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Abstract 

 

Copolymer based on natural polysaccharide, Chitosan, Chs and synthetic polymer, poly vinyl alcohol, PVA was synthesized using am-

monium persulfate as radical initiator and sodium bicarbonate as foaming agent. Reaction conditions were optimized based on swelling 

percentage of copolymer. The copolymer, (Chs-co-PVA), was characterized by FTIR, SEM and XRD methods and was used as a support 

for immobilizing pectinase. The immobilized enzyme was found to be more stable than free enzyme and has a good binding efficiency 

(88.29%) with the copolymer. The effect of temperature, pH and metal ions on the activity of the bound enzyme towards hydrolysis of 

poly-α-(1-4)-D-galacturonic acid (PGA) was investigated. 

 
Keywords: Chitosan-PVA Copolymer, Pectinase, Immobilization, Hydrolysis, Polygalacturonic Acid. 

 

1. Introduction 

Recently, copolymers from natural and synthetic polymers, be-

cause of their inherent properties, are investigated extensively as 

they can be used as biomedical and biodegradable materials 

(Cascone et al. 2001). In the present study, a copolymer from nat-

ural polysaccharide, Chitosan and synthetic polymer, polyvinyl 

alcohol (PVA) has been synthesized. Chitosan, a copolymer of 

glucosamine and N-acetyglucosamine units, is one of the most 

abundant natural amino polysaccharide. Special properties like 

high solubility, biodegradable, biocompatible, non-toxic, muco-

adhesive and anti-bacterial nature of Chitosan makes it useful in 

different fields like industrial, pharmaceutical and biotechnologi-

cal (Majeti and Kumar, 2000) such as biomaterial production, 

enzyme immobilization, drug delivery, wound dressing, dental 

applications etc (Lei, 2003; Oh et al., 2008; Prabaharan, 2005). 

PVA, on the other hand, is a water-soluble polyhydroxy synthetic 

polymer, possessing unique properties of high degree of swelling 

in water, desirable mechanical properties and low toxicity and as 

such plays a significant role in biomaterial engineering such as 

artificial cartilage, drug delivery systems, microorganism enwrap-

ping, cell micro-capsulation, anti-thrombin materials, and biomed-

ical sponges (Francois et al., 2007; Coluccio et al., 2006; Bajpai 

and Manish, 2006). Therefore, combining the intrinsic properties 

of the natural polymer, Chitosan, and synthetic polymer, PVA, in 

the form of a blend or a copolymer, would bring forward a materi-

al with enhanced applications. Chitosan blended with PVA has 

been reported to have good mechanical and chemical properties 

and have been extensively used for water treatment, controlled 

drug-release and is beneficiary for dye adsorption (Ngah et al., 

2004; Kumar et al. 2009; Wang et al., 2005; Liang et al., 2009).  

The copolymer from Chitosan and PVA, Chitosan-co-PVA, pre-

pared by chemical method has been used as a support for enzyme 

immobilization. Among various known enzymes, pectinases are  

 

 

heterogeneous pectinolytic group of enzymes that catalyze the 

hydrolysis of pectin substances responsible for the turbidity and 

undesirable cloudiness in fruits juices.  

Chemical immobilization of pectinase on Fe3O4/SiO2-g-

poly(PSStNa)-cl-Chitosan (Fe3O4/SiO2/ poly(sodium4-

styrenesulfonate)/Chitosan) nano-composite microspheres was 

studied by Lei et al. (2011) The immobilized enzyme showed 

improved storage stability as well as enhanced performance at 

higher temperatures and over a wider pH range. Szaniawski and 

Spencer (1997) examined the effect of immobilized pectinase on 

the microfiltration of dilute pectin solutions by macroporous tita-

nium membranes and immobilized enzyme was found to be very 

effective for the degradation of the pectin solution. The 

macroporous polyacrylamide (PAAm) microspheres with large 

surface area were used to covalently immobilize pectinase onto 

them (Lei and Jiang, 2011). The immobilized pectinase displayed 

improved thermal and storage stability and also exhibited better 

reusability than pectinase entrapped in alginate reported by Roy et 

al.(2003)  

