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Abstract:In this study, Polyphenol Oxidase (PPO) was partially purified from pear fruit pulp 

which was organically grown in Mosul city of Iraq. The crude enzyme-specific activity was (222.42) 

Unit/mg protein. After applying precipitation by ammonium sulfate and dialysis, the specific activities 

have been improved to be (211.66) and (549.60) Unit/mg protein, and the purification folds were 

(0.95) and (2.47) respectively. After ion-exchange chromatography using CM - Cellulose, the final 

result revealed one peak of PPO with a specific activity of (11306.1) Unit/mg protein and purification 

fold of (50.83). Characterization of the partially purified enzyme showed that optimum pH and 

temperature were 7.5 and 35°C respectively. Polyphenol Oxidase activity and browning intensity in 

pear juice were inhibited by adding different concentrations of antioxidant compound, vanillic acid. 

The maximum inhibition percentage of the enzyme was 71.1% and the maximum inhibitory effect of 

browning intensity was 30.9 %. The inhibition mode of purified PPO was competitive by using 3.3 

mMvanillic acid. Michaelis-Menton (Km) value increased from (1.43) to (3.33) mM, with unchanging 

in Maximum velocity (Vmax)value (123.45) Unit/ml.min. The inhibition constant (Ki) value was 

1.846 mM. The results of untreated pear juice indicated decreasing in phenolic compound contents, 

reducing sugar and free amino group but, increasing in intermediate compounds, browning intensity, 

and reducing power. After treating with (3.3mM) vanillic acid, decreasing of intermediate compounds, 

browning intensity, and increasing in reducing power were revealed with comparing to control. 

Contrariwise, the addition of vanillic acid to pear juice obtained increasing in reducing sugar, free 

amino acid, and phenolic contents compared to control. 
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1. Introduction  

Pear (Pyruscommunis L.) is a coastal fruit of moderate regions. The size of pear tree is medium, 

reaching 10-17 meters (1). Economically, it is the fifth most important fruit in the world. The annual 

production depends on many countries being in China mainly followed by Europe and the United 

States. Besides apple and quince, pear belongs to the rosaceous family but has a different delicate 

flavor (2). Among common fruits, fresh pear considers as a food of moderate energy value which has 

low calorie. As well as pear is very rich in vitamin C, it contains fibers, carbohydrates, enzymes, 

phytosterols, and minerals such as calcium, zinc, magnesium, manganese, iron, copper, potassium, and 

phosphorus [3,4]. Polyphenol oxidase (PPO; EC 1.14.18.1) is a natural multi-copper protein that 

oxidizes phenolic compounds to create finally black pigments. For this reason, PPO is responsible for 

the enzymatic browning reaction that takes place when fresh fruits and vegetables are wounded or 
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smashed [5]. Several studies demonstrated that enzymatic browning is undesirable andcan be led to an 

unpleasant appearance, flavor and aroma [6]. The rate and magnitude of browning of pear flesh varies 

by cultivar, and may be affected by total phenolic content of fruit together with polyphenol oxidase 

activity level.  

 
The oxidation of colorless monophenols to colorless diphenols is the basic enzymatic browning 

reaction. Further oxidation reaction forms slightly colored o-quinones. The o-quinoneswill be 

polymerized into complex brown pigments in the attendance of amino acids and other proteins [7]. 

Additionally, the quinones, which are produced in the initial browning reaction, may contribute 

tocoupled oxidation reactions. This will be enabled them to oxidize other polyphenols that cannot be 

enzymatically oxidized directly. Nonenzymatically brown products are generated due to the reaction of 

ascorbic acid oxidation, caramelization, lipids oxidation [8, 9], and Maillard reaction which happens 

via a combination of amino acids and reducing sugars. Many inhibitors such as phytic acid, cinnamic 

acid, ascorbic acid, and glutathione have been reported as non-toxic compounds for preventing 

enzymatic browning via inhibiting PPO [10]. 

 

Vanillic acid (4-hydroxy-3-methoxybenzoic acid) is a phenolic compound used broadly in food 

manufacturing as a flavoring, preservative, and food ingredients. It can be found in numerous grains, 

cereals, fruits, herbs, wines, and juices [11]. It exhibits strong antioxidant action and can act as a 

functional food by donating to the welfare and health of the population [12]. The antioxidant properties 

of vanillic acid may contribute to controlling the Maillard reaction and inhibition of polyphenol 

oxidase. The adding of this compound to foods during processing and storage may help improvethe 

manufacture of fruit and vegetable. In some plant sources, this compound has occurred as a natural 

compound, therefore more accepted as food ingredients than synthetically manufactured compounds. 

