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Abstract

Pectinase catalyze the breakdown of pectin polymer and widely has been 
used in different industrial preparations such as fruit juice preparation, liquification 
and scarification of plant biomass as well as coffee and tea fermentation. In this 
study, the pectinase from Bacillus licheniformis was compartmentalized within 
cellulose beads hydrogel using encapsulation technique to make it reusable 
with easy recovery from reaction mixture. The compartmentalization improved 
catalytic properties of pectinase and ensured its reusability for continuous uses. 
It was observed that 5.0% cellulose concentration was enough to form stable 
cellulose hydrogel beads with retention of high relative of activity of pectinase. 
The hydrogel compartmentalization didn’t change the optima pH and temperature 
for maximum relative activity and both the hydrogel compartmentalized 
pectinase and free pectinase maximum relative at same pH and temperature 
but the hydrogel compartmentalization increased the stability of pectinase 
against various temperatures and pH, and hydrogel compartmentalized 
pectinase showed higher relative activities against various temperature and 
pH as compared to free pectinase. The hydrogel compartmentalization slightly 
reduced the affinity of pectinase toward the substrate (pectin) and hydrogel 
compartmentalized pectinase showed little bit higher Km value as compared 
to soluble pectinase. Cellulose hydrogel compartmentalization retained the 
pectinase activity for reutilization in different reaction preparation and hydrogel 
compartmentalized pectinase showed more than 80% of its original activity after 
three times reusing.
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enzyme to specific support, crosslinking of enzyme into each other 
and compartmentalization of enzyme within polymer [16].

The compartmentalization of enzymes with polymer has less 
effect on structural and functional properties of enzymes, and the 
possibility of retention of enzymatic activity is higher as compared to 
others retain. The successful compartmentalization process depends 
on the type of polymer and protocol used for it. Immobilization 
protocols are trial and error methods to get fruitful results [17]. 
Polysaccharides are excellent, sustainable and biocompatible 
polymers with strong chemical and mechanical properties, and 
can be used as excellent support for the compartmentalization of 
enzymes for industrial preparations [18-20]. Cellulose is the most 
abundant polysaccharide and its hydrogel particles are spherical in 
nature, and can be used in various applications ranging from protein 
compartmentalization to drug delivery [21,22]. The cellulose hydrogel 
preparation is an easy process; start with dissolution and shaping 
of the cellulose solution, and sol-gel transition and solidification of 
solution into beads form [22]. In this study, cellulose beads were tried 
for the compartmentalization of pectinase to enhance its operational 
stability and make it reusable for continuous industrial processes as 
well as on demand utilization.

Introduction
Pectinase is an emerging enzyme in industrial sector due to its 

application in various industrial processes such as paper manufacture, 
production of fruit and vegetable juices, coffee and tea fermentation, 
textile preparations etc [1-3]. The low operational stability of 
pectinase in industrial preparation restricted its applications in 
industrial preparation. Numerous techniques are used such as 
immobilization, chemical modification, protein engineering and 
adding additives to upgrade enzyme properties for meeting industrial 
needs [4-8]. Immobilization is the most significant method that not 
only enhances the catalytic characteristics of enzymes but makes it 
reusable in multiple reactions. Immobilization manages the reaction 
process and the product can be recovered easily in immobilized 
enzyme reactions [9]. The immobilization techniques used to retain 
the enzyme by binding onto or within specific support and maintain 
its catalytic activity. The technique was initially utilized in the 
production of amino acids and catalysis of penicillin G [10,11]. The 
immobilized enzyme had great functional stability and a simple to run 
process [12,13]. It can perfectly be used for the production of essential 
substances and treatment of pollutants [14,15]. The Immobilization 
technique is classified into three main classes including binding of 
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Materials and Methods
Pectinase production

Bacillus licheniformis was used for pectinase production [23]. 
The pectinase was partially purified from cell free filtrates using 50% 
ammonium sulphate and used for further studies.

Compartmentalization of pectinase within cellulose 
hydrogel beads

The encapsulation of partially purified pectinase with cellulose 
beads was done by mixing equal amount of 5.0% cellulose with 
the enzyme solution and then the mixture was dropwise added in 
coagulation bath of ultra-pure distilled water with needle of fixed 
nozzle diameter (0.80 mm) [24]. The beads were washed with ethanol 
and dried at room temperature for further processes.

Enzyme activity
The enzymatic activity of both cellulose hydrogel 

compartmentalized pectinase and free pectinase was determined by 
measuring the concentration of galacturonic acid using the DNS 
method [25]. 0.5 g of compartmentalized cellulose beads hydrogel 
were added into 5.0 mL of 1.0% pectin solution and incubated at 45ºC 
for 10 min. 1.0mL reaction mixture solution was taken and added into 
1.0 DNS solution and boiled for 10 min. The solutions were cooled 
at room temperature and diluted up to 10 mL with deionized water. 
Finally, the galacturonic acid concentration was quantified using a 
spectrophotometer at 540nm.

“One unit of enzyme is defined as the amount required to produce 
1 µM of galacturonic acid per min under standard enzyme assay 
conditions”.

