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ABSTRACT  

In the current study, three types of common plants, namely Tomato (Solanum lycopersicum), 

Cucumber (Cucumis sativus) and Orange (Citrus sinensis) were obtained and screened for their 

polyphenol oxidase (PPO) activity, Among the three plants, Solanum lycopersicum was chosen with 

maximum enzymatic activity, it had the highest productivity of the enzyme (23733 U/mg protein).The 

PPO from Solanum lycopersicum was purified using two steps: concentration by sucrose and gel 

filtration by using Sephacryl S-200. The results showed an increase in the final purification folds by 

2.4 times with an enzyme yield of 32.6%. The immobilization studies showed that PPO was more 

stable when immobilized on chitosan by covalent linkage with immobilization ratio of 62%, in 

comparison with agar-agar by entrapment method (36%). The removal efficiency of crude and partial 

purified PPO was studied with textile dyes, including yellow, red, black and blue dyes at optimum 

conditions: pH 5, temperature 40
o
C after 3 hrs. Maximum removal efficiency of dyes observed with 

crude PPO were 53.9, 81.4, 86.5 and 79.6% respectively. However, purified PPO displayed removal 

efficiency reached 60.3, 84.3, 84.6 and 77.5% respectively. The potential of immobilized PPO on 

chitosan was evaluated by decolorization of black textile dye in packed bed bioreactor in batch 

operation. The results indicated that immobilized PPO in batch operation has the ability to remove 

99% of the dye after 2 hrs, and the results showed a positive relationship between the degradation rate 

and incubation time in batch operation. 
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 المستخلص
 (Solanum      lycopersicum) شملت الطماطة  polyphenol oxidaseزيم في قابليه انتاجها لانثلاثة نباتات غربله تضمنت الدراسه الحاليه 

وحدة/  23733اذ بلغت  باحتواءه على اعلى فعاليه انزيميهانتخب نبات الطماطه  (Citrus sinensis) البرتقالو   Cucumis sativus))الخيارو   
بخطوتين تضمنت الاولى التركيز بالسكروز اما الثانيه فكانت بالترشيح  النبات المنتخبالمنتج من  polyphenol oxidaseملغم بروتين. نقي انزيم 

 قيد%.  32.6والحصيله الانزيمية  2.4اذ بلغت في الخطوه الاخيره ، بينت النتائج زيادة في عدد مرات التنقيه s-200الهلامي باستخدام السيفاكريل 
تقييده بوساطه ب% مقارنه 62اكثر ثبات عند تقييده بماده الكيتوسان بوساطه الربط التساهمي اذا وصلت نسبه التقييد الى  قتين حيث كانبطريالانزيم 

حمراء، والمنقى في ازاله صبغات معامل الانسجه المتمثله بالصبغه الصفراء ، ال خام%. درست كفاءه الانزيم ال36الى لاكار اكار اذا وصلتالحجز بماده ا
. وصلت اعلى كفاءه لازله الصبغات الاربعه بعد ثلاث ساعات oم 40ودرجه حرارة  5السوداء والزرقاء عند الظروف المثلى المتمثله بداله حموضه 

على التوالي ، كذلك وصلت اعلى كفاءه لازاله الصبغات باستخدم الانزيم المنقى الى  79.6%و 86.5 و 81.4و 53.9باستخدام الانزيم الخام الى 
المفاعل  بنظام الوجبه في% على التوالي. درست كفاءه الانزيم المقيد بماده الكيتوسان في ازاله الصبغه السوداء  77.5و 84.6و 84.3و 60.3

بنظام في كفاءه ازاله الصبغه بين معدل ازاله الصبغه وفترة الحضانه اليه هناك علاقه طرديه % بعد ساعتين. بينت الدراسه الح99الحيوي ، اذا بلغت 
 .الوجية 

 الطماطة، مفاعل حيوي، صبغات صناعية نبات ،انزيم  كلمات مفتاحية:
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INTRODUCTION 