Our current research aim is to purify and characterize PPO enzyme from pear fruits. Besides, vanillic 

acid was used to inhibit PPO and Maillard reaction to reduce the harmful influence of enzymatic and 

nonenzymatic browning reaction which lead to food damage then negatively impact the quality of 

commercial products.  

 

2. Materials and Methods  
2.1. Chemicals and Fruit   

In our study, we used chemicals gained from either Sigma Aldrich or Fluka which were of high 

analytical grade. Fresh Iraqi pear (Pyruscommunis L.) were acquired from trees of Mosul city in 

September. 

2.2. PPO Extract Preparation  

Directly after harvested and washed, 150 gm of fresh pear pulp was weighed and homogenized in 200 

ml phosphate buffer (0.1 M, pH 7.5) containing 10 mM ascorbic acid, 1%  Triton-X 100, and 2% 

polyethylene glycol in a blender for 25-sec x 8 at 4°C. By cheesecloth, the supernatant containing PPO 

was isolated from the pulp, centrifuged at 6,000 rpm for 20 minutes, and used as crude extract [13]. 

 

2.3. Ammonium sulfate  

For protein precipitation, solid ammonium sulfate 20-80% was used by following these steps: Pouring 

extracted sample into a graduated beaker, placing on a magnetic stirrer in the refrigerator, and adding 

ammonium sulfate to protein solution over a four-step period. After obtaining complete sediment, a 

solution was centrifuged at 6000 rpm for 20 min at 4˚C, then the supernatant was decanted and protein 

precipitation was dissolved in the smallest volume of buffer [14]. 

 

2.4. Dialysis  

To isolate proteins with low molecular weights (less than 12 kDa) and to remove ammonium sulfate 

salt, a dialysis tube was used. Dialysis was carried out by putting 11 ml of a sample against phosphate 
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buffer (100 mM, pH 7.5) on a stirrer at 4˚C with four-time buffer changes. 

 

2.5. CM-Cellulose Chromatography 

A cation-exchange chromatography was used for the purification of PPO. The dialyzed solution was 

loaded onto the CM-cellulose column which was pre-equilibrated with two types of phosphate buffers, 

a (100 mM, pH 7.5) and B (200 mM, pH 7.5) with a flow rate regulated to be 1ml/ min. The monitoring 

of protein concentration and PPO activity were achieved in each fraction (5 ml) at 280nm and 408 nm 

respectively. 

 

2.6. Protein determination 

Protein content was determined according to the method of Lowry et al. (1951) (15) using bovine serum 

albumin as standard. 

 

2.7. Determination of Polyphenol Oxidase Activity 

The activity of PPO was assayed spectrophotometrically using catechol 11.01 mg/mL phosphate buffer 

(100 Mm, pH 7.5) as substrate. The reaction cuvette contained 0.3 mL of enzyme solution and 2.7 mL 

of a substrate. A blank contained only 3 mL of a substrate. A change in absorbance at 408 nm was 

followed for 3 min to measure quinone formation after incubation for 10 minutes at room temperature 

(16). A unit of PPO activity was defined as the change in absorbance of 0.001 per minute. 

 

2.8. Effect of pH and temperature on PPO activity 

PPO activity determination was achieved at temperatures between (25 to 60°C intervals 5 degrees) with 

100 mM of catechol as substrate. By using Buffer systems of 100 mM which were acetate buffer for pH 

(4-5), Phosphate buffer for pH (6-7.5), Tris-HCl buffer for (8), and glycine-NaOH buffer for pH (9-10), 

optimum pH was estimated at 35 °C.  
 

2.9. Preparation of juice 

Healthy harvested pears (100g) were peeled after washing then cut and blended with 125ml phosphate 

buffer. Using a muslin cloth, the slurry was filtered and centrifuged at 6,000 rpm for 15 minutes to 

acquire a clear juice (17). 