Influence of cellulose concentration
The influence of cellulose concentration on the preparation of 

pectinase compartmentalized cellulose hydrogel beads was analysed 
by using various concentrations of cellulose (1.0 to 10%) during the 
encapsulation procedure.

Influence of pH
The influence of pH on catalytic activity of both pectinase 

compartmentalized cellulose hydrogel beads and free pectinase was 
investigated via measuring the enzyme activity in different pH ranges 
(5-10).

Influence of temperature
The influence of temperature on the enzymatic activity of 

cellulose beads hydrogel compartmentalized pectinase was analysed 
by performing the enzyme in various temperatures (30ºC to 60ºC).

Influence of reaction period
The influence of reaction period on the catalytic activity of 

compartmentalized pectinase was analysed by measuring the enzyme 
assay in various reaction periods ranging from 05-20 min with 
reference of free pectinase.

Influence of substrate concentration
The influence of substrate concentration on the enzymatic reaction 

of both cellulose hydrogel beads compartmentalized pectinase and 
free pectinase was determined by measuring the enzyme activity in 
various substrate concentrations (1% to 10% pectin).

Thermal stability
The thermal stability of cellulose beads compartmentalized 

pectinase and free pectinase was investigated by pre-incubation of the 
compartmentalized pectinase cellulose hydrogel and free pectinase 
in various temperature ranging from 30ºC to 60ºC for 24 h before 
enzyme assay.

Reusability
The reusability of compartmentalized pectinase cellulose hydrogel 

beads was measured by re-utilization of same compartmentalized 
pectinase cellulose hydrogel beads multiple times. The beads were 
washed with deionized water after each reaction cycle and fresh 
substrate was added for the next reaction.

Results and Discussion
Influence of cellulose concentration on the 
compartmentalization of pectinase

The concentration of polymer is important to design hydrogel 
compartmentalized enzyme with maximum biological activities 
and the concentration of cellulose on the compartmentalization of 
pectinase from B. licheniformis within cellulose hydrogel beads was 
optimized using various concentration of cellulose ranging from 1.0 
to 10%. The relative activity of compartmentalized pectinase was 
increased with the increased of cellulose concentration and maximum 
relative was observed at 5.0% cellulose (Figure 1). The con-centration 
of cellulose is inversely proportional to the pore size. The pore size of 
cellulose hydrogel beads was decreased with the increased of cellulose 
concentration and 5.0% cellulose was enough to form pectinase 
compartmentalized cellulose hydrogel with retention of maximum 
relative activity. pectinase encapsulated cellulose bead bioreactor 
with the maximum immobilization yield. Higher concentration of 
cellulose reduced the relative activity of pectinase which may be due 
to hindrance effects of polymer pore size that limit the molecular 
interaction between enzyme and substrate. Lower concentration of 
cellulose formed fragile cellulose hydrogel beads with larger pore size 
and less stable to retained enzymes.

Influence of pH on the activity of cellulose beads hydrogel 
compartmentalized pectinase

The ionic strength of solution changes the orientation of enzyme 
and substrate to interact with each other and pH is important 

Figure 1: Influence of cellulose concentration on the encapsulation of 
pectinase from Bacillus licheniformis KIBGE-IB21 within cellulose beads. 
Symbols (means ± S.E., n=6).
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to provide an accurate ionic environment to maintain the fittest 
orientation of both enzyme and substrate for catalytic reactions. 
The effect of pH on biological activity of cellulose hydrogel beads 
compartmentalized pectinase was determined by performing the 
enzyme assay of compartmentalized pectinase in different pH (5-
10) with the comparison of free pectinase. The relative activity of 
compartmentalized and soluble pectinase had significantly changed 
against different pH and maximum activity was observed at 7.0 
(Figure 2). The compartmentalized pectinase showed higher relative 
activities against the acidic and basic pH as compared to free pectinase 
due to micro-environment of the polymeric network. The cellulose 
hydrogel compartmentalization didn’t affect fittest orientation of 
enzyme and substrate for reaction and pectinase compartmentalized 
cellulose hydrogel beads showed similar relative activity like soluble 
pectinase with greater stability.

Influence of temperature on the catalytic activity of 
cellulose beads hydrogel compartmentalized pectinase

The cellulose beads hydrogel compartmentalization didn’t 
change the optimum temperature for maximum relative activity 
of pectinase and both the hydrogel compartmentalized and free 
pectinase showed maximum enzymatic activity at 45ºC (Figure 3). 
However, the cellulose hydrogel compartmentalization enhanced the 
relative activity of pectinase against various temperature and hydrogel 
compartmentalized pectinase showed higher relative activities in 
various temperatures as compared free pectinase. The reduction of 
relative activity of soluble pectinase at higher temperature may be 

due to conformational changes of pectinase at higher temperature. 
The hydrogel compartmentalized pectinase faced less conformational 
changes due to the protective sheet of cellulose polymeric network 
and retained greater relative activity at higher temperature as 
compared to free pectinase.

