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ABSTRACT 

The activity and kinetic parameters of the enzyme polyphenol oxidase (PPO) in crude extracts of the fruits of 
Paradise apple (Pyrus malus L.), cucumber (Cucumis sativus L.), squash (Cucurbita pepo L.), pomegranate 
rind and seeds (Punica granatum L.), and the leaf of cactus (Opuntia ficus-indica (L.) were investigated. The 
highest browning intensity was found in P. apple, followed by pomegranate seeds and cucumber fruits. The 
optimum activity of the enzyme was shown at pH 7.0 for P. apple and cucurbita, but it was found at pH 6.0 for 
the rind and seeds of the pomegranate. The PPO of cactus leaf and cucumber fruits showed two peaks at pH 4.0 
and 7.0. On the other hand, the optimal temperature found for PPO activity in these plants was around 40°C. 
A strong correlation with value (R) = 0.9485 between the browning intensity and PPO activity in all studied 
samples was obtained.

1. INTRODUCTION
Polyphenol oxidases (PPOs) are proteinase enzymes 

that catalyze the oxidation of phenolic compounds and found 
in all living organisms; in insect, they are responsible for the 
exoskeleton, in animals, tyrosinase has a great role in wound 
healing, in fungi, has a role in spore formation and pigmentation, 
and a role in lignin degradation [1]. PPOs were used in the food 
industry for the improvement of flavor in tea, cocoa, coffee 
production, and ascorbic acid determination [2]. In environmental 
technology, PPOs are used in remediation for the removal of 
phenolic and the toxic compounds from wastewater [3]. In a 
medical application, PPO is used as a tumor-suppressing [4] and 
treatment of Parkinson’s disease [3]. 

PPOs are subdivided into three subclasses, tyrosinases, 
catechol oxidase, and laccase. They catalyze the oxidation of 
diphenolic compounds in the presence of atmospheric oxygen to 
produce quinones [4]. In the final stage, polymerization of these 
quinones to produce various pigments (black, brown, red) is the 
main reason for fruit browning and ripening in the plants. PPOs are 

copper-containing enzymes found mainly in the chloroplasts and 
mitochondria [5]. It was reported that the PPOs vastly valuable 
biocatalysts for several molecular applications [6]. Enzymatic 
browning of vegetables and fruits will affect their quality [7] and 
is considered as a very serious problem during the processing and 
storage of foods. The discoloration of food browning may affect 
the quality and cause some changes in color, flavor, taste, and 
nutritional [8]. 

In animals and humans, polyphenolic compounds play 
a role in immune defense by darkening of tissue during lesion 
formation and in healing wounds, infected tissues, and prevent 
further spread of pathogens.

 Plants are considered as rich sources of phenolic 
compounds, which can act as antioxidant, antimicrobial, anti-
inflammatory, and antidiabetic agents. Plant phenolic comprises 
simple phenols, such as coumarins, tannins, phenolic acids, and 
flavonoids [9]. The mainly common phenolic compounds that 
existed in plant organs are flavonoids. PPO had been widely 
investigated in many plant types, such as potato and taro [10], 
eggplant, pears [11], grapes [12], tea leaves, and pomegranate 
[13]. Some polyphenolic compounds have chemical and 
biological activities, such as antioxidants, anti-inflammatory, 
hepatoprotective, and antigenotoxic [14].
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In the present study, the relationship between time and 
browning was determined in the following fruits of : Paradise 
apple (Pyrus malus L)., cucumber (Cucumis sativus L.), squash 
(Cucurbita pepo L.) rind and seeds of the pomegranate (Punica 
granatum L.), and the leaf of cactus (Opuntia ficus-indica (L.) 
Mill). The influence of pH and temperature on PPO activity was 
also investigated. Finally, the activity and kinetic parameters of 
the PPO enzyme in the studied plants were investigated too.

2. MATERIALS AND METHODS

2.1. Materials
All plants are purchased from the local markets (Jordan). 

Sodium fluoride is purchased from CODEX LTD Carloerba, 
Milan, Italy. Catechol and L-tyrosine all are purchased from 
BDH Laboratory Supplies, Poole, England. Di-sodium hydrogen 
phosphate anhydrous was purchased from Fluka-Chemieka 
AGCH9470 Buchy. Sodium-dihydrogen phosphate was purchased 
from Panreac, Montplet & Esteban SA, Barcelona-Espana. 
Sodium acetate was purchased from Riedel-Dehaen, Sigma-
Aldrich Laborchemilealien GmbH Seelze.