From the foregoing discussion, it is thus observed there is a mea-

ger data on supports such as the copolymer of two polymeric 

backbones offering a combination of different functional groups to 

trap the enzymes. In view of the above, it was therefore, thought 

worthwhile to prepare a copolymer based on Chitosan and PVA 

and used it as a support for the immobilization of pectinase. The 

prepared copolymer was characterized and the hydrolytic proper-

ties of the immobilized pectinase were evaluated with respect to 

the temperature, pH and metal ions. 

2. Experimental 

2.1. Materials and method 
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Chitosan (Himedia, Mumbai, India), PVA (Qualikems Fine Chem. 

Pvt. Ltd., Vadodara, India), sodium bicarbonate (NaHCO3) (S.D. 

Fine, Mumbai), a foaming agent and ammonium persulfate (APS) 

(S.D. Fine, Mumbai), a free radical initiator, were used as re-

ceived. Distilled water was used throughout the study as the reac-

tion medium.  

Tri sodium citrate buffer (Himedia, Mumbai, India), 

polygalacturonic acid (PGA) (Sigma-Aldrich, Steinheim, Germa-

ny) were used as received. Metal ions (Himedia, Mumbai, India 

and S.D. Fine, Mumbai), Pectinase (Department of Biotechnolo-

gy, H.P.University, Shimla, H.P., India), glutaraldehyde (Lancas-

ter Synthesis, Eastgate White Lund, Morecambe, England), and 

bovine serum albumin (Sisco Research Laboratory, Mumbai, In-

dia) were of analytical grade and were used as received. 

2.2. Synthesis of chitosan-PVA copolymer 

The copolymer, Chitosan-co-PVA, was prepared by chemical 

method. PVA (0.500 g) was dissolved in 3mL of distilled water at 

room temperature and to it was added Chitosan (0.500 g) and dis-

solved. The mixture was stirred to prepare a thick dispersion and 

to it was added the initiator, APS (10.96 x10-2 to 25.58 x10-2 

mol/L) and the resulting dispersion was again stirred for 3-4 min. 

In the meantime, NaHCO3 (9.92 x 10-2 - 13.88 x 10-2 mol/L) was 

also added during stirring. Thick dispersion so obtained was heat-

ed for 4h at 70oC. After the stipulated time, the product was 

washed thoroughly with water and dried. 

2.3. Enzyme assay and protein estimation 

Pectinase assay was done by standard colorimetric method using 

polygalacturonic acid as substrate. The reducing sugars released 

were measured by arsenomolybdate method of Nelson (1944) and 

Somogyi(1952). Protein estimation was carried out by the method 

of Lowry et al (1951). 

2.4. Immobilization of pectinase onto chitosan-co-PVA 

copolymer 

Pectinase was immobilized onto the Chitosan-co-PVA copolymer 

support through physical adsorption. About 5 g of powdered Chi-

tosan-co-PVA copolymer was incubated with 10 ml tri-sodium 

citrate buffer 0.05 M of pH 5.0 for 1 h at 37°C in a water bath. 10 

ml of purified pectinase (15.98 U/ml, protein content 0.102 mg 

and specific activity 156.66 U/mg) was added to matrix and incu-

bated for 1 h at 37°C. The matrix was then given 3-4 washings 

with tri-sodium citrate buffer (0.05 M, pH 5.0) to get rid of un-

bound enzyme. The matrix-bound pectinase was then cross-linked 

using glutaraldehyde (1%, v/v) for 1 h at 37°C in a water-bath. 

The matrix-bound biocatalyst was further given 3 washings with 

tri-sodium citrate buffer (0.05 M, pH 5.0) to get rid of traces of 

activating agent. Enzyme activity was determined using 20 mg of 

immobilized pectinase. The immobilized protein in matrix was 

determined by subtracting unbound protein in the supernatant 

from the total protein used for immobilization. 