In line with the evolution of the petroleum 

industry, the area of oil-polluted soil has 

increased continuously. Thus, it becomes a 

natural question of treating the oil-polluted soil 

to retrieval level in a short time (30). The 

bioremediation technology could be beneficial 

because of its pollution-free, low cost and 

highly efficient characteristics. In recent years, 

this technology has developed quickly and 

different microorganisms with special 

biochemical and physiological functions have 

been screened, which promote the 

bioremediation technology for further 

application and development (12). The crude 

oil filtrated into soil through varying ways and 

interacted with soil enzymes (2). On the one 

hand, the enzymes from oil-degrading plants 

could be an indicator for assaying the amount 

and physiochemical property of crude oil. On 

the other hand, the enzymes had the great 

ability to degrade the petroleum. The activities 

of the enzymes indicated the intensity and 

tendency of various biochemical reactions, 

though the amounts of the enzymes were quite 

small. In a sense, the enzyme, a living 

molecular unified with the environmental 

factors, could degrade the oil to simple 

chemical compounds. It is necessary to give 

greater attention to investigating the 

relationship between environmental pollution 

and the enzymes from oil-degrading plants and 

the suitable parameters of enzyme activity. 

Polyphenol oxidase (PPO) is a monophenol, 

dihydroxy-L-phenylalanine oxygen 

oxidoreductase, (E.C.1.14.18.1), which occur 

in many plants together with phenolics. It’s an 

enzyme that catalyzes the oxidation of mono-, 

di- and poly-hydric phenols to o-quinones. 

Different names have been associated with this 

enzyme including catecholase, cresolase, 

tyrosinase, phenolase and diphenolase (21). 

The enzyme is widely distributed on the 

phylogenic scale and is responsible for the 

harmful effect of enzymatic browning 

reactions in foods and other materials. It is 

known that browning reactions, initiated by 

the enzyme, occur generally post-harvest when 

the tissues are exposed to stress conditions, 

deterioration, or during handling, storage and 

processing (29). PPO has been widely studied 

and characterized in a variety of tissues, such 

as tomato (26), sweet potato (20), potato and 

taro (10), eggplant (7), palmito (20), apple 

(22), pears (13), grapes (24), peppermint (20), 

oregano (10) and artichoke (1). The aim of this 

study is the extraction, purification, 

immobilization and decolorization of some 

textile dyes by polyphenol oxidase from plant 

sources. 

MATERIALS AND METHODS 

Plants 
The plants used throughout this study were 

locally available in the market. Solanum 

lycopersicum (Tomato), Cucumis sativus 

(Cucumber) and Citrus sinensis (Orange) were 

used as a source of material to screen for 

polyphenol oxidase activity. 

Extraction and recovery of PPO  
One hundred gm of each plant were 

homogenized, with the mixing performed by 

using a blender for 10 mins at room 

temperature. The slurry was filtrated through 

gauze to remove any cell debris from the 

preparation, then centrifuged at 8000 rpm for 

10 mins. The clear supernatant obtained 

represented the crude extract, and was assayed 

for PPO activity. 

PPO activity  
Polyphenol oxidase enzyme activity was 

estimated according to the method described 

by Zian and Pekyardimici (33) using ortho-

catechol as a substrate. The oxidation of ortho-

catechol was detected by measuring the 

absorbance increase at 420 nm using a VIS- 

spectrophotometer. The protein concentration 

was measured according to the method 

described by Bradford (4). 

Purification of PPO 
Purification of the enzyme was determined by 

two methods: concentration by dialysis and gel 

filtration. 

Enzyme concentration by dialysis 
The crude enzyme solution was concentrated 

by using sucrose, then the enzyme activity and 

the protein concentration was measured. 

Gel filtration chromatography 
The column was prepared and packed 

according to the instructions of the 

manufacturing company (Pharmacia-Sweden). 

The concentrated enzyme by dialysis was 

passed through sephacryle S-200 column with 

the dimensions 21×1.6 cm. The elution was 

done by using 0.2M of sodium phosphate 
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buffer solution, pH 7.0 with flow rate of 20 ml 

/ h, 3ml for each fraction. The protein was 

estimated in each fraction at wave length 280 

nm, then enzyme activity was measured in 

these fractions. Effective fractions were 

collected and then its volume was measured as 

well as its activity and protein concentration 

were estimated. 

