of 

tyrosine. One unit of enzyme activity represents the 

amount of enzyme required to liberate one 

microgram of tyrosine per min per mL under 

standard assay conditions. In case of enzyme beads, 

the reaction was stopped by removal of beads by 

filtration.  

 

Enzyme leaching from the beads  

For the confirmation of complete entrapment, in 

vitro enzyme leaching from the developed beads 

was studied. The study was carried out by placing 

enzyme-beads equivalent to 30 units of enzyme in 

100 mL of phosphate buffer (pH 6.8), in a 200 mL 

beaker. The buffer was stirred using a magnetic 

stirrer at 20 rpm and the temperature of the medium 

was maintained at 37 ± 1°C. Sampling was done at 

specific time intervals and the medium was replaced 

immediately using fresh buffer maintained at 37 ± 

1°C. The samples were diluted suitably using the 

same buffer and the absorbance was measured at 

281 nm in a Shimadzu UV-Visible 

spectrophotometer.  

 

Integrity and reusability  

To study the integrity and reusability of the 

immobilized enzyme-beads, they were kept 

immersed in the substrate solution (0.5% w/v casein) 

for a period of 1 h at 37 ± 1°C, and the enzyme 

activity was calculated at the end of 1 h. Then the 

enzyme-beads were transferred to fresh casein 

solution and the activity was again determined at the 

end of 1 h. This was continued for 15 cycles and at 

the end of first, fifth, tenth and fifteenth cycles, the 

enzyme activity was determined.  

 

Stability studies 

The stability of the enzyme in the beads was 

assessed at room and refrigeration (5C) 

temperatures. To assess the stability, the enzyme-

beads were stored at the above-mentioned 

temperatures for a period of 6 months and the 

enzyme activity was determined by the method 

described above at the end of 1, 3 and 6 months. 

Results and Discussion 

The results of optimization of extrusion-

spheronization study are given in Table 1. In this 

study, optimization of MCC-enzyme-hydrogel ratio, 

spheronization speed and spheronization time were 

done to get pellets of ideal shape, and high yield. In 

the optimization study of pellets, it was found that 

when the concentration of hydrogel was increased 

above 54:30:16 ratio of MCC-enzyme-hydrogel, the 

granulating mass became elastic and extrudes were 

not formed. At very low concentration of hydrogel 

(i.e., below 60:30:10 ratio) pellets were obtained, 

but a major portion of the particles were of irregular 

shape. Also the spheronized mass had a wide range 

of size distribution which was not ideal for pellets. 

This might be due to insufficient quantity of 

hydrogel, which would not produce a cohesive mass.  

 

In the optimization of spheronization speed, it was 

found that at low speeds (below 1000 rpm), more 

number of rod shaped and dumbbell shaped 

particles were obtained. According to a predicted 

mechanism of spheroid formation, during 

spheronization, the ends of rod shaped extrudates 

are forced together forming dumbbell shaped 

particles and finally, the ends of these dumbbell 

shaped particles are compressed inward till the ends 

merge to form ellipsoids and finally forming 

spherical pellets.
9
 In the present study, at lower 

speeds, the dumbbell shaped particles did not get 

compressed and merge, and hence, the spheronized 

mass consisted of a major portion of rods and 

dumbbell shaped particles. At higher spheronization 

speeds (above 1200 rpm), due to centrifugal force, 

there was no attrition and hence, pellets were not 

formed (Table 1). 

 

During optimization of spheronization time, it was 

found that at lower residence times (less than 30 

min) major portion of the granulating mass was not 

converted into pellets and at longer residence times 

(above 45 min), due to evaporation of water, the 

particles became dried and again size reduction was 

observed. Only at 1200 rpm and 45 min 

spheronization time, pellets with narrow size range 

were obtained with both hydrogels. Hence, these 

variables were selected to be ideal for the formation 

of pellets with proper shape and size range. 
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The prepared enzyme beads entrapping trypsin were 

evaluated for yield, particle size and surface 

properties. The results are shown in Table 2. The 

yield was found to be high in case of Ocimum 

basilicum beads. The enzyme beads had average 

particle size of 2.45 mm for Plantago ovata and 

2.25 mm for Ocimum basilicum. The surface 

characters of the formulated enzyme-beads are 

given in Fig. 1 and 2. From the SEM, it could be 

noted that the beads were spherical in shape and the 

surface of the beads was smooth without any 

irregularities.  

