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Abstract 

Polyphenol oxidase from the pulp of banana (Musa sapientum L.) was extracted 

and was immobilized covalently onto inner wall of polyvinyl chloride 
(PVC/plastic) vial through glutraldehyde coupling. % of enzyme immobilization 

was found to be 53.2% on PVC vial. Various kinetic properties of the 
immobilized polyphenol oxidase were studied. The vial bound enzyme showed 

optimum activity at pH 6.5. The immobilized enzyme had an optimum 
temperature of 35°C and was stable for the temperature ranging from 250C-

450C. Immobilized Polyphenol oxidase showed optimum activity when 
incubated for 3 min with 50mM of guaiacol with a stability range of 3-12minutes 

of incubation time and 1-200mM of substrate concentration. Immobilized 
enzyme was reused 100 times over a period of 2 months, when stored at 4ᵒC. 

The method has the advantage that it provides the maximal reusability of 
immobilized enzymes with enormous ease as compared to free enzyme. 
Key words: Polyphenol oxidase; banana (Musa sapientum L.); Plasticized 

polyvinyl chloride. 

INTRODUCTION 

Polyphenol oxidase (PPO) enzymes, also known as polyphenol oxidases, are able to catalyze the 

transformation of an array of aromatic compounds that have two adjacent phenolic groups on 
them. This includes a number of polyphenols in plants that act as antioxidants. These copper-

containing enzymes oxidize the phenolic groups to reactive oxygen molecules known as 
quinones, which continue reacting with each other and other cellular factors to form brown 

spots known as melanin. This browning causes the deterioration of fruits and vegetables, 
resulting in large economic losses. Examples include the browning of bananas and avocados. [1]  
There are two types of PPOs. Catechol oxidase (catecholase) can catalyze an aromatic group 

with two adjacent phenols, a diphenol, to become two quinones. This is a relatively easy 
reaction to carry out. More difficult is tyrosinase (monophenolase) activity, which involves 

introducing one atom of oxygen onto a carbon atom of an aromatic group with one phenolic 
group on it, changing it to a diphenol, with the two phenolic groups being adjacent to each other. 

Then, the enzyme will mediate catechol oxidase activity on the molecule, transforming it to a 
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molecule with two quinones. Tyrosinase enzymes are also responsible for producing the 
melanin pigments in our skin. [2, 3] 

Fruits and vegetables contain many polyphenolic compounds that can act as substrates for 
PPOs. Chlorogenic acid, caffeic acid, epicatechin, and catechin are all polyphenols commonly 

found in fruits and vegetables that can be oxidized to quinones by PPOs. Such quinones are very 
reactive and can react with each other and surrounding proteins to generate a black pigment 

called melanin. This causes dark spots to form in the plant tissue, frequently making the fruit or 
vegetable inedible. Substantial losses can be caused by PPO activity. Fruit become particularly 

susceptible as they ripen. [4] 
Immobilization of the enzymes on an insoluble support had many advantages over the use of 

free enzymes such as enzyme reusability, improved stability, continuous operation, controlled 
product formation, simplified and efficient processing and often economy via glutaraldehyde 

coupling [6] or diazotization [7]. Modification of polymers on surface was performed by the 
introduction of active functional groups for covalent attachment of biomolecules such as 

protein, DNA and carbohydrates [8]. Plasticized polyvinyl chloride (PVC) has exceptional 
chemical and physical properties providing an ideal support for direct immobilization of 
enzyme after its chemical cleavage [9]. Considering these advantages, various enzymes were 

immobilized onto PVC sheet. The immobilization of Candida Cylindracea lipase was therefore 
done on Polyvinyl chloride chitin and agarose [10]. Covalent immobilization of enzymes onto 

surface of a polyvinyl chloride (PVC) sheet is one of the widely available, economic, chemically 
inert, corrosion free, tough, light weight and maintenance free. PVC provides a high strength-to-

weight ratio which does not allow leakage of enzyme [10, 13].  
In our present work, immobilization of Polyphenol oxidase was performed onto cost effective 

and easy-to-prepare plasticized activated polyvinyl chloride vial and studied for its kinetic 
properties and reusability.   