2.5. Evaluation of the hydrolytic properties of the co-

polymer bound pectinase 

The hydrolytic properties of the copolymer bound pectinase as a 

hydrolase for polygalacturonic acid (PGA) were studied with re-

spect to the reaction parameters such as temperature, pH and metal 

ions and compared with those of the free enzyme. 

2.5.1. Effect of temperature 

The effect of the reaction temperature on the activity of the free 

and immobilized pectinase for the hydrolysis of PGA was studied 

at pH 5.0 in the temperature range 40–75ᵒC under shaking (150 

rpm) for the maximal hydrolytic activity of the bound pectinase. 

2.5.2. Effect of the pH 

The catalytic activity of the free and copolymer-bound pectinase 

in the hydrolysis of PGA at 60oC under shaking was investigated 

at different pH (4.5–6.5), and the residual pectinase activity was 

measured. 

2.5.3. Effect of salt ions 

The effect of ions on hydrolytic activity of the copolymer-bound 

pectinase was studied and compared to the initial pectinase activ-

ity, which was determined in the absence of salt ions. The co-

polymer bound pectinase was incubated for 1h at room tempera-

ture in 10mM stock solutions of metal salts (MgSO4, FeCl3, 

HgCl2, CaCl2, MnCl2, ZnCl2, CuSO4, AlCl3, NaCl, and LiCO3). 

After 1 h, the bound lipase was separated from the salt ions by 

centrifugation (150 rpm) and was checked for pectinase activity at 

60oC. 

2.6. Stability of the copolymer-bound pectinase 

The copolymer bound pectinase was incubated at 60oC in a water 

bath under shaking. Its activity was checked against the hydrolysis 

of PGA in tri-sodium citrate buffer (pH 5.0) after regular time 

intervals of 1 h and compared with the activity of free pectinase 

under the same conditions. 

2.7. Reusability of the copolymer-bound pectinase 

The reusability of the immobilized pectinase at 60°C, pH 5.0 was 

checked for 5 cycles. The enzyme activity after each cycle was 

measured. 

2.8. Characterization 

The Chitosan-co-PVA copolymer and the immobilized copolymer 

have been characterized by fourier Transform Infrared Spectros-

copy, (FTIR), Scanning Electron Microscopy (SEM) and X-Ray 

Diffraction (XRD) techniques. The surface topology and homoge-

neity of the gelatin-co-PVA copolymer was studied by SEM 

QUANTA 250. 

3. Results and discussion 

3.1. Synthesis of chitosan-co-PVA copolymer 

Ammonium persulfate, a well-known radical initiator, is used for 

polymerization and copolymerization reactions. Both sulfate radi-

cal ion and hydroxyl radicals from APS generate active sites on 

the polymer backbones through abstraction process. The active 

free radical sites on the polymer backbones offers sites for further 

reactions. In the present case, active radical sites, generated on the 

Chitosan and PVA polymer backbones, combine to yield the Chi-

tosan-PVA copolymer, (Chs-co-PVA). Sodium bicarbonate is 

used, along with APS, as a foaming agent and helps to give a co-

polymer with good porosity. 

The reaction parameters were optimized with respect to the swell-

ing percentage studied as a function of time.  

3.1.1. Effect of NaHCO3 concentration 

Fig.1 demonstrates the effect of NaHCO3 concentration on percent 

swelling of (Chs-co-PVA) copolymer. It is observed from the 

figure that percent swelling increases with increasing [NaHCO3] 

and time of swelling giving maximum percentage swelling 

(183.89% in 540 min) at 13.88x10-2 mol/L of NaHCO3 beyond 

which it becomes constant.  
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Fig. 1: Effect of [Nahco3] on Percent Swelling of (Chs-Co-PVA) Copoly-

mer. 

3.1.2. Effect of the APS concentration 

The relationship between the initiator concentration and water 

absorbency characteristics of (Chs-co-PVA) was studied as a func-

tion of APS concentration and the results are presented in Fig.2. 