2.2. Crud Enzyme Preparation
Fifty grams of fresh fruits and leaves of the studied plants 

(Table 1) were homogenized with the addition of sodium fluoride 
solution (1:5 w/v) in an electric food processor for 3 minutes. 
Homogenates were filtered and centrifuged to 10 minutes. The 
pellet was removed and the supernatant was used as crude plant 
extract (enzyme solution) and was kept at 4°C [15].

2.3. Browning Intensities Measurements
For each sample, a cuvette was filled with 1.5 ml of 

freshly prepared crude plant solution and the optical density was 
read at wavelength 410 nm by a spectrophotometer at intervals 
of 20 minutes for 100 minutes. The absorbance was registered as 
the browning intensity and relative percentage (%) of browning 
intensity was calculated [15].

2.4. Evaluation of PPO Action and the Influence of Substrate 
Concentration

The increase in the absorbance at 410 nm was used for 
determining the PPO activity. Catechol was used as a substrate 
in all the experiments. Different concentration of substrate (0.01, 
0.03, and 0.05 M), at pH 7.0 and temperature 40°C were used. 
Each tube has 2.0 ml of the substrate solution, sodium phosphate 
buffer (0.9 ml) with pH 7.0, and crude plant extract (0.1 ml). 
The blank tube has only the substrate and the buffer. A change 
in the absorbance of 0.001 minute−1 was considered as one unit 

of PPO activity [16]. The kinetic parameters (Km and Vmax) were 
determined according to Line weaver–Burk plot [17].

2.5. Influence of pH on PPO Activity
The leverage of pH on enzyme activity was inspected 

using two kinds of buffer solutions, sodium acetate (0.2 M) for pH 
range of 3.0–5.5 and phosphate buffer for pH 6.0–8.5, respectively. 
The optimum pH of the enzyme was estimated under the typical 
assess situations by deliberating activity in the existence of buffers 
at diverse pH values extending from 3.5 to 8.0 [18]. Reaction rates 
of the enzymes were assayed as described previously and relative 
activity (%) was calculated.

2.6. Impact of Temperature on PPO Action
The effectiveness of temperature on PPO activity 

was assayed under standard survey circumstances at different 
temperatures ambit from 25°C to 55°C, and the buffer was warmed 
to appropriate temperature prior to the evaluation. The reaction 
rates of these enzymes were assayed as described previously and 
the percentage of relative activity was calculated. The activation 
of energy (AE) of enzyme estimated based on the Arrhenius plot of 
enzyme activity (Log V) versus reciprocal of absolute temperature 
(K−1) [19].

2.7. Statistical Analysis
All information analysis was carried out by the Microsoft 

excel 2003. Every experiment during the trials was done in 
triplicates. The out comings were registered as mean ± standard 
deviation (SD). 

3. RESULTS
A relationship between the browning intensity and time 

was shown in Figure 1. The highest browning intensity was found 
in P. apple, followed by pomegranate seed and cucumber. The 
leverage of pH on PPO activity was determined by measuring 
enzyme activity according to Mizobutsi et al. [18]. The pH profile 
of the PPO enzyme was found at Figure 2. The optimum activity 
of the enzyme was registered at pH 7.0 for P. apple and cucurbita, 
and at pH 6.0 for rind and seeds of the pomegranate. The PPO of 
cactus leaf and cucumber fruits was shown to have two peaks at 
pH 4.0 and 7.0. 

The influence of temperature on PPO activity is depicted 
in Figure 3. The optimal temperature for PPO activity in these 
plants was around 40°C. At 30°C, the relative activity was ranging 
from 45% in the cactus leaf to 72% in cucumber fruit. The AE that 
obtained during this investigation was shown in Figure 4.

To investigate the kinetic constants, Km and Vmax of PPO, 
initial reaction rates at different catechol concentrations (0.01, 
0.03, and 0.05 M) were calculated. According to Line weaver-
Burk plot, 1/V values were plotted against 1/[S] values (Fig. 5) 
and kinetic parameters were calculated from the chart. The Km 
and Vmax rates of the enzyme were summarized in Table 2. The 
highest activity (Vmax) of PPO was seen in P. apple (0.189 μmol/
minutes), while the pomegranate rind has the lowest (0.03 μmol/
minutes) (Table 2). The ratio of Vmax/Km for the tested plants is 
illustrated in Table 2. Table 2 explains the affinity of the enzyme to 
the substrate. The correlation between the browning intensity and 
PPO activity was shown in Figure 6. A strong correlation between 

Table 1: Illustrate the scientific names, common names, and the aerial part of 
the plant used in this study.

Plant’s part used Common name Scientific name

Fruit Squash C. pepo

Fruit Cucumber C. sativus

Leaves Cactus O. ficus-indica

Fruit (seeds and rind) Pomegranate P. granatum

Fruit Paradise apple P. malus
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Figure 1: Browning intensity (%) of P. apple fruits, pomegranate rind and seeds, cactus leaf, 
cucumber fruits, and cucurbita fruits with time (minute). Mean ± SD, n = 3.