 

MATERIALS AND METHODS 

Extraction of polyphenol oxidase 

The enzyme polyphenol oxidase was obtained from banana (Musa sapientum L.) pulp and  

mixed with 0.5 M sodium phosphate buffer to obtain 25 gram of pulp. 
 

Activation of plasticized polyvinyl chloride vial 

The plasticized polyvinyl chloride vial was first incubated with nitrating acid (mixture of conc. 
HNO3 and H2SO4 in 5:1 ratio) for 24 hours to cleave oxidative polyvinyl chloride polymers into 

small chain polymers having protruding ends toward the surface. Then, this acid-treated 
plasticized polyvinyl cholride vial was rinsed with distilled water repeatedly after which the vial 

was incubated with 2.5% (w/v) glutaraldehyde solution in 0.05 M sodium phosphate buffer (pH 
7.0) for 48 hours at room temperature. The glutaraldehyde activated PVC vial was washed with 

distilled water many times to remove excess of glutaraldehyde [6,8,10].  
 

Immobilization of polyphenol oxidase enzyme onto activated plasticized polyvinyl 

chloride vial 

The activated polyvinyl chloride vial was incubated with 3 ml of polyphenol oxidase obtained 
from Musa pulp at 4ºC for 48 h in dark. The excess enzyme nanoparticles was decanted off and 

tested for activity and protein concentration. The polyphenol oxidase bound activated 
plasticized polyvinyl chloride vial was later stored at 4 ºC [8, 10]. 
 

Assay of activated plasticized polyvinyl chloride vial bound polyphenol oxidase  
The enzyme assay based was carried out by incubating the enzyme for 3 minutes at room 

temperature with the mixture of 2.7 ml sodium phosphate buffer (100mM) pH 6.0, 0.1 ml 
peroxide and 0.15 ml of 4% guaiacol in dark and read at A412 was read against control. Its 

conjugation yield and % retention of enzyme activity after immobilization was measured [10, 
14, 15, 16]. 
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Kinetic characterization  

The optimal pH, time of incubation and temperature for immobilized polyphenol oxidase were 

determined for its maximal activity by varying pH of 0.5 M sodium phosphate buffer (pH-6.0, 
6.5, 7.0, 7.5, 8.0), incubation time of 1, 3, 8, 12, 17 and 22 minutes and temperature range of 25 - 

45 °C (with an interval of 5 °C), respectively, and read at A412. The effect of substrate 
concentration on activity of immobilized enzyme was studied by performing the enzyme assay 

at different guaiacol concentration (1 mM – 200 mM) and read at A412 [14, 17, 18]. 
 

Reusability and storage stability of activated plasticized polyvinyl chloride vial bound 

polyphenol oxidase 

The enhanced storage and stability of activated plasticized polyvinyl chloride vial bound 
enzyme was studied over a period of 2 months during its storage 4 ºC. The immobilized 

polyphenol oxidase activity was measured at every week [17, 18].  
 

RESULT AND DISCUSSION 

Immobilization of polyphenol oxidase onto activated plasticized polyvinyl chloride vial  

Polyphenol oxidase was immobilized covalently onto inner wall of an activated plasticized 
polyvinyl chloride. During immobilization, vinyl polymers of plasticized polyvinyl chloride were 
spilled down by treating it with HNO3 and H2SO4 mixture which introduced nicks in long-chain 

polymer and generated free ends protruding from the polymer surface. These free ends were 
reacted with the aldehyde group of glutaraldehyde, one aldehyde group of a glutraldehyde 

reacted with free end of vinyl chain to form a –C=CH- bond between plasticized PVC sheet and 
glutraldehyde. That reaction process was lead to surface activation for covalent immobilization 

of polyphenol oxidase with plasticized PVC vial surface [5, 9, 24].  
 