Percent swelling increases with increasing [APS], reaches maxi-

mum (730.18% in 510 min) at [APS] = 22.00 x10-2 mol/L and 

becomes constant thereafter. 
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Fig. 2: Effect of [APS] on Percent Swelling of (Chs-Co-PVA) Copolymer. 

3.1.3. Effect of the amount of water 

The amount of water ascertains the formation of the copolymer 

which can holds its physical structure, obtained as a monolith, 

strongly. Therefore, the effect of water as a reaction medium on 

the swelling percentage of the copolymer was studied and the 

results are presented in Fig.3. It is observed from the figure that 

maximum percentage of swelling (730.18% in 510 min) was ob-

tained for the sample prepared by using 3.0 mL of water. An in-

crease or decrease in the amount of water beyond the optimum led 

to a decrease in the swelling percentage. The low swelling below 3 

mL of water may be due to the insufficient amount of water for 

the homogenization of the reaction while the amounts higher than 

the optimum were found to be excessive for holding the copoly-

mer structure. 
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Fig. 3: Effect of Amount of Water on Percent Swelling of (Chs-Co-PVA) 

Copolymer. 

3.1.4. Effect of the temperature 

The effect of temperature on percent swelling of the copolymer, 

prepared in the temperature range (50oC -75oC), was studied and 

the results are presented in Fig.4. Percent swelling increases with 

increasing temperature and time of swelling, giving maximum 

swelling (730.18% in 510 min) at 75oC. At temperature lower than 

that of 75 oC, the initiator is not completely dissociated thus affect-

ing the number of active sites on the polymers while at higher 

temperatures, increase in the chain transfer reactions results in the 

reduction of active sites on both Chitosan and PVA and hence the 

formation of the copolymer in both the cases is disturbed and low-

ering of percentage of swelling is observed. 

 
Fig. 4: Effect of Temperature on Percent Swelling of (Chs-Co-PVA) Co-

polymer. 

3.1.5. Effect of time 

Swelling percentage of (Chs-co-PVA) copolymers prepared at 

different reaction times was studied results are presented in Fig.5. 

It is observed from the figure that percent swelling increases with 

time of reaction and time of swelling giving maximum swelling 

(730.18% in 510min) for the samples prepared for 4h of reaction 

time beyond which it decreases. Low swelling in samples, pre-

pared at reaction time less than 4h is due to insufficient time for 

completely activating Chitosan and PVA backbones and hence the 

formation of the copolymer. However, increase in the time of 

reaction, beyond the optimum; affects the copolymer structures 

due to chain scission reactions affecting swelling characteristics of 

the copolymer. 



120 International Journal of Advanced Chemistry 

 

0 60 120 180 240 300

0

100

200

300

400

500

600

700
P

e
rc

e
n

t 
sw

e
lli

n
g

Time

 3h

 4h

 5h

 
Fig. 5: Effect of Time on Percent Swelling of (Chs-Co-PVA) Copolymer. 

3.2. Characterization of the Chs-co-PVA copolymer 

3.2.1. FTIR spectroscopy 

FTIR spectra of Chs-co-PVA copolymer and Chs-co-PVA copol-

ymer immobilized pectinase enzyme are presented in Fig 6. The 

spectrum of the copolymer shows a broad band between 3600-

2800 cm-1 due to associated hydroxyl groups of Chitosan and 

PVA. The peak covering the region between 1650 and 1500 cm-1 

is due to the carbonyl and N-H stretching of the acetylated groups 

of the Chitosan. In the IR spectrum of the enzyme immobilized 

Chs-co-PVA copolymer, the broad peak of the associated O-H 

groups becomes moderately sharp between 3500-3400 cm-1 and a 

sharp peak at 1625 cm-1 due to >C=O of carboxylic acid and a 

peak at 1100 cm-1 of ether linkage of the pectinase appear indicat-

ing a successful binding of the enzyme on the copolymer matrix. 