 

2.10. The vanillic acid effect on PPO activity and browning intensity 

The mixture which contained 8 milliliters of juice and 2 milliliters of 1-5 mM vanillic acid was used to 

measure PPO activity at 408nm and browning intensity at 420 nm. A control tube contained juice only. 

The IC50 value of vanillic acid was obtained according to the equation: IC50= 50-b/a. a and b are slope 

and intercept respectively of the straight line. 

 

2.11. Time effect on PPO activity and browning intensity 

We used six tubes in this experiment. In each one, 8ml of pear juice and 2ml of 3.3mM vanillic acid 

were added successively and the first tube was kept as a control. At 0-60 minutes, PPO activity and 

browning intensity were measured.  

 

2.12. Inhibition mode of PPO 

The inhibition of purified PPO was designed by using vanillic acid (3.3 mM), and the activity was 

followed using (0.25-10 mM) of substrate after incubation of 0.2 ml enzyme with 0.1 ml of inhibitor 

(18).The inhibition constant (Ki) value was calculated by Kmʹ=Km (1+I/Ki) (19). 
 

2.13. Maillard reaction products preparation 

Two milliliters of 3.3mM vanillic acid was added to 8 ml of pear juice. Then solution in tubes was 

transmitted, locked tightly, and heated in a water bath at 100
o
C. Analysis of sample was done every 
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one hour for 5 hours after cooling. The first hour was measured without heating and the control 

container was kept without inhibitors. 
 

2.14. Colorless intermediate and browning intensity measurement 

To evaluate the colorless intermediate and browning intensity, absorbance at 294 and 420 nm was 

measured respectively (20). 

2.15. Reducing sugars content estimation 

Garrigaet al (2017) method (21) was done to determine reducing sugars in juice using Di-nitro 

salicylic acid as a reagent at 540 nm. Glucose solutions (10-100mg/ml) were used to prepare the 

standard curve.  

 

2.16. Free amino group content estimation 

The method was used for the estimation of a free amino group using ninhydrin reagent. The 

absorbance was measured at 570 nm. The solutions of amino acid lysine were used between (5-

50mg/ml) to prepare the standard curve (22). 

 

2.17. Total phenolic compounds content estimation 

By using the Folin-Ciocalteu reagent, total phenolic compounds were evaluatedspectrophotometrically 

at 765 nm (23). For the standard curve, gallic acid (10-100 μg/mL) was used. 

 

2.18. Reducing power estimation 

According to the method described by (24), reducing power was estimated by following the increase of 

absorbance at 700 nm.  

 

3. Results and Discussions 
After CM- Cellulose cation exchange procedure, the enzyme was purified about 50.83 fold with a final 

yield of 75.69% (Table 1). Purification of enzyme exhibited early a single peak in fractions 9 to 20 

(Fig.1) with specific activity 11306.1 U/mg protein.  

By using DEAE – Cellulose, the specific activity of one peak purified PPO (EC 1.14.18.1) from quince 

fruit which was grown in Mosul-Iraq was 11406.77 U/mg. with purification fold of 33.34 (17). The 

single peak of polyphenol oxidase was also obtained from Hemşin Apple after purification by ion-

exchange and gel filtration techniques with specific activity 95.16 EU/mg and 28.80 fold purification 

(13), while fold purification of Whangkeumbae pear PPO using DEAE-Sepharose and Sephadex G-75 

was 32.93 (16). 
 

 
Table 1 PPO purification steps from pear (Pyrus communis L.) 

Purification steps 
Volume 

(ml) 

Total protein 

(mg) 

Total activity 

U* 

Specific activity 

(U/mg protein) 
Yield % 

Purification 

Fold 

Crude 84 12.76 2838.1 222.42 100 1 

Ammonium sulfate 11 4.92 1041.41 211.66 36.69 0.95 

Dialysis 10.5 1.71 939.82 549.60 33.11 2.47 

CM-Cellulose 

chromatography 
58 0.19 2148.16 11306.1 75.69 50.83 
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Optimum pH 

Ionized R groups of amino acids give the electrical charge of an enzyme, and this charge influences by 

varying pH which leads to a decrease, increase or prevent conjugation of enzyme active side with a 

substrate. Therefore each enzyme has special optimum pH.Thus denaturation of the three-dimensional 

structure of enzymes can be caused by extreme pH values (25-26). Fig.2 shows the optimum pH of 

PPO which is found at pH 7.5. The optimum pH of borage PPO was 7.5 using pyrogallol as substrate 

(27). It was reported that the optimum pH of PPO varied widely from various plants. Rosemary, 

tomatoes, and water yam had optimum activities at 7, 6.8, and 6 respectively using catechol as 

substrates (28-30). The optimum pH for PPO of Cape gooseberry was 5.0 for substrate, chromogenic 

acid (31), whereas for tea leaf was found to be 8.0 (32). It was found that the maximum activity of 

fruits and vegetables were often near to neutral pH. 