Studied kinetic characterization of activated plasticized polyvinyl chloride vial bound 

polyphenol oxidase 

The Polyphenol oxidase immobilized polyvinyl chloride vial showed optimum activity at pH 6.5 
(Fig 1), which was the same as compared to the optimum pH for free enzyme recorded earlier 

[14, 17] whereas Palmer [18] reported different optimum pH for the peroxidase activity (7.0) of 
free enzyme.  

 

Fig 1: Graph showing % relative activity of PVC vial bound polyphenol oxidase enzyme at 

different pH. 
 

The optimum temperature for immobilized polyphenol oxidase was 35°C (Fig 2), which was a 
little higher than the optimum temperature of free enzyme at 30◦C as reported earlier. [17, 18] 
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This change signifies the protecting effect of support which might have stabilized the three 
dimensional structure of enzyme. 

 

Fig 2: Graph showing % relative activity of PVC vial bound polyphenol oxidase enzyme at 
different temperature. 

  
Effect of substrate concentration on the activity of immobilized polyphenol oxidase was studied 

in the concentration range from 1 mM to 200 mM. The maximum activity of immobilized 
enzyme was found with 50mM concentration of guiaciol (Fig 3).  The result was a little higher 

than previous studies. [14] 

 

Fig 3: Graph showing % relative activity of PVC vial bound polyphenol oxidase enzyme at 
different substrate concentration. 

 
Effect of incubation time on the activity of immobilized polyphenol oxidase was studied from 1-

22 minutes. The maximum activity of immobilized enzyme was found to be 3 minutes (Fig 4) 
which was pretty less than the free enzyme reported earlier. [17, 18]   
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Fig 4: Graph showing % relative activity of PVC vial bound polyphenol oxidase enzyme at 

different time of incubation. 
 

The change in the kinetic parameters of the immobilized enzymes nanoparticles might be due to 
change in the microenvironment or conformation of the enzymes nanoparticles after getting 

immobilized [4,6,8,10].  
 

Storage stability and reusability of activated plasticized polyvinyl chloride vial bound 

polyphenol oxidase 

The activated plasticized polyvinyl chloride vial polyphenol oxidase enzyme showed its activity 
for a period of 2 months, estimation of guaiacol through the enzyme assay of different samples 
as substrate. The PVC vial immobilized with peroxidase was retained 53.2%. The vial was 

reused 100 times over a period of 2 months, when stored at 4ᵒC. This was found to be higher as 
compared to free enzyme that remained active only for a week and started declining in the 

subsequent week clearly suggesting the stabilizing effect of immobilization on the enzyme. [18] 
 

CONCLUSION  

The activated plasticized polyvinyl chloride vial bound polyphenol oxidase has retained 53.2% 

of its initial activity after the glutaraldehyde coupling. Hence, this developed method has the 
advantage and cost effective over free enzyme due to having maximal reuse of immobilized 

enzyme with enormous ease up to 100 times over a period of 2 months along with its enhanced 
storage stability at 4oC. As well as, this method of covalent immobilization of polyphenol oxidase 

onto a PVC vial was not reported any significant change in its kinetic properties such as, pH, 
temperature and incubation time, substrate concentration. The optimum pH temperature, 

substrate concentration, and incubation time for the polyphenol oxidase enzyme activity was 
found to be 6.5, 350C, 100mM and 3 minutes respectively. So, overall interpretations were 
showed that this developed method of immobilization of polyphenol oxidase on to activated 

plasticized polyvinyl chloride vial its chemical modification with glutraldehyde coupling was 
cost effective and easy to perform with reduced labor as well as required minimal requirements 

of expensive chemicals and instrumentation too as compared to other conventional and 
advanced methods. 
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