 

Table 1. Results of optimization of spheronization speed and time for different batches of Plantago ovata 

and Ocimum basilicum beads entrapping the enzyme trypsin  

 
Sphero-

nization 

speed 

(rpm) 

Sphero-

nization 

time 

(min) 

Description of Shape of spheroids with MCC-drug-hydrogel ratio 

60:30:10 58:30:12 56:30:14 54:30:16 

1000 30 

35 

40 

45 

Rod  

Rod  

Dumbbell  

Dumbbell 

Rod 

Dumbbell 

Dumbbell 

Dumbbell 

Rod 

Dumbbell 

Dumbbell 

Dumbbell 

Rod  

Rod  

Dumbbell  

Dumbbell 

1100 30 

35 

40 

45 

Rod 

Dumbbell 

Dumbbell 

Spheroid (WR) 

Rod 

Dumbbell 

Dumbbell 

Dumbbell 

Rod 

Dumbbell 

Dumbbell 

Spheroid (WR) 

Rod  

Rod  

Dumbbell  

Dumbbell 

1200 30 

35 

40 

45 

Rod 

Dumbbell 

Spheroid (WR) 

Spheroid (NR) 

Rod 

Dumbbell 

Spheroid (WR) 

Spheroid (NR) 

Rod 

Dumbbell 

Spheroid (WR) 

Spheroid (NR) 

Rod 

Dumbbell 

Spheroid (WR) 

Spheroid (NR) 

MCC was used as spheronization enhancer; Distilled water (0.8 mL / 10 g) was used as solvent for hydrogel;  

WR - Wide size range; NR - Narrow size range 

 

 

Table 2. Physical properties of the enzyme beads 

entrapping trypsin enzyme 

 

Parameter 

Plantago 

ovata beads 

Ocimum 

basilicum 

beads 

Yield (%)* 
71.05 ± 

0.033 

73.94 ± 

0.365 

Average particle size 

(mm)** 
2.45 2.25 

* Average of three determinations ± SEM;  

** Determined by optical microscopy method 

 

Table 3. Enzyme activities before and after 

entrapment into the enzyme beads 

 

Beads Enzyme activity 

Pure enzyme 3.85 ± 0.008 

Plantago beads  8.32 ± 0.006  

Ocimum beads 9.55 ± 0.116 

* Average of three determinations ± SEM 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. SEM of trypsin beads prepared using 

Plantago ovata hydrogel 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. SEM of trypsin beads prepared using 

Ocimum basilicum hydrogel 
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The enzyme activity values of pure enzyme and 

entrapped enzyme are shown in Table 3. It was 

found that after entrapment of enzyme into the 

beads, the activity reduced. But the enzyme activity 

was not completely lost, which proved that the 

selected beads prepared with natural hydrogels are 

suitable for enzyme entrapment, since they provided 

a hydrophilic microenvironment for the protein 

molecule. Because of this, the protein might have 

retained its three dimensional structure and hence, 

the activity was not lost completely. The loss in the 

enzyme activity might be because of surface cross 

linking of the enzyme beads using epichlorhydrin.  

 

In the in vitro enzyme leaching study, it was found 

that over a period of 48 h, only 4.25% of trypsin 

was released from the Plantago ovata beads, 

whereas, from Ocimum basilicum beads, 4.50% of 

enzyme was released. The results clearly showed 

that the enzyme trypsin was completely 

immobilized in the beads.  

 

Table 4. Reusability study of trypsin beads 

developed using selected hydrogels 

Hydrogel 

Enzyme activity after*  

1 cycle 5 cycles 

10 

cycles 

15 

cycles 

Plantago 

ovata 

8.32  

± 0.006  

8.35 

± 0.005 

8.27 

± 0.033 

8.31 

± 0.067 

Ocimum 

basilicum 

9.55  

± 0.116 

9.59 

± 0.003 

9.55 

± 0.013 

9.54 

± 0.018 

* Average of three determinations ± SEM 

 
Table 5. Stability studies of developed trypsin beads 

stored at 5 °C 

Hydrogel 

Enzyme activity after*  

1 month 3 months 6 months 

Plantago 

ovata 

8.35 

± 0.011 

8.32 

± 0.020 

8.36 

± 0.095 

Ocimum 

basilicum 

9.59 

± 0.019 

9.55 

± 0.131 

9.53 

± 0.041 

* Average of three determinations ± SEM 

 
Table 6. Stability studies of developed trypsin beads 

stored at room temperature 

Hydrogel 

Enzyme activity after*  

1 month 3 months 6 months 

Plantago 

ovata 

8.36 

± 0.115 

8.33 

± 0.000 

8.34 

± 0.081 

Ocimum 

basilicum 

9.59 

± 0.033 

9.53 

± 0.020 

9.56 

± 0.667 

* Average of three determinations ± SEM 

 

 

The results of reusability and integrity study are 

shown in Table 4. Even after 15 cycles, the enzyme 

activity did not change. Hence, the developed beads 

were reusable. The stability of the formulated 

enzyme beads was studied at room temperature and 

refrigeration temperature (5°C) for 6 months by 

measuring the enzyme activity at the end of 1, 3 and 

6 months. The results showed that the enzyme 

activity did not change after 6 months at both the 

selected temperatures (Tables 5 and 6). Hence, it 

can be stated that the formulated beads were stable. 

Conclusion 

In conclusion, it can be stated that the developed 

beads prepared by extrusion-spheronization were 

suitable for immobilization of enzymes, due to their 

ideal properties like smooth surface, reusability, 

stability and preservation of enzyme activity. 
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