Figure 2: Relative activity (%) of PPO in P. apple fruits, pomegranate rind and seeds, cactus 
leaf, cucumber fruits, and cucurbita fruits at different pH values. Mean ± SD, n = 3.

Figure 3: Relative activity (%) of PPO in P. apple fruits, pomegranate rind and seeds, cactus 
leaf, cucumber fruits, and cucurbita fruits at different temperature values. Mean ± SD, n = 3.
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the browning intensity and PPO activity in all plant samples was 
found [Correlation coefficient (R) = 0.9485]. 

4. DISCUSSION
The PPO activity was boosted during 8–10 days of 

storing lead to early and quick browning [20]. The presence of 
oxygen, phenolic compounds, and PPO causes the color browning 
responses. Many fruits and vegetables are liable to enzymatic 
browning throughout handling and keeping [21]. The browning 
intensity in all tested plants was found to increase initially and 
became constant after about 80 minutes. Tissue's PPO level can 

Table 2: Kinetic values for PPOs from different plant sources using catechol 
as substrate at 40°C and pH 7.

Source of PPO Vmax (μmol/min) Km (M) Vmax/Km

Cactus Leaf 0.062 0.058 1.07

Paradise apple 0.189 0.067 2.82

Cucumber 0.106 0.053 2.0

Cucurbita 0.056 0.05 1.12

Pomegranate rind 0.03 0.083 0.361

Pomegranate seeds 0.122 0.083 1.47

Figure 4: The AE for PPOs extracted from P. apple fruits, cucumber fruits, cucurbita fruits, cactus leaf, 
pomegranate rind, and seeds. Mean ± SD, n = 3.

Figure 5: Determination of Km and Vmax values for PPOs from P. apple fruits, cucumber fruits, cucurbita fruits, 
cactus leaf, pomegranate rind, and seeds, using catechol as substrate. Mean ± SD, n = 3.
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fluctuate based on the growing environment and tissue ripeness. In 
potato, optimum pH was 5.0 for PPO enzyme [22], Longan fruit 
7.0 [23]. The two optimum pH rates might have conducted due to 
the existence of isoenzymes. Our findings have similarities with 
the results obtained by [24, 25]. However, the variability with pH 
values based on the presence of specificity of the enzyme and its 
location influences the environmental effects. 

The results of this study showed that the temperature 
causes highly effects on the enzyme activity (Fig. 3). Raising the 
temperature above 45°C caused the activity to decline drastically 
which may be due to the effect of denaturation. Optimum 
temperature is a necessary factor for picking of enzymes for 
manufacturing applications. Interestingly, most industrial enzymes 
have Vmax at 40°C–50°C [26]. The studied plants have an optimum 
temperature close to 40°C that means they can be used in industrial 
applications. Most PPOs extracted from studied plants have very 
low AE (Fig. 4), which is useful and required in the industrial 
processes to form the product. These results are following the 
results previously published were the browning intensity of P. 
apple exhibited the highest browning intensity and suggested that 
the PPO activity as the main factor in the browning reaction. 

However, the ratio of Vmax/Km for the tested plants was 
calculated and from this ratio, the affinity of the enzyme to the 
substrate can be estimated. Therefore, P. apple had the highest Vmax/
Km ratio, which means that the PPO of P. apple has the highest affinity 
for catechol as a substrate. The affinity of the enzyme in the studied 
plant was in the following order: P. apple > cucumber > pomegranate 
seed > cucurbita > cactus leaf > pomegranate rind (Table 2).

The strong correlation found between browning and PPO 
activity (Fig. 6) was in agreement with many previous studies [27], 
they are suggested that the PPO as one of the principal factors that 
affect browning in plants. These feedbacks confirmed that PPO was 
responsible for the color browning of the fruits. Therefore, fruits 
should be kept at sub-freezing temperatures for long storage [28].

5. CONCLUSION
During postharvest handling and stockpiling, fruits may 

be exposed to be injured which allows for enzymatic browning as 

a result of oxidation. This study showed that the apple fruit has 
the highest browning intensity and PPO activity compared to the 
tested plants. Moreover, PPOs of P. apple and cucurbita had its 
highest action at pH 7.0, while pomegranate rind and seeds at pH 
6.0. Two optimum pH values were found for PPO of cactus and 
cucumber at pH 4.0 and 7.0 and this may indicate the presence of 
isoenzymes. The optimum temperature for PPO in all of the tested 
plants was around 40°C. Further studies should be carried out on 
these plants as a source of PPO for the degradation of phenols in 
wastewater to minimize water pollution in the future.
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