Immobilization of PPO enzyme 

Immobilization of PPO by entrapment 

methods  

Entrapment in agar-agar 

2ml of purified PPO was mixed with 5ml of 

sterile agar-agar solution (2%) at 40
o
C. It was 

shaken for a few minutes and poured into a 

sterile petri dish and allowed to solidify. After 

solidification, cubes of 1×1×1cm were cut and 

washed with distilled water. Next, the cubes of 

agar-bounded enzyme were stored in 0.1 M of 

sodium acetate buffer pH 5 at 4
o
C, and then 

the immobilized enzyme activity was assayed 

(28). 

Immobilization of PPO by covalent methods 

Covalent linkage by chitosan 
1gm of chitosan was added to 10ml of 2% 

gluteraldehyde solution, stirred gently and 

mixed for 2 hrs at 4 
o
C, followed by an 

overnight incubation. The gluteraldehyde 

bounded chitosan was washed extensively 

with water to remove the unbounded 

gluteraldehyde, then mixed with 10ml of 

purified enzyme solution at 4
o
C overnight for 

enzyme immobilization (5). The resulting 

chitosan-gluteraldehyde-PPO conjugates were 

separated and washed, then immobilized 

enzyme activity was determined. 

Decolorization (%) = Initial Absorbance – 

Final Absorbance / Initial Absorbance x 100 

Determination of the immobilized PPO 

activity 
Immobilized PPO activity was estimated 

according to the method described by (33) by 

using 30 mg of immobilized enzyme instead of 

0.1 ml of enzyme. The oxidation of ortho-

catechol was detected by measuring the 

absorbance increase at 420 nm using a VIS- 

spectrophotometer.  

Application of PPO enzyme 

Dye decolorization of textile black dye in 

packed bed-reactor by an immobilized 

crude PPO 

Batch operation  
Cylindrical packed bed-reactor (420 ml) was 

prepared with working volume 385 ml and 

then was loaded with the immobilized PPO 

734 U/mg. The dye (textile black) was 

obtained from the Al-diwaniyah textile 

factory, which had a concentration of 30 mg/l. 

To determine the decolorization rate of the dye 

by chitosan immobilized PPO, the samples 

from the outlet of the reactor were taken at 

different incubation times (0, 1, 2, 3 and 

24hrs). The percentage of removal efficiency 

for the dye was calculated by the difference in 

absorbance at λ max according to Zhang et al 

(32). 

 
RESULTS AND DISCUSSION  

Extraction and recovery of PPO enzyme 
In this study, three types of commonly used 

plants, namely Tomato (Solanum 

lycopersicum), Cucumber (Cucumis sativus) 

and Orange (Citrus sinensis) were obtained 

and screened for their PPO activity. It was 

observed from the results that Solanum 

lycopersicum gave the highest enzymatic 

activity. PPO specific activity reached 23733 

U/mg protein, whereas the PPO specific 

activity of Cucumis sativus and Citrus sinensis 

were 1688 and 0 U/mg protein respectively 

(Fig.1). Rodríguez etal (25) were extracted 

PPO enzyme from tomato roots. Also Shanti 

with coworkers (26) were extracted PPO from 

the peel and pulp of tomato. 

Purification of PPO 

Polyphenol oxidase enzyme was extracted 

from Solanum lycopersicum by 

homogenization in the blender at room 

temperature. The slurry was filtrated through 

gauze to remove any cell debris that remained 

from the preparation and then it was placed in 

the cooling centrifuge at 8000rpm for 10mins. 

The crude PPO was purified from the 

unwanted proteins and other components 

through concentration by sucrose, and gel 

filtration using Sephacryl –S200, as follows: 

Enzyme concentration by sucrose 
The crude extract produced was initially 

subjected to concentration by sucrose. The 

results showed that 75.8% of PPO enzyme was 

yielded with purification fold 1.3 as shows in 
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Table 1. Sucrose was formerly widely used for 

the concentration of proteins, as an 

inexpensive way of precipitating and 

concentrating a protein extract with the 

sucrose as a nucleophilic effector (activator) 

on the enzyme. Bajaj and Singh (3) described 

the method for the concentration of the 

enzymes by reducing the volume of the active 

solution by dialyzing against a concentrated 

solution of sucrose, through withdrawal of 

water molecules from the enzymatic solution. 