 
Fig. 6: IR Spectra of (A) (Chs-Co-PVA) and (B) Pectinase Immobilized 

(Chs-Co-PVA) Copolymer. 

3.2.2. Scanning electron microscopy 

Figure 7a & b represents the SEM of the Chitosan and Chs-co-

PVA copolymer. It is observed from the figure that Chitosan has a 

smooth surface with straps and shrinkage which upon interaction 

with PVA yields (Chs-co-PVA) copolymer, that undergoes a 

change in the surface morphology exhibiting a thick dense but 

porous structure with small cavities distributed on the entire sur-

face of copolymeric matrix. 

 
(a) 

 

 
(b) 

Fig. 7: SEM of (A) Chitosan (B) (Chs-Co-Pva) Copolymer. 

3.2.3. XRD 

X-ray diffraction studies of (Chs-co-PVA) was carried out and 

compared to that of pristine Chitosan and the respective 

diffractograms are presented in Figs. 8a & b. XRD pattern of Chi-

tosan (Fig.8a) shows two strong peaks at 22 o and 28o on the 2Ө 

scale with respective intensities at 250 and 175 indicating amor-

phous nature of the polymer while the XRD patterns of the copol-

ymer (Chs-co-PVA) shows a single peak at 22 o with increased 

intensity at 275 indicating that the copolymer attains crystalline 

nature upon reacting with PVA. 
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Fig. 8: XRD of (A) Pure Chitosan and (B) Chitosan-Co-PVA 

3.3. Immobilization of pectinase onto Chs-co-PVA Co-

polymer 

The mode of binding of the protein and the ability of the support 

to retain the enzyme in its active form are important characteristics 

for the enzyme’s utility. In the present study, the immobilization 
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of pectinase onto the copolymer is through physical adsorption 

from its suspension in tri-sodium citrate buffer (0.05M, pH 5.0, 

15.98 U/mL activities). Maximum (72.28%) protein binding effi-

ciency at pH 5.0 was observed. The enzyme binding efficiency 

was 88.29% and enzyme unbound efficiency was found to be 

11.71%. 

3.4. Evaluation of the hydrolytic properties of the co-

polymer bound pectinase 

The hydrolysis of PGA both by free pectinase and the copolymer-

bound pectinase was studied as a function of reaction variables 

such as the temperature and pH, which affected the activity of the 

enzyme. The effect of different metal salts on the activity of the 

bound enzyme and the stability and reusability of the bound pecti-

nase was also studied. 

3.4.1. Effect of the temperature on copolymer-bound pectinase 

activity 

The effect of the temperature on the activity of the immobilized 

pectinase and free pectinase for the hydrolysis of PGA at pH 5.0 

was studied and the results are presented in Fig.9. It is observed 

from the figure that the activity of both free and the bound enzyme 

increases with temperature, giving maximum activity (15.88 

U/mL) at 60oC beyond which it decreases to as low as 6.54 U/mL 

at 75oC for the free pectinse. In case of the immobilized pectinase, 

the activity was found to increase continuously with increasing 

temperature, giving a maximum activity of 14.13 U/mL at 65oC. 

Further increase in the temperature led to the decrease in the activ-

ity to 10.55 U/mL at 75oC which is much better than that of free 

pectinase activity at this temperature. 
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Fig. 9: Effect of Temperature on Free and Immobilized Pectinase Activity. 

3.4.2. Effect of the pH on the copolymer-bound pectinase ac-

tivity 

The activity of the enzyme also depends on the pH of the medium 

in which the activity is to be measured. Therefore, in this study, 

the effect of the pH on the activity of the free pectinase and im-

mobilized pectinase during the hydrolysis of PGA was studied, 

and the results are presented in Fig.10. The immobilized pectinase 

was found to be more stable and showed comparable maximum 

activity (15.81 U/mL) at higher pH (5.5) to the free pectinase 

which showed slightly higher activity (15.95 U/mL) at pH 5.0. At 

pH higher than 5.5 also, the bound retains the activity better than 

the free enzyme. The pH effects could have manifested because of 

the partitioning of protons between the solution and the support 

surface thus affecting the reaction under study. 
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Fig. 10: Effect of pH on Free and Immobilized Pectinase Activity 