 

Optimum temperature: 

Generally, the reaction between enzyme and substrate was speeded by elevating temperature due to the 

increased kinetic energy of the enzyme. Nevertheless, enzyme denaturation happens at great high 

temperatures and the working will be stopped (33). The optimum activity of purified tyrosinasewas 

noticed at 35˚C (Fig. 3). After this temperature, the activity was started to decline. This result similar 

to temperatures for water yam (30). The peak temperature of purified PPO from corn tassel and 

Chinese parsley was 40°C (34-35), whereas it was been 45°C for mulberry, eggplant, and apricot, 

using catechol as substrate (36-38). Also, it was reported 20°C for apples and 22°C for potato (39), 

30°C for banana pulp and peel (40).  
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Vanillic acid effect on PPO activity and browning intensity in pear juice 

Inhibition percentage of PPO activity and browning intensity of Iraqi pear juice, which was treated 

with different concentrations of vanillic acid at different time, are shown in table (2 and 3). Increasing 

in both results is shown compared to control. In apple juice, increasing anti-browning agents' 

concentration (cinnamic acid and glutathione) reported increasing in inhibition percentage and PPO 

inhibition slowed down efficiently the browning reaction rate (41). 

 
 
                       Table 2 Inhibitory effect of vanillic acid on PPO activity and browning intensity 

Vanillic acid       

conc.(mM) 

Inhibitory effect of 

browning % 

PPO inhibition 

% 

Control 0 0 

1 14.6 11.8 

2 16.6 27.5 

3 24.5 33.5 

4 28.1 60.5 

5 30.9 71.1 

 

 
                       Table 3 Time Effect on PPO activity and Browning intensity using (3.3mM) vanillic acid 

 

 

 

 

 

 

 

 

 

 

PPO inhibition: 

Competitive inhibition of vanillic acid (3.3mM) on purified PPO was obtained (Fig. 4). Increased Km 

value from 1.43 to 3.33 mM and unchanged Vmax value 123.45 U/ml.min indicates the competitive 

inhibitor. Inhibition constant Ki value was 1.846 mM. In banana, citric and malic acids played an 

important role in inhibiting PPO(42).Rashan (2020) illustratedcompetitive inhibition ofquince purified 

Time 

min. 

Inhibitory effect of 

browning % 

PPO inhibition 

% 

0 18.5 14.4 

10 24.5 22.1 

20 25.1 45.9 

30 40 66.6 

40 42.6 76.2 

50 44 100 

60 49.5 100 
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PPO using vanillin with Ki value 2.312 (17). Apple juice PPO also observedcompetitive inhibition 

with cinnamic acid as an inhibitor (41). 

 

 
 

Changes in UV λmax (AUV λ294) and browning intensity (A420) 

Fig. 5 and Fig.6 explain a uniform increase in AUVλmax and Browning intensity (A420) with 

increasing heating time for untreated pear juice. These results alike to the study was carried out for 

quince juice (43), heated glucose - glycine mixture (44), and heated chitosan - glucose mixture (45). 

Before generation brown pigments, the Maillard reaction improves UV-absorbing intermediate 

complexes. Intermediate products are still during heating, but several others may be changed to ending 

brown complexes. The previous studies indicate that AUV λ294 and browning intensity (A420) are 

reflected of intermediate and browning compounds respectively (Ajandouzet al., 2011)(46). 