Effect of reaction time on the relative activity of cellulose 
hydrogel compartmentalized pectinase

The effect of reaction time on the catalytic activity of cellulose 
beads hydrogel compartmentalized pectinase was determined by 
performing the enzyme assay for different reaction time (05-20 
min) with the comparison of free pectinase. The cellulose hydrogel 
compartmentalization changed the reaction time of pectinase for 
maximum relative and hydrogel compartmentalized pectinase 
showed maximum relative activity after 10 min of reaction period as 
compared to soluble pectinase which gave maximum activity after 05 
min of reaction period (Figure 4). The cellulose network may limit the 
diffusion of substrate to reach the active site of compartmentalized 
pectinase and therefore, the reaction time for maximum relative 
activity was increased to 10 min after hydrogel compartmentalization.

Thermal stability of cellulose hydrogel compartmentalized 
pectinase

Thermal stable enzymes are important for industrial applications 
because it can tolerate the harsh industrial reactions conditions. The 
rate of thermal deactivation of cellulose hydrogel compartmentalized 
pectinase was minor than the free pectinase at different temperature 
and compartmentalized pectinase maintained 100% of its original 
activity at 30ºC and 40ºC after 24 h. While, the free pectinase lost 
its more than 10 and 20% relative activity under same conditions. 
The free pectinase lost its complete enzymatic activity at 60ºC after 
24 hours but hydrogel compartmentalized pectinase showed more 
than 70% of its original activity at 60ºC after 24 hours. The polymeric 
network of cellulose hydrogel increased the rigidity of pectinase, so 
as compared to soluble pectinase the three-dimensional structure of 
pectinase within the polymeric network was less affected by higher 

Figure 2: pH influence on the relative activity of pectinase encapsulated 
cellulose beads with comparison of soluble pectinase. Symbols (means ± 
S.E., n=6).

Figure 3: Effect of different temperatures on the activity of cellulose beads 
encapsulated pectinase with comparison of soluble pectinase. Symbols 
(means ± S.E., n=6).

Figure 4: Reaction time influence on the relative activity of cellulose beads 
encapsulated pectinase bioreactor and free pectinase. Symbols (means ± 
S.E., n=6).

Enzyme Km Value Vmax value

Soluble Pectinase 1.017   23800 IU

Encapsulated Pectinase 1.12  16920  IU

Table 1: Km and Vmax values of pectinase encapsulated cellulose beads and 
soluble.
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temperatures.

Kinetic parameters
The Km and Vmax define the affinity between substrate and enzymes, 

and determine the efficacy of polymer and method used for the 
compartmentalization of enzymes. The Km and Vmax values of hydrogel 
compartmentalized pectinase was determined using lineweaver-Burk 
plot to investigate that how the hydrogel compartmentalization 
affects the affinity of enzyme and substrate. It was observed that the 
compartmentalization of pectinase within cellulose hydrogel slightly 
declined the Km and Vmax values of pectinase (Table 1). It has been 
indicated that the cellulose hydrogel due to its less steric obstruction 
effect on the active site of enzyme didn’t change the affinity of enzyme 
and substrate, and the enzyme didn’t lose its flexibility required to 
bind the substrate.

Reusability of cellulose hydrogel compartmentalized 
pectinase

The recycling efficacy of cellulose hydrogel compartmentalized 
pectinase is important for its cost-effective applications in various 
industrial preparation. The reusability of hydrogel compartmentalized 
pectinase was analysed by measuring the relative activity of hydrogel 
compartmentalized pectinase in various batch reactions (Figure 5). 
The compartmentalized pectinase exhibited excellent reusability 
and retained more than 70 % of its initial activity in the third cycle. 
The decrease of enzymatic activity is due to leaching out of enzyme 
from the cellulose hydrogel by washing of beads after each cycle. The 
compartmentalized pectinase cellulose beads retained more than 30% 
of its relative activity after 10 time reusing. 

Conclusions
Pectinase compartmentalized cellulose hydrogel beads was 

prepared by encapsulation of pectinase within cellulose polymer 
network to enhance its catalytic properties and ensure its reusability 
for continuous industrial processes. Maximum compartmentalization 
of pectinase was observed when 5.0% cellulose was used for hydrogel 
beads formation. The catalytic properties and kinetic parameters of 
compartmentalized pectinase were determined with the comparison 
of free pectinase. It was observed that both free and cellulose hydrogel 
beads compartmentalized pectinase showed maximum pectinolytic 
activity at 45ºC and pH 10. The hydrogel compartmentalization 
slightly changed the Km and Vmax of pectinase and compartmentalized 

Figure 5: Recycling efficiency of pectinase encapsulated cellulose beads in 
batch reactions. Symbols (means ± S.E., n=6).

pectinase showed higher Km and lower Vmax value as compared to 
soluble pectinase. The hydrogel compartmentalized pectinase showed 
excellent thermal stability against different temperatures ranging from 
30ºC to 60ºC as compared to free pectinase. The compartmentalization 
of pectinase within cellulose hydrogel enhanced the possibility of 
its reutilization and pectinase retained more than 80% of its initial 
activity even after reusing in three batches of reactions.
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