3.4.3. Effect of Salt ions on the copolymer-bound pectinase 

activity 

The effect of salt ions on the hydrolytic activity of pectinase incu-

bated in salt ions (10mM stock solutions of MgSO4, FeCl3, HgCl2, 

CaCl2, MnCl2, ZnCl2, CuSO4, AlCl3, NaCl, LiCO3) was deter-

mined and compared to the initial pectinase activity, which was 

determined in the absence of salt ions and the results are results in 

presented in Fig.11. All of the salts studied showed lower enzyme 

activity of pectinase as compared to the activity shown by the free 

pectinase and the bound enzyme. Among the various salts used, 

CuSO4 showed the highest activity (13.63 U/mg) which was found 

to be lower than the free enzyme (15.98 U/mL) and the bound 

enzyme (15.81U/mg) while the activity in the presence of other 

metal salts lies between 6.57 U/mg to 12.95 U/mg. The decrease 

in the activity may be due to the reason that the metal ions inter-

acts with the active functionalities on the enzyme thus blocking 

the active sites involved in the hydrolysis and hence lower effi-

ciency is observed. 
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Fig. 11: Effect of Metal Ions on the Activity of Immobilized Pectinase 

Activity. 

3.5. Storage stability of the copolymer-bound pectinase 

The hydrolytic activities of the free pectinase and copolymer-

bound pectinase were measured and compared as a function of 

storage time of incubation, and the results are presented in Fig.12. 

It is observed from the figure that the activity of free pectinase 

decreased with increasing time of incubation from the maximum 

(15.98 U/mL) to (0.002 U/mL) after 40 days of incubation i.e., the 

activity of free enzyme decreased drastically with increasing num-

ber of days to 0.01% of relative activity in 40 days. In case of the 

copolymer-bound pectinase with hydrolytic activity (14.09 U/mg) 

showed slight decrease in its hydrolytic activity after 5days of 
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incubation (13.58 U/mg), which further decreased to as low as 

3.68 U/mg but higher than that of free enzyme after 40 days of 

incubation. The immobilized pectinase showed 3.68% of relative 

activity even after 40 days. The drastic decrease in stability of free 

enzyme may be attributed to the fact that the exposure of the ac-

tive site to room temperature for a long time affected the active 

sites of the enzyme and hence decreased the activity. 
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Fig. 12: Stability of Free and Immobilized Pectinase (Enzyme Activity). 

3.6. Reusability of the copolymer-bound pectinase 

The recycling capability of the immobilized pectinase was deter-

mined by reusing it to 5 cycles of hydrolysis of PGA and the re-

sults are presented in Fig. 13. The new substrate was added for 

new reaction until 5 batches and activity was measured after every 

cycle. It was observed that the activity of the immobilized pecti-

nase started to decrease after first batch and 69.198%, 49.82% and 

21.15% of the activity was shown after second, third and fourth 

batches. The activity decreased to 4.6% after the fifth cycle. This 

decrease might be due to the leaching out of the enzyme from the 

matrix due to repeated washings after every cycle or due to the 

conformational changes due to repeatedly using the enzyme 

(Rehman, 2014). 
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Fig. 13: Reusability of the Copolymer-Bound Pectinase 

4. Conclusion 

Chitosan and PVA are successfully copolymerized thermo-

chemically and immobilization of the pectinase enzyme was 

achieved. The copolymer, Chs-co-PVA, showed good swelling 

properties and mechanical strength in comparison to pristine pol-

ymers, Chitosan and PVA. The hydrolytic activity of the bound 

enzyme towards the hydrolysis of PGA was successfully carried 

out and compared with that of the free enzyme. The bound en-

zyme was more stable at different temperatures and pH values and 

also retained a higher hydrolytic activity.  
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