The other methods of concentration of the 

enzyme by precipitation techniques, including 

ammonium sulfate, ethanol, acetone, dialysing 

against 96% of ethyl alcohol or acetone as the 

outside solution (provided that the active 

substance (enzyme) is not inactivated by 

them). Using this procedure, the volume of the 

active substance is rapidly reduced (14).  

Gel filtration chromatography 

The solution of concentrated enzyme was 

passed through a gel filtration column 

Sephacryl - S200 with the dimensions 21×1.6 

cm, and equilibrium with 0.2M of phosphate 

buffer pH 7. Results showed one peak of 

protein in the eluted fractions from the column 

with a single peak of PPO, then the active 

fractions were collected (Fig. 2). The result 

indicated the presence of one peak of protein 

that is compatible with the peak of PPO 

activity in fractions 12-20. At this step, the 

specific activity was 48900 U/mg protein with 

a purification fold 2.4 and yield of 32.6% 

(Table 1). (16) purified the enzyme by using 

acetone precipitation and gel filtration 

chromatography with 35% yield and 1.24 

purification fold. PPO was extracted and 

purified from Portulaca oleracea by using a 

Sephadex G-100 column. The specific activity 

of the purified PPO was determined as 11421 

U/mg, with a purification fold of 23.5 and a 

yield of 31.3% (15). 

Immobilization of PPO enzyme 

Immobilization of PPO by entrapment and 

covalent methods 

Crude PPO was immobilized by entrapment in 

agar-agar (Fig. 3) and by covalent linkage in 

gluteraldehyde activated chitosan (Fig. 4). The 

results showed that the immobilization ratio of 

the chitosan linkage PPO reached 62% and 

higher than that of agar-agar at 36% (Fig. 5). 

Agar is resistant to acidic hydrolysis, it’s a 

naturally occurring heterogeneous colloidal 

polysaccharide complex of agarose and 

agaropectin having alternating 𝛼-(1 → 3) and 

𝛽-(1 → 4) linkages. Agarose is an alternating 

copolymer of 3-linked∼-D galactopyranose 

and 4-linked 3,6-anhydro-𝛼- galactopyranose 

units. The structure of agaropectin is not fully 

known but it is a sulphonated polysaccharide 

in which galactose as well as uronic acid is 

partly esterified with sulphuric acid. However, 

agar has the ability to form gel in salt-free 

conditions due to the ionic nature of the 

polymer (agaropectin). But the decrease in the 

immobilization ratio of PPO entrapped in agar-

agar was due to the weakness of cohesion of 

agar-agar for entrapped enzyme, the easy 

dissolution, disintegration and high solubility 

of the gel during the immobilization of the 

enzyme (33). Therefore, the immobilized PPO 

covalent linkage by chitosan was used for 

further studies. The immobilization of enzyme 

to chitosan carrier is commonly carried out via 

multipoint covalent attachment at high ionic 

strength, because it has been postulated that, in 

a first step, a salt-induced association between 

the protein and the support surface takes place 

(31).  

Application of PPO 

Dyes decolorization: The various textile dyes 

(textile yellow, textile red, textile black and 

textile blue) degradation capability of PPO 

(crude and purified) were studied at dyes 

concentration of 30 mg/l, in pH 5.0 at 40
o
C 

after 3 hrs, as can be seen in Table 2 and Fig. 6 

and 7. Absorbance of each dyes was recorded 

at suitable wave length for each one. Results 

showed that the value of each absorbance was 

decreased as the incubation time increases and 

stabilized after 3 hrs and even after 24 hrs, 

compared with the absorbance of the control, 

which did not change during the 24hrs. These 

results indicated that PPO have the ability to 

degrade different dyes. Results in Table 2 

show significant differences in rate of 

degradation which is due to each dye having a 

different structure that effects the degradation 

capability of PPO enzyme. Textile black 

exhibited higher degradation capacity with 

purified PPO and showed maximum removal 

extent of 84.6% after 3 hrs with initial purified 

PPO. This was followed by textile red dye, 

textile blue and textile yellow with removal 
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efficiency of 84.3, 77.5 and 60.3% 

respectively (Table 2). Whereas crude PPO 

has approximately the same efficiency to 

degrade dyes compared with purified enzyme, 

researchers observed that crude PPO is more 

stable and cheaper compared to purified PPO. 