Depending on sugar natures, intermediates, and colored polymers which are resulted, the browning 

intensity (A420) increased for numerous model systems (47). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5: Changes in A294nm of MRPs derived during heating for various times 
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A decrease in AUV λmax and browning intensity was observed after treating the juice with vanillic 

acid as compared to control (Fig 5 and Fig.6). Treated quince juice with vanillin and glutathione 

revealed decreasing in UV-absorbing intermediate complexes and brown pigments generation with 

heating (43). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Changes in reducing sugar content: 

The lower reducing sugar content of pear juice was found when heated to 5 hours (Fig.7). The decrease 

in reducing sugar for heated lysine-fructose (48), casein-glucose (49), and chitosan-glucose (50) 

systems was reported. Whereas, pear juice treatment with vanillic acid exposed increasing in reduced 

sugar compared to control (Fig.7). This likes the lowering of reduced sugar for treated quince juice 

with vanillin (43). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure7: Changes in reducing sugar content of MRPs derived during heating for various times 

Figure 6: Changes in A420 of MRPs derived during heating for various times 
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Changes in free amino group content: 

Figure 8 shows a gradually decreasing of free amino group contents of heated pear juice. The reduction 

in the amino group content was observed as the heating time increased (45). The addition of vanillic 

acid to pear juice increased amino acid contents compared to control (Fig.8). These results were 

according to Rashan and Al-abbasy 2020 study (43), who's noticed a higher free amino acid content of 

heated quince juice by using glutathione. 

During long heat treatment, the interaction between the amino group and carbonyl group was catalyzed 

and contributed to the development of MRPs. The lowering of reducing sugar and free amino group 

reflect the increment of absorbance at 294nm and 420 nm. The glycation reaction was persuaded by 

carbonyl electrophilicity (51-52).  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Changes in phenolic content:  

In the occurrence of oxygen, polyphenol oxidases oxidize phenolic constituents in most eatable plant 

products such as vegetables and fresh fruits to generate o-quinones. O-quinones polymerization into 

complex brown pigments carries out in presence of proteins and amino acids (53). Furthermore, 

coupled oxidation reactions of quinones formed in the initial browning reaction can be contributed, 

permitting them to oxidize additional polyphenols which cannot be oxidized enzymatically. 

Conversely to heating time, phenolic content decreased in pear juice, but the addition of vanillic acid, 

exhibited increasing in phenolic content compared to control (Fig.9). Increasing heating time for 

quince juice led to a decrease in phenolic contents, but increased after vanillin was added (43). 

 

 

 

Figure 8: Changes in free amino group content of MRPs derived during  
heating for various times 
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Changes in reducing power: 

Fig. 10 explains a consistent rise in reducing power to heating time end. By comparing to control, 

absorbance at 700 nm was noticed increasing after vanillic acid addition to the juice of pear. Many 

studies reported increasing absorbance of reducing the power of glucose-glycine (54) and xylose-

lysine (55) mixtures. The addition of vanillin and glutathione raises the absorbance of reducing power 

than control in heated quince juice (43).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Changes in reducing power of MRPs derived during heating for 

various time 

Figure 9: Changes in total polyphenol of MRPs derived during heating for various times 
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For controlling Maillard reactions infoods, many efforts have been accomplished. For example, adding 

natural or artificial compounds, such as N-acetylcysteine inhibit reactions or generate colorless 

products by eliminating one of the reactants (56-57) or activating hydroxyl-containing compounds 

such as gallic acid by trapping α-dicarbonyl compounds (58-59). On the other hand, acetylation of 

amines residues can be effectively inhibited Millard reaction (60). Generally, antioxidants prevent 

browning initiation by reacting with oxygen. Also, intermediate products react with antioxidants 

compounds, thus breaking chain reaction and preventing melanin formation (61). 

 

4. Conclusions 
 

In the current study, one effective PPO peak was purified and characterized from pear (Pyruscommunis 

L.). In the presence of catechol as substrate, the enzyme behaved optimally at pH 7.5 and 35°C. The 

effect of vanillic acid which has inhibition properties was studied. The IC50 value was calculated (3.3 

mM). The inhibition mode was competitive. The kinetic parameters Vmax and Ki were found to be 

(123.45) Unit/ml.min. and 1.846 mM respectively and Km value increased from (1.43) to (3.33) mM. 

Furthermore, the treatment of pear juice by vanillic acid resulted in a decrease in intermediate 

compounds and browning intensity, but increasing in reducing power, reducing sugar, free amino acid, 

and phenolic contents compared to control. Adding antioxidant compounds such as vanillic acid can 

take part in controlling browning reactions and could be useful for improving the quality of foods 

during processing and storage.  
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