Nevertheless, using crude PPO would reduce 

the cost of the enzymatic-based decolorization 

process in an industrial scale. These 

encouraging results suppose a step forward 

towards the industrial application of PPO. 

These dyes were not decolorized to the same 

extent; that may be due to the difference of the 

redox potentials and the suitability of their 

steric structure with the active site of the 

enzyme (27). The extent of decolorization 

activity depends on the chemical structure of 

the dye and the source of the enzyme (8). It 

has been reported that the chemical structures 

of dyes largely influence their decolorization 

rates with PPO and that its decolorization 

efficiency was limited to several azo dye 

structures (6). This variation in the ability of 

the PPO for dyes degradation is due to the 

complexity of the dye structure which 

influence the degradation rate by PPO. (23) 

noted that heterocyclic dyes were resistant to 

enzymatic oxidation. 

Decolorization of textile black dye in packed 

bed-reactor by an immobilized crude PPO  

Batch operation 
The decolorization capability of immobilized 

PPO on chitosan was studied with black dye at 

concentration of (30 mg/l) in packed bed-

reactor with pH 5.0 at room temperature. The 

bioreactor was operated as a batch system for 

3 hrs (Fig. 8). Absorbance of dye was recorded 

at suitable wave length 530 nm. The results in 

Fig. 8 showed that the decolorization rate 

increased as the incubation time increases and 

stabilized after approximately 2hrs. These 

results indicated that immobilized PPO in 

batch operation has the ability to remove 99% 

of dye after 2 hrs. Also, the results in Fig. 8 

showed the positive relationship between the 

degradation rate with incubation time in batch 

operation. In the batch system operation, the 

black textile dye decolorized appeared by 

decreasing the absorbance at 530 nm which 

indicated degradation of dyes (azo conjugated 

structure) into low molecular weight aromatic 

compounds. The decreasing at 530 nm 

suggests that there were changes in the 

aromatic group in the black dye decolorized 

sample (17).  Couto (8) have observed an 

oxidation of phenolic dyes having electron 

donating methyl or methoxy substituents by 

PPO. Although a large number of structurally 

related dyes can be successfully oxidized by 

PPO, decolorization occurs at different rates 

and to different extents and many dyes are not 

degraded at all (18). Further, there is a 

correlation between redox potential of the dyes 

and decolorization rates (33). However, 

complementary studies are required to study a 

relationship between the redox potential of the 

azo dyes and the decolorization efficiency of 

Solanum lycopersicum PPO, besides further 

information on the mechanisms involved in the 

degradation of this dye. This study on 

application of Solanum lycopersicum PPO in 

the degradation of dyes and the focus on the 

structural requirement of a dye to be 

biodegradable is important in order to optimize 

potential bioremediation systems for industrial 

textile process water treatment. 

 

 
 

 

 



Iraqi Journal of Agricultural Sciences –2019:50(3):943- 950                                                        Hussein 

948 

 

 

 

 

 

 
Table 1. Purification Steps of PPO Enzyme from Solanum lycopersicum 

Sample Volume 

(ml) 

Activity 

(U/ml) 

Protein 

(mg/ml) 

Specific Activity 

(U/mg) 

Total Activity 

(U) 

Purification 

Fold 

Yield 

(%) 

Crude 

Sucrose 

Gel Filtration 

(Sephacryl S-200) 

50 

20 

 

27 

810 

1534 

 

489 

0.04 

0.06 

 

0.01 

20250 

25567 

 

48900 

40500 

30680 

 

12203 

1 

1.3 

 

2.4 

100 

75.8 

 

32.6 
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Table 2. Degradation % by PPO Enzyme 

(Crude and Purified) from Salanum 

lycopersicum at 40 
o
C in pH 5.0 after 3 hr 
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